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Foreword

I am pleased and honored to have been asked to write the Foreword to the second edition of Management 
of Animal Care and Use Programs in Research, Education, and Testing. I am especially grateful to 
Dr. Weichbrod, Dr. Norton, and Ms. Thompson for allowing me to convey my personal views on the 
importance and value of providing exceptional laboratory animal care and management and its vital link 
to performing outstanding biomedical science. 

Today, in 2017, science in general, and biomedical science in particular, is under attack from those who 
believe that science and the funding of science should not be a federal, state, or local priority. There are 
those who believe that breakthroughs in health care come merely from studies that solely use computer 
models, cell-based studies, bioinformatics, and device engineering. The scientific community and the 
lay public have discussed these issues for many years. The reality is that no advances in health care can 
be achieved with just the use of these adjuncts; the use of animals and animal models of disease remains 
imperative, lest we do great harm to humans and animals. The competition for research funding is at its 
highest level in over 20 years. Everyone is aware, and most would agree, that science is synonymous with 
a search for truth. Acquiring believable facts is the only way biomedical science will provide therapies 
that work and cures to both human and animal diseases. Importantly, federal agencies, universities, 
industry, and journal publishers have increased their emphasis on issues related to rigor and reproduc-
ibility in science so that more science can be trusted and will contribute to understanding basic biological 
processes that lead to new therapies and cures. As part of the animal kingdom, the quality of our lives, 
however, matters. The quality of laboratory animals’ lives and human lives is indelibly intertwined. In 
many ways, it is within this context that Management of Animal Care and Use Programs in Research, 
Education, and Testing is such an important body of work.

When I started my career as a graduate student in 1966, the guidelines for carrying out experiments on 
large and small animals were generally left to the discretion of the investigator. Even laboratory animal 
facilities were rather lax in both oversight of investigators and their own husbandry practices. Certainly, 
this was an era well before the advent of Institutional Animal Care and Use Committees (IACUCs) and/
or oversight bodies. It is now clear that the evolution of governmental, local, and institutional guidelines 
has changed the landscape and certainly the quality of the science produced. In 1976, I became the chair 
of the University of Nebraska Medical Center’s (UNMC) advisory committee on animal resources, a 
precursor to the UNMC’s IACUC formed in 1985, a position I held until 1988 when I became chair 
of the Department of Physiology. I became a student member of the American Physiological Society 
(APS) in 1968, and in 1985, I served and was the chair of the APS’s Animal Care and Experimentation 
Committee until 1988. I became chair of the APS Public Affairs Committee in 2001. I then went on to 
be elected councilor and the president of the APS in 2008. I also served on the council of the Society for 
Experimental Biology and Medicine from 1998 to 2002. I bring these service appointments up because 
in every discussion as well as on every scientific review panel, the issue of animal care and associated 
regulations was discussed and continues to this day. It’s appropriate to discuss these issues because with-
out continual refinement, the science may suffer.

Given that the readers of this book agree that animal models of human disease are necessary and 
given that there are no perfect animal models of human disease, it behooves investigators to maximize 
the science that is acquired from these models. Unless a study is proposed to evaluate the mechanisms of 
stress per se, it is not beneficial to perform studies on stressed animals, either under anesthesia or in the 
conscious state. I’m confident that potential life-saving information has been lost in experiments carried 
out on animals where optimal husbandry, maintenance of consistent and appropriate environment condi-
tions, and the successful alleviation of stress were not maximized effectively.

The community of biomedical science is vast and includes principal investigators, administrators, labo-
ratory facility managers, animal caregivers, veterinarians, physicians, and allied trade representatives. 
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It cannot be emphasized enough that individual science is a thing of the past. Today, team science is the 
norm. We need to all recognize that working and using animals in biomedical research or testing is a 
privilege, not a right. This concept comes out loud and clear in this book. The editors have put together 
a text that is not only for those directly involved in the care and use of experimental animals but also 
for all of us that need the support of the animal care team to do good and believable science. The book 
focuses on every issue and concern from the culture of caring to technical issues related to animal hus-
bandry. Importantly, it also reviews issues related to compliance and regulation. How much regulation 
is too much? What is reasonable and how to comply with federal guidelines without impairing the abil-
ity of investigators to carry out good science are just some of the important topics covered in this text. 
The book makes it clear that as new techniques are developed, issues relating to animal welfare change 
accordingly. Finally, the future of animal oversight and the impact of pending legislation are discussed.

The editors and contributors have taken the second edition to a new level. Compiling the second edi-
tion was a real tour de force and I congratulate the editors for this outstanding text. This book should 
be used by anyone who cares about biomedical science: principal investigators, members of IACUCs 
or other oversight bodies, institutional administrators, policy makers (including legislators), as well as 
animal facility personnel. I would also recommend that trainees make this book part of their library, as 
important as a text on physiology, biochemistry, genetics, or any other biomedical discipline. It is impor-
tant that only well-trained individuals carry out procedures on animals for the benefit of science. Those 
of us who have worked with animals for many years have an obligation to pass on high-quality practices 
to those who will do science in years to come. The culture of science will be changed by this edition, 
which should be a required reading for all those contemplating a career in biomedical science.

Irving H. Zucker, PhD, FAHA, FAPS
Omaha, Nebraska

www.ebook3000.com

http://www.ebook3000.org


xi

Preface to the Second Edition

Since the publication of the first edition, there have been many notable advances in biomedical research that 
have resulted in a better understanding of complex biological systems. This has led to the development of 
new therapeutic modalities that have improved the quality of life for people and animals across the world.

The importance of continuing biomedical research with animals remains critical to these developments. 
Therefore, it is important for administrators, managers, and scientists working with and responsible for 
laboratory animal resources to have the practical experience, knowledge, and understanding of the topics 
concerning humane animal care and use.

The Management of Animal Care and Use Programs in Research, Education, and Testing, Second 
Edition, is an expanded and revised edition to the original text published in 2001. Like the first edition, 
this book is meant to serve as a first-line management resource, provide a strong advocacy reference for 
advancing quality animal welfare and science worldwide, and continue as a valuable seminal reference 
for those engaged in all types of programs involving animal care and use. The book has been greatly 
expanded to provide a more thorough overview of the current breadth and depth of the field, with appli-
cability to an international audience.

Over the 16 years since the publication of the first edition of the book, Management of Laboratory 
Animal Care and Use Programs, a multitude of critical regulatory guidance documents have been updated 
and expanded. Among these are the

• Guide for the Care and Use of Laboratory Animals, Eighth Edition (National Research Council 
2011)

• Guide for the Care and Use of Agricultural Animals in Research and Teaching (Federation of 
Animal Science Societies 2010)

• European Convention for the Protection of Vertebrate Animals Used for Experimental and 
Other Scientific Purposes (European Treaty Series 123)

• Biosafety in Microbiological and Biomedical Laboratories, Fifth Edition (U.S. Department of 
Health and Human Services 2009)

• AVMA Guidelines on Euthanasia of Animals (American Veterinary Medical Association 2013)

Additionally, there have been updated regulatory and policy guidelines and direction from the

• Office of Laboratory Animal Welfare, the NIH office overseeing compliance with

• U.S. Public Health Service Policy on Humane Care and Use of Laboratory Animals

• Animal welfare assurances

• Statements of compliance

• U.S. Department of Agriculture (USDA), with policy directives on

• Animal Welfare Act of 1966 (Public Law 89-544) and subsequent amendments, as promul-
gated in USDA regulations 9 CFR Chapter 1, Subchapter A, Animal Welfare, Parts 1–3

• AAALAC International, with

• More than 980 accredited units in 44 countries

• Applicable position statements and reference resources

• Relevant governmental legislation and regulatory updates

This second edition has been broadly expanded to address changes and provide a more thorough 
overview of the current complexity and extensiveness of the field. It is timely that the material in the 
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second edition be expanded and updated to reflect the advancements and new information both within 
and outside the United States.

The new features and expanded scope of the book will be highly beneficial to readers and practitioners 
as well as provide strong rationale for advancing the quality of animal welfare and science worldwide. 
The editors intend this book to be of the highest quality and surpass the much-deserved reputation of the 
first edition as a first-line management resource, and to continue to be a valuable seminal work for those 
engaged in all types of programs involving the management and administration of animal care and use 
programs.

The book consists of 36 chapters written by individuals with notable experience and expertise in the 
pertinent topical areas. They bring insights into emerging technologies and an appreciation for the needs 
of an international audience. Each chapter has been peer-reviewed and contains the latest information, 
resources, and reference materials from the scientific literature. Key revisions to the book include a new 
section on environment and housing, which contains chapters focused on the management considerations 
of housing and enrichment delineated by species; an enhanced narrative throughout the book of critical 
topics in program management, physical plant, animal health, and husbandry; and expanded coverage 
of regulatory compliance, assessment, and assurance processes. These topics are addressed and infor-
mation is provided about the impact of globalization and efforts to harmonize and build on cultural 
awareness initiatives around the world. Emphasis is given in new chapters on the development of a col-
laborative “culture of care” within an animal care and use program, and how behavioral management 
through animal training can play an integral role in a veterinary health program.

The overall goal of the book is to improve the reader’s ability to recognize, interpret, and adapt in a 
more complex and dynamically changing environment, as well as to provide a better understanding of 
engineering principles, the application of performance-based standards, and the valuable use of profes-
sional judgment. Ultimately, the book represents foundational information for managers and adminis-
trators to bridge the connection between quality science and quality animal care to the international 
audience. While the application of the information and principles contained within this book may vary 
among different managers, organizations, or specific countries, the editors hope the book provides strong 
advocacy for advancing and connecting animal welfare and science of the highest quality worldwide.

 The editors acknowledge and thank all the contributing authors and reviewers of the chapters for shar-
ing their time and expertise. We offer our sincerest thanks to Bonnie Hamalainen, MFA, for contribut-
ing her superb art design talents in creating the second edition text cover.

And a special tribute is given to Tim Allen who worked with the USDA’s Animal Welfare Information 
Center in Beltsville, MD for many years. Tim, who passed away suddenly at the end of 2016, was a 
remarkable human being and he will be truly missed. He thoroughly embraced and gave valuable sage 
advice in the development of the second edition text. Tim provided the tools and expertise in providing 
high-quality comprehensive literature searches for many of our second edition authors. Over the course 
of his career, he provided valuable information on improved animal welfare practices to numerous indi-
viduals on an international basis. Tim left an indelible mark on many people in the way they approached 
their research in the field of animal care and use. 

Royalties due the editors of Management of Animal Care and Use Programs in Research, Education, 
and Testing, Second Edition, will be donated to the following professional societies who have agreed to 
copublish the book:

American College of Laboratory Animal Medicine (ACLAM)

Canadian Association for Laboratory Animal Science (CALAS)

European College of Laboratory Animal Medicine (ECLAM)

International Association of Colleges of Laboratory Animal Medicine (IACLAM)

Institute for Animal Technology (IAT)

Japanese College of Laboratory Animal Medicine (JCLAM)

Korean College of Laboratory Animal Medicine (KCLAM)

Laboratory Animal Management Association (LAMA)
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Editors

Robert H. Weichbrod is the chief animal program administrator with the National Eye Institute of the 
National Institutes of Health in Bethesda, Maryland. Before this position, Dr. Weichbrod was responsi-
ble for managing laboratory animal resources for the U.S. Department of Defense’s Uniformed Services 
University of the Health Sciences. Dr. Weichbrod received his bachelor of science in zoology from the 
University of Maryland, master of business administration from Marymount University, and doctor of 
philosophy in public administration and policy from Walden University. His dissertation, providing an 
analysis of the care and use of laboratory animals in Department of Defense activities, is a seminal work 
that has been frequently cited during congressional hearings. Dr. Weichbrod earned his laboratory ani-
mal technologist certification from the American Association for Laboratory Animal Science (AALAS) 
and was a charter class graduate of AALAS’s Institute for Laboratory Animal Management.

Dr. Weichbrod’s distinguished career in animal care and use spans over 35 years. He has worked in 
positions ranging from an entry-level animal care technician (age 24) to animal program administrator. 
Dr. Weichbrod has served in a wide variety of leadership roles during his career, including AALAS 
president in 2000, member of the American Association for Accreditation of Laboratory Animal Care 
(AAALAC) International’s Council on Accreditation from 1997 to 2009, on its board of trustees from 
2010 to 2016, and currently as a member organization delegate for AAALAC International. Dr. Weichbrod 
has served as a vice president for the Institute of Animal Technology in England since 2002.

Dr. Weichbrod has authored more than 70 scientific, managerial, and technical articles pertaining to 
programs involving the effective care and use of animals in biomedical research, training, and education. 
He was the founding editor in chief and publisher of the Laboratory Animal Management Association’s 
(LAMA) journal the LAMA Review and coeditor of the book Management of Laboratory Animal Care 
and Use Programs (CRC Press 2001). He has served on numerous scientific advisory review committees 
and journal editorial boards. Dr. Weichbrod is an experienced and dedicated advocate for the welfare and 
responsible use of animals in research. He is committed to maximizing the outcomes of the biomedical 
research team, enabling increased knowledge of complex biological systems, resulting in health benefits 
for animals and people.

Among Dr. Weichbrod’s awards are AALAS’s Joseph J. Garvey Award and George R. Collins 
Award; LAMA’s William O. Umiker Memorial Award, U. Kristina Stephens Award, and Charles River 
Medallion; the Purina LabDiet Animal Technician of the Year Award; and the Award of Excellence from 
the U.S. Secretary of Defense.

Gail A. (Heidbrink) Thompson has been active in the laboratory animal science community since 
beginning her career at the University of Minnesota in 1966. She has held research positions at the 
University of Minnesota, at Emory University/Yerkes Regional Research Primate Center, and as 
director of animal resources at National Jewish Health in Denver, Colorado. She was a principal and 
cofounder of Britz-Heidbrink, Inc. (a manufacturing company for animal research facilities and zoo-
logical parks). She was the founder, owner, and president of Peak Animal Resources+, Inc. until her 
retirement in December 2014.

Along with her long career in laboratory animal science and zoological park facilities, Gail has been a 
dedicated volunteer in several associations that strive for the humane care of laboratory and captive ani-
mals through facility and housing improvement, education and training, and oversight and management. 
The associations include but are not limited to AAALAC International, trustee (2000–2016), delegate and 
board of directors (current); the American Association for Laboratory Animal Science (AALAS) since 
1973; the Laboratory Animal Management Association (LAMA), formed in 1983, founding member; the 
Institute of Animal Technology United Kingdom since 1989; and the Mile High Branch of AALAS since 
1977, founding member. Additional organizations in which she has participated include the American 
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Society of Primatologists, Canadian Association for Laboratory Animal Science, Scientists Center for 
Animal Welfare, Scandinavian Society for Laboratory Animal Science, International Conference on 
Environmental Enrichment, Association of Zoos and Aquariums, American Association of Zoo Keepers, 
and several branches of AALAS.

Significant activities or positions held include the honor of serving as president of AALAS in 2004 and 
holding committee appointments and leadership roles on most AALAS committees over the years. In 
1991, Gail initiated and developed the Institute for Laboratory Animal Management as a joint program 
for AALAS and LAMA. She served as a director and chair of the board of regents of the Institute for 
Laboratory Animal Management for 6 years and also as the editor of Tech Talk. Gail has been involved 
in the formation and continuation of the AAALAC International Fellowship Award since its conception 
in 2005. She has served as chair of the award selection committee since 2005. Additionally, she serves as 
a vice president of the Institute of Animal Technology and member of the President’s Advisory Group. 
She has served as president, treasurer, and program chair for LAMA.

Gail has authored, coauthored, or presented in more than 100 publications, platform presentations, and 
workshops. Several have been international, with presentations in the United Kingdom, Denmark, Brazil, 
Canada, and Australia, and for the Federation of European Laboratory Animal Science Associations.

She is a recipient of several awards, including Ralston Purina Animal Technician of the Year, George 
Collins Award (AALAS), Joseph Garvey Award (AALAS), Ulla Kristina Stephens Award (LAMA), 
Charles River Medallion, Wm. O. Umiker Award (LAMA), Roland Tibbetts Award (U.S. Small Business 
Administration), Manufacturing Legacy of the Year (University of Wyoming), and life memberships for 
AALAS, LAMA, and the Mile High Branch of AALAS.

Beyond her career activities, she has been active in community events, including serving as a mentor 
for science fair students; a board member on Wyoming’s Science, Technology and Energy Authority; 
and a distinguished lieutenant governor and club president for the Rocky Mountain District of Kiwanis 
International.

John N. Norton is the director of the Division of Laboratory Animal Resources, is a professor of pathol-
ogy, and serves as the attending veterinarian for all animal care and use activities at Duke University in 
Durham, North Carolina. He also serves as an adjunct professor of clinical sciences at North Carolina 
State University College of Veterinary Medicine. Prior to returning to academia, Dr. Norton served as a 
toxicologist and directed a laboratory animal resources organization in the private sector.

Dr. Norton received his bachelor of science degrees and doctor of veterinary medicine degree 
from North Carolina State University and his doctor of philosophy in pharmacology from Vanderbilt 
University. He is board certified through the American College of Laboratory Animal Medicine and the 
American Board of Toxicology.

Dr. Norton’s distinguished career in both toxicology and laboratory animal medicine spans over 
25 years. He has managed preclinical discovery and development projects, prepared regulatory dossiers 
for both domestic and international submissions, designed and managed complex animal facilities, and 
strived to optimize research outcomes while ensuring regulatory compliance of animal programs. In his 
roles in drug and biomedical device development, he has served as study director and/or manager in 
more than 150 preclinical pharmacology and safety studies in both the academic and private sectors. In 
his current position, he has developed a preclinical core capable of performing a wide variety of discov-
ery and developmental studies, including those requiring performance under good laboratory practice 
regulations.

Dr. Norton has served on numerous committees of professional organizations, such as the American 
College of Laboratory Animal Medicine, and he currently serves as a board member for the National 
Association for Biomedical Research. In addition, he serves on the board of directors for the North 
Carolina Association for Biomedical Research, including current service as the chair, and formerly 
served on the board of directors for the Texas Society for Biomedical Research. In addition, Dr. Norton 
served as a member of AAALAC International’s Council on Accreditation from 2004 to 2016, and as 
its president during 2013 to 2015. He currently serves as a council member emeritus for AAALAC 
International.
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Dr. Norton’s collaborative research focuses on extrinsic factors that may influence the animal research 
model, specifically in the area of noise and vibration. He has published via scientific, managerial, and 
technical articles and book chapters on a variety of topics, and he is a frequent reviewer of scientific arti-
cles and grant proposals. Dr. Norton is an advocate of ensuring animal welfare while focusing on quality 
research outcomes and translational research involving novel therapeutics and biomedical devices.
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1
Evolution of Laboratory Animal Program Management

James F. Taylor

The use of animals for research and teaching began many hundreds of years ago, wherein animal dis-
section provided education and training for scientists, medical students, and physicians. Such animal 
use coupled with human’s ownership and subsequent treatment of domesticated species eventually led 
to the creation of societies for the prevention of cruelty to animals; the Royal Society for the Prevention 
of Cruelty to Animals was the first one, created in the United Kingdom in 1824. The first national law 
addressing animal experimentation, the Cruelty to Animals Act, was passed in Britain in 1876.

Since that time, the presence of those societies and antivivisection and animal welfare organizations, 
and the passage of associated animal anticruelty laws throughout the hemispheres eventually formed the 
societal posture upon which laws, regulations, and standards evolved that now form the regulatory and 
oversight environment we now work under in our pursuit of knowledge through the humane and respon-
sible care and use of animals in biomedical research, education, and testing.

In 1947, the Laboratory Animal Bureau was formed in the United Kingdom. The initial directors were 
R. E. Glover and W. Lane-Petter. They recognized that there was no standardized education system for 
laboratory animal care providers, and without a standard education and training program, the quality 
of animal care and research studies would be inconsistent and variable. The bureau organized the first 
of several conferences for animal care personnel on April 20, 1948, at the Royal Veterinary College of 
London. Subsequent conferences were held all around the United Kingdom. The organizational meeting 
for the new Animal Technician Association (ATA) was held on August 27, 1949 (renamed the Institute of 
Animal Technology [IAT] in 1965). Under the chairmanship of Dr. W. Lane-Petter, the association was 
ratified on March 30, 1950. The actions to establish a certification program and branches, appoint journal 
editors, and elect officers were also ratified.

In the meantime, in the United States, the Animal Care Panel (ACP) was formed in the late 1950s by 
a group of veterinarians to facilitate the sharing of information regarding the management of research 
animal colonies. The ACP published several species standards, and in 1963 published the Guide for 
Laboratory Animal Facilities and Care (the first Guide). In conjunction with that publication, revised 
in 1965, the ACP’s Animal Facilities Certification Committee, later renamed the Animal Facilities 
Accreditation Board, became the American Association for Accreditation of Laboratory Animal Care 
(AAALAC) International. The ACP later became the American Association for Laboratory Animal 
Science (AALAS) in 1966. Thus, by 1965 we had in place the seminal nonregulatory entities (the Guide, 
AAALAC International, and AALAS) that continue to set the majority of the standards that are followed 
in the United States in pursuit of using animals in biomedical research, teaching, and testing.

Internationally, the United Kingdom passed the Medicines Act in 1968, largely in response to the 
thalidomide tragedy. Subsequently, the Animals (Scientific Procedures) Act (ASPA) was passed in 1986, 
and revised to comply with EU Directive 2010/63/E2 in 2012. The ASPA is enforced by the Home 
Office, which must issue specific licenses to individuals who design and perform animal procedures. 
Enforcement is based on establishment, project, and individual licenses; training requirements; ethical 
review of projects; and annual or more frequent inspections. Each establishment must also have at least 
one Named Animal Care and Welfare Officer (NACWO). The NACWO acts as an advocate for and pro-
vides advice on the welfare of animals being used under the project licenses.



4 Management of Animal Care and Use Programs in Research, Education, and Testing

The theft of pet dogs from backyards by animal dealers for sale to research laboratories led to startling 
articles in Sports Illustrated and Life magazines in 1965 and 1966, respectively, that served as the final 
stimulus for the U.S. Congress to vote on the Animal Welfare Act (AWA). Congressional hearings on the 
humane treatment of animals in experiments were first held in 1962, subsequent hearings were held in 
1965 and 1966, and the legislation passed in August 1966. The AWA was the first U.S. federal law that 
specifically regulates the care and use of animals in research; enforcement of the AWA was assigned to 
the U.S. Department of Agriculture (USDA).

The original law covered dogs and cats, nonhuman primates, rabbits, guinea pigs, and hamsters held 
by dealers or by research facilities prior to the conduct of studies. Animal dealers delivering dogs or cats 
across state lines to research facilities had to be registered. Research facilities were required to register 
only if they received federal funding.

The 1970 amendment to the AWA expanded species coverage to all warm-blooded animals, removed 
the requirement for interstate transport of the animals, added the need for the appropriate use of anes-
thetics and tranquilizers in experiments, and added minimal standards of care for research animals. The 
1976 amendment revised the standards for the transport of animals and expanded the definition of a 
carrier. Also, the U.S. Freedom of Information Act (FOIA), passed in 1966, received major amendments 
in 1974.

The next major amendment occurred in 1985. The USDA’s jurisdiction was enlarged to cover animal 
testing, as well as animals used in teaching. Regulations were established for exercising dogs and pro-
viding for the psychological well-being of nonhuman primates, designing studies to minimize pain and 
distress, and requiring scientists to consider alternatives to procedures causing pain or distress. Practices 
that were considered to be painful were defined, and animals could not be used in more than one recov-
erable operative procedure; however, exceptions were presented. The amendment mandated the creation 
of Institutional Animal Care and Use Committees (IACUCs) and listed their roles, composition, and 
responsibilities. The amendment also created the Animal Welfare Information Center (AWIC).

The 1990s’ amendments created a minimum holding period for dogs and cats in animal shelters des-
tined for sale to dealers and further required dealers to provide written background information about 
those animals to the buyers. Space and environmental condition requirements were also revised for 
guinea pigs, hamsters, rabbits, horses and other farm animals, and elephants, and dealers selling pocket 
pets were brought under the Animal and Plant Health Inspection Service’s (APHIS) jurisdiction.

Amendments since the 1990s have added housing and care requirements for marine mammals held in 
captivity, and have specified that only birds bred for research were to be covered under the AWA. The 
National Institutes of Health (NIH) adopted standards for housing chimpanzees held in federally funded 
sanctuaries and placed restrictions on the importation of dogs destined for research to only dogs with 
import permits.

USDA Animal Care (AC), a component of APHIS of the USDA, administers the AWA, and its inspec-
tors are required to inspect registered research facilities on an annual basis. They base their findings on 
the Animal Welfare Regulations (AWR). Per the AWA, the secretary (USDA) shall promulgate stan-
dards (AWR) to govern the humane handling, care, treatment, and transportation of animals by research 
facilities (as well as exhibitors and dealers). AC also publishes the Animal Care Policy Manual and 
the Animal Welfare Inspection Guide, which augment and specify how the AWR shall be enforced. 
Inspectors make unannounced visits to research facilities and inspect and review facilities, practices, 
and documentation regarding all regulated aspects of animal care and use at those facilities. The results 
of those visits, as well as facility annual reports, are now posted on the USDA website. AC also operates 
the Center for Animal Welfare and the Animal Care Emergency Programs, as well as enforces the Horse 
Protection Act.

The U.S. Public Health Service (PHS), a component of the Department of Health and Human Services 
(DHHS), through the NIH, the Food and Drug Administration (FDA), and the Centers for Disease 
Control and Prevention (CDC), provides the largest U.S. investment in biomedical research through the 
award of grants and contracts. In 1971, the NIH issued a policy on the humane care of laboratory ani-
mals. That policy required institutions using warm-blooded animals in NIH-funded projects to evaluate 
their facilities regarding the acceptable standards for the care, use, and treatment of those animals. In 
1985, the Health Research Extension Act (HREA) provided the statutory mandate for the publication 
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of the PHS Policy on Humane Care and Use of Laboratory Animals (PHS Policy). The secretary of 
the Department of Health, Education, and Welfare (now the DHHS), through the director of the NIH, 
via the NIH Office for Protection from Research Risks (OPRR) (now the NIH Office of Laboratory 
Animal Welfare [OLAW]), implemented the HREA. The act requires the proper care and treatment of 
the research animals, directing the appointment of an IACUC to semiannually review and document 
the institution’s program of animal care and treatment, identify any violations, and report those findings 
annually to the OPRR.

During that same year, in parallel with the release of the International Guiding Principles for 
Biomedical Research Involving Animals, the U.S. government adopted the Interagency Research 
Animal Committee publication “U.S. Government Principles for the Utilization and Care of Vertebrate 
Animals Used in Testing, Research, and Training” (U.S. Government Principles). The PHS Policy, pub-
lished in 1986, endorses the U.S. Government Principles and requires institutions receiving PHS fund-
ing for animal activities to use the Guide (last revised by the National Research Council [NRC] of the 
U.S. National Academy of Sciences in 2011; Guide for the Care and Use of Laboratory Animals [NRC 
Guide]) in developing and implementing their animal care and use program. The PHS Policy describes 
the assurance process; defines the roles and responsibilities of the IACUC, to include animal program 
and scientific protocol reviews; and requires proper training and access to a health program for person-
nel having animal contact. It also requires compliance with applicable USDA regulations, and describes 
the annual reporting requirements. Compliance with PHS Policy is administered by OLAW through 
a self-reporting, self-correcting program, with a minimum of for-cause inspections by OLAW staff. 
Institutions are required to inform the OLAW of noncompliant issues, with subsequent written reports 
when the institution has implemented corrective actions that are designed to preclude such incidents 
from occurring in the future.

The Guide for Laboratory Animal Facilities and Care, published by the ACP in 1963, was first revised 
in 1965 and renamed the Guide for the Care and Use of Laboratory Animals (NRC Guide). The 1965 
revision, and subsequent editions, was published by the Institute for Laboratory Animal Resources 
(ILAR) (now known as the Institute for Laboratory Animal Research), a component of the NRC of the 
National Academy of Sciences, in conjunction with the NIH. Pursuant to National Academy practices, 
panels of laboratory animal science experts were appointed to committees to create revisions to the NRC 
Guide. In 1985, the ILAR published the sixth edition of the Guide. That particular edition reflected the 
significant regulatory changes that were brought about by the 1985 AWR amendments and the newly 
published PHS Policy. The Guide was last revised in 2011, resulting in the eighth edition of that publica-
tion. The last two editions reflected the growing practice of the application of performance standards 
(in comparison with the previous use of engineering standards), as well as recognition of professional 
judgment by providers and users to achieve compliance with the recommendations enunciated in the 
Guide. The Guide has become an internationally recognized reference on the care and use of animals in 
biomedical research.

AAALAC International is a private, nonprofit accrediting organization that provides peer-reviewed 
assessments of institutional animal care and use programs. AAALAC International was founded in 1965. 
Accreditation by AAALAC International is voluntary and thus is not a regulated endeavor. AAALAC 
International began as the American Association for Accreditation of Laboratory Animal Care and 
became international in the mid-1990s. There are now more than 980 institutions accredited in greater 
than 44 countries. AAALAC International uses the NRC Guide, the Federation of Animal Science 
Societies’ Guide for the Care and Use of Agricultural Animals in Research and Teaching (Ag Guide), 
and the European Convention for the Protection of Vertebrate Animals Used for Experimental and Other 
Scientific Purposes, Council of Europe (European Treaty Series 123) as its three primary standards to 
evaluate animal care and use programs. The PHS Policy recognizes AAALAC International accredita-
tion as evidence that an assured institution is in compliance with the recommendations enunciated in the 
NRC Guide. AAALAC International performs site visits to accredited units every 3 years to reevaluate 
their programs and reassure their compliance with the standards, as applicable, mentioned above.

Training of research, veterinary, and animal care staff members is a requirement of the regulations 
and standards. The USDA AWR require training programs that, at a minimum, include instruction on 
humane animal care and experimentation; research and testing methods that minimize or eliminate the 
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use of animals or limit animal pain or distress; use of the information service at the National Agricultural 
Library (AWIC), established under a subsection of the regulations; and methods wherein deficiencies in 
animal care and treatment should be reported.

The Guide calls for personnel to receive training or have the experience to complete the tasks for 
which they are responsible, as well as to regularly participate in continuing education activities. AALAS 
provides the AALAS Learning Library (ALL), an online educational resource with curriculum topics 
for technicians, veterinarians, IACUC members, and research personnel. AALAS, in conjunction with 
the Laboratory Animal Management Association (LAMA), has offered laboratory animal manage-
ment education through the Institute for Laboratory Animal Management (ILAM) since 1992. The 
LAMA is an international membership organization “… dedicated to advancing the quality of manage-
ment and care of laboratory animals throughout the world.” LAMA provides a quarterly management 
publication and training sessions, and holds an annual meeting. Laboratory Animal Welfare Training 
Exchange (LAWTE) is a membership organization that generates training materials for use by trainers 
and sponsors seminars and webinars for animal care and use staff members. In addition, there are a 
number of college-level programs that offer 2-year associate of science degrees or 4-year bachelor of 
science degrees in veterinary technology. The Scientists Center for Animal Welfare (SCAW) is a mem-
bership organization that provides educational resources in support of humane animal care and use in 
the research environment. Those resources include conferences, workshops, publications, and training 
materials.

AALAS has developed certification programs for laboratory animal technicians that confer recog-
nition of an individual’s experience and knowledge: the three levels of certification include the assis-
tant laboratory animal technician, laboratory animal technician, and laboratory animal technologist. 
AALAS sponsors a voluntary registry continuing education program wherein certified technicians 
or technologists are recognized as having stayed current in the field of animal science. AALAS also 
sponsors (in conjunction with the Institute for Certified Professional Managers) a certification program 
for managers in laboratory animal science positions, wherein they can become a Certified Manager of 
Animal Resources. In addition, AALAS and LAMA sponsor an on-site educational program for tech-
nicians, technologists, and managers entitled the Institute for Laboratory Animal Management. That 
program offers instruction in management concepts and provides communications, team building, and 
networking opportunities for attendees.

Internationally, the oldest (founded in 1950) education and training program offered for animal care 
and/or technical personnel is provided by the IAT. The IAT offers programs, certifications, and reg-
istry for several levels of technicians, technologists, and NACWO licensees. Additionally, they offer 
a  government-recognized 4-year college education program. The IAT education and certification pro-
grams are used and recognized by several European and Scandinavian countries and India.

The American Veterinary Medical Association (AVMA) is a professional membership organization 
for veterinarians engaged in private, corporate, government, academic, and uniformed services prac-
tices. The AVMA is governed by a house of delegates, which includes 70 members from state, territo-
rial, and allied veterinary organizations. Among those allied organizations is the American Society of 
Laboratory Animal Practitioners (ASLAP). ASLAP is the only organization that represents laboratory 
animal veterinarians within the AVMA. ASLAP provides support for educational activities and advo-
cacy for veterinary involvement in humane animal care and use in research endeavors. The AVMA’s 
American Board of Veterinary Specialties (ABVS) recognizes specialty organizations that meet ABVS 
standards for board certification of veterinarians (diplomates) in a specialized field of veterinary medi-
cine. Among the 22 AVMA-recognized specialties is the American College of Laboratory Animal 
Medicine (ACLAM). ACLAM currently has greater than 975 active diplomates engaged in support of 
the responsible and appropriate care and use of animals in research. Those diplomates provide clinical 
and management expertise to the myriad species used in research, participate in IACUC deliberations 
of research protocols, and serve as subject matter experts to both institutional officials and research 
investigators.

In the United Kingdom, the Laboratory Animals Veterinary Association (LAVA), founded in 1963, 
formerly the British Laboratory Animal Veterinary Association, is made up of veterinary surgeons and 
students from the United Kingdom and elsewhere who are interested in laboratory animal medicine and 

www.ebook3000.com

http://www.ebook3000.org


7Evolution of Laboratory Animal Program Management

science. Many members act as named veterinary surgeons under ASPA in a full- or part-time capacity. 
Vets working in academic, drug discovery, commercial, and contract research environments are rep-
resented as clinicians or in other aspects of the care and use of animals in biomedical research. LAVA 
promotes best practice and the dissemination of new technologies through its biannual meetings and 
other avenues. It represents laboratory animal veterinarians at the national and international level when 
needed for discussions and decision making on laboratory animal law, welfare, ethics, transport, tech-
niques, and disease.

Internationally, the Japanese College of Laboratory Animal Medicine was formed in 1999; the 
European Society of Laboratory Animal Veterinarians and the European College of Laboratory Animal 
Medicine were formed in 1996 and 2000, respectively; and in 2006, the Korean College of Laboratory 
Animal Medicine was formed. Their missions and functions are similar to those described above for 
ASLAP and ACLAM. The International Association of Colleges of Laboratory Animal Medicine pro-
vides a communication platform for those colleges and promotes the responsible use of laboratory ani-
mals through the certification of veterinary specialists.

In 1959 in the United Kingdom, W. M. S. Russell and R. L. Burch published The Principles of Humane 
Experimental Technique. That publication arose from an initiative generated in the mid-1950s by the 
Universities Federation for Animal Welfare (UFAW). That book espoused the principles of replacement, 
reduction, and refinement (the 3Rs) as steps scientists could apply to improve the welfare of research 
animals.

The creation of IACUCs brought a regulatory and oversight presence down to the local (institutional) 
level. The IACUCs are empowered by both regulatory (AWR and PHS Policy) and standards-driven 
(Guide) requirements to proactively oversee the care and use of animals in research, testing, and educa-
tion on a continuing basis. The members, to include (at a minimum) an individual not affiliated with the 
institution, a scientist involved in animal studies, and a veterinarian with delegated program authority, 
have defined responsibilities: review and approval of research protocols (prior to the conduct of studies); 
assessment of the training and occupational safety and health of personnel involved in animal activities; 
at least semiannual review of the institutions’ animal care and use program components, as well as physi-
cal inspection of the animal facilities and animal activity areas where animal procedures are performed; 
investigation of alleged noncompliant actions by staff involved in animal activities; and communication 
of their activities to institutional officials. The presence of the IACUC brought oversight and implemen-
tation of compliance monitoring and enforcement to the very local level. Such IACUC oversight and 
review activities permitted assessment and judgment to be applied by individuals with direct familiarity 
and understanding of the animal activities performed by the research staff, enabling the application of 
professional judgment and performance standards enunciated in the Guide.

There are a few international organizations that have maintained prominence in global laboratory 
animal science.

The Council for International Organizations of Medical Sciences (CIOMS) is an international, nongov-
ernmental, nonprofit organization established jointly by the World Health Organization (WHO) and the 
United Nations Educational, Scientific and Cultural Organization in 1949. Starting in the early 1980s, the 
CIOMS developed the International Guiding Principles for Biomedical Research Involving Animals. In 
1985, the executive secretary of CIOMS stated, “In elaborating and publishing the International Guiding 
Principles the objective of CIOMS is not to duplicate such national regulations or voluntary codes as 
already exist but to provide a conceptual and ethical framework, acceptable both to the international 
biomedical community and to moderate animal welfare groups, for whatever regulatory measure each 
country or scientific body chooses to adopt in respect of the animals used for scientific purposes.” At the 
time of their release in 1985, those principles were fully endorsed by the European Medical Research 
Councils and the WHO Advisory Committee on Medical Research.

The International Council for Laboratory Animal Science (ICLAS) is a scientific membership organi-
zation promoting the ethical care and use of laboratory animals. Membership categories include national 
(countries), scientific and union, institutional, associate, and affiliate members. ICLAS was formed in 
1956 (initially known as the International Committee on Laboratory Animals; renamed ICLAS in 1979). 
ICLAS collects and disseminates information on laboratory animal science, fosters harmonization of 
policies and practices, and promotes international collaboration of animal care and use.
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In 2012, an ad hoc committee cochaired by CIOMS and ICLAS revised the International Guiding 
Principles. In 2013, the OLAW ruled that institutions outside the United States that receive PHS funding 
are required to have a foreign assurance that commits the institutions to following the revised guiding 
principles.

The Federation of European Laboratory Animal Science Associations (FELASA) is a membership 
organization open to laboratory animal science organizations of Europe and beyond. FELASA has pub-
lished numerous internationally recognized guidelines, recommendations, and position statements and 
continues to host triennial international congresses. FELASA also sponsors an accreditation program for 
education and training programs for individuals who perform any of the four functions (animal care, car-
rying out animal procedures, designing animal procedures and projects, and killing animals) outlined 
in EU Directive 2010/63.

While the practices and equipment related to animal care and use have become extremely sophisticated 
and significantly refined, there remain detractors to the animal research enterprise. Those organizations 
continue to voice their opposition to the use of animals in research through public demonstrations, lob-
bying efforts to support legislation opposing or limiting the scope of animal research, antivivisection 
advertisements, and attempting to use internal institutional document material (obtained through FOIA 
requests for federally funded organizations or state sunshine laws) to embarrass or demand regulatory 
investigations at institutions where noncompliant activities were alleged to have occurred. Members 
of a small number of these organizations conduct illegal acts of violence or terrorism against institu-
tional facilities or individuals to demonstrate their objections to the use of animals in research. Several 
arrests of individuals committing acts objecting to the use of animals in research have been made, 
in accordance with the 2006 amendment to the 1992 U.S. Animal Enterprise Terrorism Act. Among 
the more active detractors are the Animal Legal Defense Fund (ALDF), the Animal Liberation Front 
(ALF), Cruelty Free International (previously called the British Union for the Abolition of Vivisection 
[BUAV]), the Humane Society of the United States (HSUS), In Defense of Animals (IDA), the National 
Anti-Vivisection Society (NAVS), the New England Anti-Vivisection Society (NEAVS), People for the 
Ethical Treatment of Animals (PETA), the Physicians Committee for Responsible Medicine (PCRM), 
and Stop Animal Exploitation Now (SAEN).

The relative explosion of electronic technology over the past couple decades has amplified and made 
possible almost instantaneous communications and data sharing among individuals and organizations. 
The Internet, and the associated hardware and software supporting it, has literally erased international 
borders and brought knowledge and social interchange to practically all the world’s population. While 
the overwhelming majority of that interchange is positive and productive, persons or organizations that 
either disagree with or oppose the use of animals in research can easily reach a practically unlimited 
number of recipients. Posting information and opinions and/or photo and video on the Internet (or unso-
licited e-mails) is a practically unhindered activity, as there are essentially no “filters” or a priori reviews 
of that information, other than establishing a log-in name and password. The social media websites 
enjoying the greatest popularity at present include Facebook, Google, Instagram, Twitter, and YouTube.

Conclusion

As noted above, the care and use of animals in biomedical research has a long and somewhat complex 
and involved history. The training and experience of animal care staff and the veterinary specialists 
engaged in supporting these research endeavors has grown in leaps and bounds to keep up with the 
explosive growth of sophistication in the technology of facilities and equipment paralleling the advance-
ment of scientific techniques and procedures. The remaining chapters of this book will greatly expand 
on the management and implementation of the myriad activities carried out on behalf of the biomedical 
research enterprise.
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2
Culture of Care: Organizational Responsibilities

Marilyn J. Brown, Camellia Symonowicz, Leticia V. Medina, Natalie A. Bratcher, 
Cindy A. Buckmaster, Hilton Klein, and Lynn C. Anderson

Introduction

Animal use in research has contributed significantly to advances in science and medicine, and the role 
of laboratory animal professionals in this process is pivotal (AALAS 2001; Medina 2008). While it is 
desirable to use alternatives to live animals for this process, the use of animals continues to be neces-
sary to protect human and animal health and the environment (EU 2010). To preserve the privilege 
to use animals in research, a strong program of animal care and use becomes important for several 
reasons: regulatory compliance, quality of scientific results, addressing public sensitivities, manag-
ing staff sensitivities, and moral obligations to the animals themselves. Regulations impacting on 
the care and use of research animals are covered in greater detail elsewhere in this text. The most 
commonly referenced regulatory standards include the Guide for the Care and Use of Laboratory 
Animals (Guide) (recognized internationally as setting standards for animal care and use), European 
Union (EU) Directive 2010/63/EU, and the World Organization for Animal Health (OIE). The Guide 
states that “all who care for, use, or produce animals for research, testing or teaching must assume 
responsibility for their well-being,” and that “both researchers and institutions have affirmative duties 
of humane care and use” of research animals, which is later defined as “those actions taken to ensure 
that laboratory animals are treated according to high ethical and scientific standards” (NRC 2011). 
The Guide further states that “it is the institution’s responsibility to put into place policies, procedures, 
standards, organizational structure, staffing, facilities, and practices to ensure the humane care and use 
of laboratory animals throughout the institution” (NRC 2011). The EU Directive states that animals 
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have intrinsic value that must be respected and that “animal welfare considerations should be given the 
highest priority … that each use is carefully evaluated,” and that principles of replacement, reduction, 
and refinement (the 3Rs) should be considered systematically when using animals in research (EU 
2010). The OIE, comprised of more than 170 member countries, has eight guiding principles on animal 
welfare outlined in its Animal Health Code. These principles also support incorporation of the 3Rs 
and state “that the use of animals carries with it an ethical responsibility to ensure their welfare to the 
greatest extent practicable” (OIE 2008).

Biomedical progress depends, fundamentally, on scientific excellence, which is dependent on qual-
ity animal care (Ad Hoc Committee to Revise the International Guiding Principles 2012; Friese 2013). 
The provision of excellent care also addresses some of the ethical and moral concerns of the general 
public regarding the use of animals in research. Animal care and use carries with it the responsibility 
to ensure that high ethical and scientific standards (NRC 2011) are met, and the public is reassured by 
knowing how much effort is expended by animal caregiving staff on behalf of the animals, to adhere 
to the intent as well as the scope of the laws that protect research animals (Medina 2008; EU 2010; 
Coleman 2011). Strong animal care and use programs also address the sensitivities of staff, who often 
choose careers in animal research because of their love and compassion for animals (Coleman 2011; 
Davies and Horst 2015).

Institutional culture influences the productivity and performance of many enterprises (Simone 2009; 
Ng’ang’a and Nyongesa 2012; Uddin et al. 2013), and cultures that promote caring for the animals and 
people supporting animal care and use programs can provide a basis for an exceptional animal care and 
use program. This culture, often referred to as the “culture of caring” or “culture of care,” promotes com-
passion and respect for laboratory animals and the people who work with them. In discussing a “strong 
culture” at a successful large technology company, Kunda focuses on the “self-conscious and tireless 
celebration of the company’s strong culture—one in which employees are creative, committed, entrepre-
neurial, independent, and moral.” This involves not only employees’ intellectual skills and physical pres-
ence, but also their emotions, moral sense, and personal loyalties (Kunda 2006). Care is less something 
to be rigidly defined than a style of thinking. It “directs attention to what was once rendered invisible 
within scientific research … as opposed to the calculable and controllable” (Mol et al. 2010). Davies and 
Horst (2015) write about the relationship between “craft” (or skills) and “care” and reflect on the poten-
tial implications of the promotion of a culture of care in a research setting. They propose a model of craft 
as a caring practice “which brings together skill, a focus on utility or purpose and a particular emotional 
orientation (care, passion and commitment).” In their analysis of numerous research labs globally, they 
found that “a happy group was understood as a productive one,” and the strongest leaders accommodated 
different individuals and viewed treating people well as vital, “both because it is the right thing to do and 
because it is, ultimately, good for science.”

A culture of care goes beyond being compliant with applicable rules and regulations and strives to 
meet the full intent of established rules and regulations—excellent animal welfare and reproducible 
scientific results. Many of the laws and guidelines surrounding animal care and use allow for the use of 
professional judgment (Klein and Bayne 2007). This should not be interpreted to support a minimalistic 
approach that just meets the letter of the law, but instead should be applied to working with animals in a 
manner that strives to provide the best possible care for the animals, thus producing the highest-quality 
scientific results (Medina 2008). A culture of care often starts with an institutional mission and value 
statement that clearly states the institution’s commitment to the humane care and use of animals (Phanuel 
Kofi Darbi 2012). This mission statement frequently refers to the advancement of knowledge, the devel-
opment of life-saving procedures and drugs, improving the quality of life for humans and animals, or 
some similar goal. The corresponding value statement, often referred to as “core values,” articulates the 
institution’s commitment to animal welfare, the humane care and use of laboratory animals, and/or the 
implementation of the 3Rs. Examples include

• “[Our Institution] is committed to the humane care of the research animals we produce and work 
with in all of our activities” (http://www.criver.com/about-us/humane-care/best-practices).

• “We are committed to reducing our reliance on animal testing methods, and promoting 
the development, validation and use of non-animal testing models. [The Institution] requires 
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that where animals have been or may be used for research or testing, that we abide by the 
principles of the 3Rs of animal research” (http://www.bms.com/sustainability/environmental 
_performance/Pages/product_stewardship.aspx).

• “[Our Institution] is committed to ensuring the humane care and use of laboratory animals in 
the company’s research and development programs. We recognize that high quality science 
and humane animal care are inseparable. In addition to complying with applicable legisla-
tion and regulations, [Our Institution’s] laboratory animal research programs and facilities aim 
to exceed regulatory agency standards” (http://www.abbvie.com/responsibility/transparency 
-policies/home.html#).

A culture of care usually includes

• Strong institutional commitment to provide the resources and leadership necessary, such as 
ongoing communication from management that reinforces the commitment to animal welfare 
for all institutional stakeholders (scientists, technicians, shareholders, and the public)

• Creation of an environment where staff feel empowered to come forward with any concerns 
or suggestions they have to improve the animal care and use program and that respects and 
nurtures staff compassion

• Mechanisms to support open communications on all aspects of the program

• A well-defined program of training on aspects of animal care and use, including ethics for all 
employees (from animal care technicians to top research scientists) and mechanisms to ensure 
competency

• Programs that recognize excellence in animal care and use

• Empowerment of animal welfare oversight committees, such as the Institutional Animal Care 
and Use Committee (IACUC), Ethics Committees (ECs), and Animal Welfare Bodies (AWBs)

• Commitment to, and proactive implementation of, the 3Rs

The productivity of any enterprise is, ultimately, dependent on the culture established to drive its suc-
cess (Kunda 2006). Biomedical advances in a research culture are a significant aspect of their measure of 
productivity, and as a result, these advances continue to improve and save human and animal lives. There 
are still many unmet medical needs for both people and animals. Therapeutic discoveries are necessary 
to address these various diseases and disorders. The research community cannot provide the cures and 
treatments needed without collecting scientific data in both preclinical animal studies and human clini-
cal trials, which both must adhere to high scientific and ethical standards as described in good laboratory 
practice (GLP) and good clinical practice (GCP) regulations, respectively (FDA 2001). The miracles of 
tomorrow depend on ongoing innovations in biomedical research progress today (Brouwers et al. 2011). 
Caring for research animals can present a variety of emotional challenges for research and laboratory 
animal professionals (AALAS 2013); however, a strong culture of care that supports the overall well-
being of all the animals and people involved in biomedical discovery may drive productivity in unprec-
edented ways.

This chapter elaborates on the important components described above, providing examples and sug-
gestions for how a culture of care can be incorporated into any animal care and use program, regardless 
of size or scientific mission.

Organizational Commitment

A commitment to animal welfare starts with the institutional leadership. Institutional leaders include 
officers of a company, academic administrators, managers, faculty, and any others having organizational 
leadership responsibilities. Leaders of programs in which animals are used must be able to articulate the 
commitment to animal welfare and be able to discuss it with both internal and external stakeholders. 
Institutional leaders should also seek opportunities to reinforce the messages supportive of a culture of 
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care, for example, through staff meetings, “all hands” meetings, and video messaging. If institutional 
leaders stress the importance of animal welfare as part of the overall institutional culture they support, 
other employees, be they management or technicians, will understand the importance of demonstrating 
this commitment in their work at the institution. Institutional leaders should also convey that activities 
that are not in keeping with the institution’s values and culture of care will not be tolerated (Albanese et 
al. 2015). Based on relevant animal care and use job responsibilities, it is good management practice for 
an employee’s commitment to animal welfare to be assessed as part of his or her performance review, so 
the importance of this commitment is emphasized and formally recognized as part of the institutional 
culture (Meehan et al. 2008; Phanuel Kofi Darbi 2012).

A commitment to animal welfare should be applied to all species of animals, regardless of their 
intended use for research, teaching, testing, or production or inclusion in regulations and standards. This 
commitment is often articulated in a short value statement, mentioned earlier, which should be something 
that resonates with all employees (including management) involved in animal work, as well as those 
employees who may be involved in other aspects of the institution’s work (ancillary support staff such as 
receptionists, administrative assistants, janitorial and grounds staff, and facilities engineers). This value 
statement should be something that all employees can refer to when discussing their employment with 
others. The message of the value statement can be reinforced by displaying it prominently in areas, such 
as the institutional website, institutional handbooks, and facilities where animals are housed. This display 
makes the institution’s commitment clear not only to employees but also to visitors and regulators.

An institution can demonstrate its commitment to animal welfare and a culture of care in a variety of 
ways, depending on the size and scope of the institution. Some large institutions employ staff specifically 
dedicated to the ongoing support and enhancement of the culture of care (Albanese et al. 2015; Bratcher 
and Reinhard 2015). Support for committees that work to enhance environmental enrichment and nor-
mal animal behavior is another way institutions can demonstrate their commitment to animal welfare. 
Committees, dedicated personnel, or other initiatives that foster implementation of alternatives, also 
known as the 3Rs (covered later in this chapter), are also important aspects of a culture of care (James 
et al. 1995; Medina 2008). Strong support for training initiatives, including the recruitment and develop-
ment of highly competent trainers and providing adequate time for initial training and reinforcement 
training, is another key aspect of institutional support. Institutional support for training should include 
not only internal training but also support for continuing education at professional meetings for various 
stakeholders, such as technicians, veterinarians, IACUC members, and managers.

The IACUC, EC, AWB, or comparable internal animal welfare oversight body can also influence the 
culture of care and help ensure animal welfare, sound science, implementation of the 3Rs, and regula-
tory compliance (Coleman 2011). As such, this committee should be strongly supported by the institu-
tion. Other ways an institution can show its support for a quality animal care program and a culture of 
care include involvement in professional organizations such as the American Association for Laboratory 
Animal Science (AALAS) or similar organizations in the institution’s country, involvement in AAALAC 
International, and supporting internal research efforts and publications in the areas of animal welfare 
and the 3Rs. Support for recognition programs can also be powerful and should start at the top and 
include all levels of management.

Having key institutional leaders involved in recognition events is just one way of demonstrating an insti-
tutional commitment to a culture of care (Saunderson 2004). In addition, institutions should provide support 
for staff experiencing difficulty, which can be inherent when compassionate individuals are involved in tasks 
such as euthanasia (Herzog 2002). Management should ensure that staff who work with animals are given 
high regard in the institutional framework, to acknowledge the importance of the challenging work they do 
in support of ethical biomedical research. Last, since senior leaders (institutional officials, IACUC chairs, 
and others) play critical roles in establishing organizational culture, consideration should be given to suc-
cession planning that will help ensure future leaders who will maintain a culture of care (Valentine 2012).

There are several internationally accepted guidelines and principles that can serve as a foundation 
when developing or assessing an organization’s culture of care. One example is the CIOMS-ICLAS 
International Guiding Principles (Table 2.1) (Ad Hoc Committee to Revise the International Guiding 
Principles 2012). Another reference is the Five Freedoms (Table 2.2) created by the Bramble Commission 
in the United Kingdom in 1955 (Mellor 2016).
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TABLE 2.1

CIOMS-ICLAS Principles: International Guiding Principles for Biomedical Research Involving Animals, 
December 2012

The following principles should be used by the international scientific community to guide the responsible use of 
vertebrate animals in scientific and/or educational activities.

 I. The advancement of scientific knowledge is important for improvement of human and animal health and welfare, 
conservation of the environment, and the good of society. Animals play a vital role in these scientific activities and 
good animal welfare is integral to achieving scientific and educational goals. Decisions regarding the welfare, care, 
and use of animals should be guided by scientific knowledge and professional judgment, reflect ethical and societal 
values, and consider the potential benefits and the impact on the well-being of the animals involved.

 II. The use of animals for scientific and/or educational purposes is a privilege that carries with it moral obligations and 
responsibilities for institutions and individuals to ensure the welfare of these animals to the greatest extent possible. 
This is best achieved in an institution with a culture of care and conscience in which individuals working with 
animals willingly, deliberately, and consistently act in an ethical, humane and compliant way. Institutions and 
individuals using animals have an obligation to demonstrate respect for animals, to be responsible and accountable 
for their decisions and actions pertaining to animal welfare, care and use, and to ensure that the highest standards 
of scientific integrity prevail.

 III. Animals should be used only when necessary and only when their use is scientifically and ethically justified. The 
principles of the Three Rs—Replacement, Reduction and Refinement—should be incorporated into the design and 
conduct of scientific and/or educational activities that involve animals. Scientifically sound results and avoidance of 
unnecessary duplication of animal-based activities are achieved through study and understanding of the scientific 
literature and proper experimental design. When no alternative methods, such as mathematical models, computer 
simulation, in vitro biological systems, or other nonanimal (adjunct) approaches, are available to replace the use of 
live animals, the minimum number of animals should be used to achieve the scientific or educational goals. Cost 
and convenience must not take precedence over these principles.

 IV. Animals selected for the activity should be suitable for the purpose and of an appropriate species and genetic 
background to ensure scientific validity and reproducibility. The nutritional, microbiological, and general health 
status as well as the physiological and behavioral characteristics of the animals should be appropriate to the 
planned use as determined by scientific and veterinary medical experts and/or the scientific literature.

 V. The health and welfare of animals should be primary considerations in decisions regarding the program of 
veterinary medical care to include animal acquisition and/or production, transportation, husbandry and 
management, housing, restraint, and final disposition of animals, whether euthanasia, rehoming, or release. 
Measures should be taken to ensure that the animals’ environment and management are appropriate for the species 
and contribute to the animals’ well-being.

 VI. The welfare, care, and use of animals should be under the supervision of a veterinarian or scientist trained and 
experienced in the health, welfare, proper handling, and use of the species being maintained or studied. The 
individual or team responsible for animal welfare, care and use should be involved in the development and 
maintenance of all aspects of the program. Animal health and welfare should be continuously monitored and 
assessed with measures to ensure that indicators of potential suffering are promptly detected and managed. 
Appropriate veterinary care should always be available and provided as necessary by a veterinarian.

 VII. Investigators should assume that procedures that would cause pain or distress in human beings cause pain or 
distress in animals, unless there is evidence to the contrary. Thus, there is a moral imperative to prevent or 
minimize stress, distress, discomfort, and pain in animals, consistent with sound scientific or veterinary medical 
practice. Taking into account the research and educational goals, more than momentary or minimal pain and/or 
distress in animals should be managed and mitigated by refinement of experimental techniques and/or appropriate 
sedation, analgesia, anesthesia, nonpharmacological interventions, and/or other palliative measures developed in 
consultation with a qualified veterinarian or scientist. Surgical or other painful procedures should not be performed 
on unanesthetized animals.

 VIII. Endpoints and timely interventions should be established for both humane and experimental reasons. Humane 
endpoints and/or interventions should be established before animal use begins, should be assessed throughout the 
course of the study, and should be applied as early as possible to prevent, ameliorate, or minimize unnecessary and/
or unintended pain and/or distress. Animals that would otherwise suffer severe or chronic pain, distress, or 
discomfort that cannot be relieved and is not part of the experimental design, should be removed from the study 
and/or euthanized using a procedure appropriate for the species and condition of the animal.

(Continued)
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Designing a Culture of Care

In addition to a succinct institutional value statement, how an institution embraces the importance of 
animal-based research, embodies a commitment to compassion and respect, and shares this both within 
the organization and outside the organization also defines its culture of care. The structure of a program 
helps define responsibility and expectations and can create an environment where teamwork toward a 
common goal—that of animal welfare and quality science—can thrive. This environment creates a sup-
portive workplace where compassion, recognition of the importance of the human–animal bond, and 
respect are a focus. Caring environments support open communication about all aspects of the culture of 
care, and ensure that all staff are appropriately trained and competent, and that excellence is recognized 
and rewarded. In this way, the core values of the culture are reinforced continually, ensuring ongoing 
assessment of activities and supporting improvements, including opportunities for more fully imple-
menting the principles of the 3Rs.

TABLE 2.1 (CONTINUED)

CIOMS-ICLAS Principles: International Guiding Principles for Biomedical Research Involving Animals, 
December 2012

 IX. It is the responsibility of the institution to ensure that personnel responsible for the welfare, care, and use of animals 
are appropriately qualified and competent through training and experience for the procedures they perform. 
Adequate opportunities should be provided for ongoing training and education in the humane and responsible 
treatment of animals. Institutions also are responsible for supervision of personnel to ensure proficiency and the use 
of appropriate procedures.

 X. While implementation of these Principles may vary from country to country according to cultural, economic, 
religious, and social factors, a system of animal use oversight that verifies commitment to the Principles should be 
implemented in each country. This system should include a mechanism for authorization (such as licensing or 
registering of institutions, scientist, and/or projects) and oversight which may be assessed at the institutional, 
regional, and/or national level. The oversight framework should encompass both ethical review of animal use as well 
as considerations related to animal welfare and care. It should promote a harm–benefit analysis for animal use, 
balancing the benefits derived from the research or educational activity with the potential for pain and/or distress 
experienced by the animal. Accurate records should be maintained to document a system of sound program 
management, research oversight, and adequate veterinary medical care.

Source: Ad Hoc Committee to Revise the International Guiding Principles, CIOMS International Guiding Principles for 
Biomedical Research Involving Animals, 2012, retrieved April 4, 2016, from https://grants.nih.gov/grants/olaw 
/Guiding_Principles_2012.pdf.

TABLE 2.2

Five Freedoms, December 1979

 1. Freedom from thirst, hunger and malnutrition—by providing ready access to fresh water and a diet to maintain full 
health and vigour.

 2. Freedom from discomfort and exposure—by providing an appropriate environment including shelter and a 
comfortable resting area.

 3. Freedom from pain, injury or disease—by prevention or rapid diagnosis and treatment.

 4. Freedom from fear and distress—by ensuring conditions and treatment which avoid mental suffering.

 5. Freedom to express normal behaviour—by providing sufficient space, proper facilities and company of the animal’s 
own kind.

Source: Mellor, D.J., Animals (Basel), 6(10): (Article 59) 1–7, 2016.
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Key Characteristics of a Culture of Care

Structure

Many individuals contribute to the creation of a culture of care. As previously stated, it is very useful to 
have informed, engaged senior leadership set the tone for the commitment to animal welfare (Albanese 
et al. 2015). Additional key staff include managers, veterinary staff, husbandry caregivers, research 
technicians, scientists, and the local animal welfare oversight body (IACUC, ECs, AWBs, etc.). These 
positions have unique and shared responsibilities for ensuring animal welfare. Clearly understood expec-
tations, open communication, and teamwork are key to functionality. For example, the establishment and 
implementation of setting humane endpoints illustrates how this can work. During review of a proto-
col, the animal welfare oversight body discusses the impacts of the proposed study on animal welfare, 
including strategies that will be used to minimize pain and/or distress. Through interaction with site 
veterinary staff and the scientist, plans of action are developed. Including research and husbandry tech-
nicians as part of the team in this discussion, since they are often at the forefront of identifying adverse 
effects on animals and also often the ones who will carry out many of the treatment and supportive care 
strategies, helps promote a robust plan. Team meetings, prior to the start of a study, help ensure that the 
plan is well understood by all who will be involved in the study. Intervention points, be they treatment, 
supportive care, or euthanasia, can be discussed and understood so as to avoid unnecessary delays in the 
implementation of the intervention plan. Committees may also be used to establish policies and proce-
dures relating to animal welfare since different perspectives can lead to a more informed process and 
encourage buy-in by the various people involved in the success of the project.

Developing, growing, and fostering a culture of care program can be enhanced through committees 
and working groups, dedicated positions, and volunteer programs—all of which can be adapted to any 
research setting. Internal committees and working groups, such as alternatives committees, enrichment 
committees, and other welfare or project-focused working groups, bring together expertise, potentially 
globally, with varied influence and experience (Bratcher et al. 2012; Albanese et al. 2015). Working 
together as a team, across areas of primary responsibility, fosters a sense of the common goal of animal 
welfare. In addition to internal committees and working groups, staff can be encouraged to be involved in 
external consortia aimed at welfare advances (https://iqconsortium.org/initiatives/leadership-groups/3rs; 
https://www.nc3rs.org.uk/). Such involvement can provide dividends to an institution as it speaks well 
of the institution’s commitment to animal welfare and may also result in staff bringing learned ideas for 
improvement back to the home institution.

Human–Animal Bond and Staff Empowerment

The key attributes of a culture of care are compassion and respect for both the animals and the people 
who work with them (Buckmaster 2012; Brown 2014; Albanese et al. 2015). The majority of caregivers 
in research laboratories have chosen the field because of a strong interest in animals (Chang and Hart 
2002; Coleman 2011). Caregivers work closely with animals and often develop strong relationships with 
them. These relationships can bring joy to caregivers, referred to as compassion satisfaction (Figley 
and Roop 2006; Mehelich 2011; Neff 2012). These positive relationships can minimize the impacts of 
stressors on animals, such as alterations of the hypothalamic–pituitary–adrenal axis, cardiovascular 
function (Von Holst 1998; Gerber et al. 2002), and reproductive and immunological functions (Rogers 
et al. 1999; Bethea et al. 2008). Stress also increases experimental variability (Schapiro et al. 2000; 
Weed and Raber 2005). Positive interactions with caregivers can reduce abnormal behavior, increase 
species-appropriate behavior, and promote coping skills that help mitigate stress reactivity toward 
novel objects or situations (Rennie and Buchanan-Smith 2006). Engaging in positive interactions with 
the animals leads to increased morale and job satisfaction in caregivers, which leads to better care 
and improved animal well-being (Waitt et al. 2002). Positive human–animal relationships facilitate 
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research by allowing human observers to approach the animals easily and safely, thereby facilitating 
daily observations and health checks (Lehman 1992). Training animals using positive reinforcement 
training (PRT) can create situations where the animals cooperate for common husbandry, health care, 
and research procedures. Although this training requires an investment in time and a level of skill on the 
part of the caregiver, PRT can reduce fear and stress in the animal and reduce the need for pharmaco-
logical restraint, thus reducing stress- and drug-associated variability in the data (Crockett et al. 2000; 
Bassett et al. 2003; Laule et al. 2003; Lambeth et al. 2006). PRT can also decrease potential animal 
or human injury that can result from struggling and can also decrease the technician time needed to 
perform husbandry and research procedures. One potential complication of the positive human–animal 
bond can be the development of favoritism—when one or more select, favorite animals receive extra 
attention and perhaps treats. This can have unintended consequences, such as weight gain or disruption 
of normal conspecific social relationships (Coleman 2011). Researchers and caregivers should be mind-
ful of the impact of their interactions and how their relationships may be perceived by the animals in 
their care (Shyan-Norwalt 2009).

In a strong culture of care, an institution develops mechanisms to celebrate the compassion, caring, 
and respect their staff exhibit toward animals, and will be prepared with resources to address issues if 
such care creates personal conflict. This conflict can result in a condition known as compassion fatigue. 
This condition has been recognized in various health care fields (Carmack and Becker 1988; Baran et al. 
2009). Because of the emotional investment on the part of research staff, illness and death of research 
animals may lead to compassion fatigue in caregivers (Coleman 2011). The “cost of caring” in the ani-
mal research setting has been recognized since the 1980s and has resulted in numerous publications and 
guides (Herzog 2002; Overhulse 2002; Russow 2002; Kelly 2015). The AALAS publication “The Cost 
of Caring” provides an introduction to this topic (AALAS 2013). It stresses that “close contact with ani-
mals affords personnel intense feelings of satisfaction in knowing they are not only providing essential 
needs such as food, water, and clean bedding but also affection” (AALAS 2013). It also recognizes that 
personnel may experience grief and mourning with the death of an animal and describes the steps that 
may be experienced in the grieving process (AALAS 2013).

Moral and emotional consequences of caring for animals should not be ignored or minimized 
(Coleman 2011). “Institutions and caregivers benefit when grief associated with the loss of animals is 
acknowledged and supported” (Coleman 2011). An institution can develop strategies to reduce the moral 
conflict that may be present in research staff. This can start by acknowledging that these moral conflicts 
exist. Scientists can explain the importance of their studies and the reasons for the procedures used 
and provide caregivers with a voice in the ethical decisions (e.g., “brown bag” lunches, staff training, 
and service on the IACUC) so they can feel that their opinions and moral concerns are being consid-
ered (Herzog 2002). Engaging individuals at all levels of animal use in the review process for animal 
activities (IACUC, ECs, and AWBs) so different perspectives are heard, and staff feel an ownership of 
decisions made about animal care and use, can enhance staff empowerment. Helping staff understand 
the nature of the research, expected clinical signs, and humane endpoints (and the rationale for those 
endpoints) can help them to cope with animal illness and death. Consideration should be given to allow 
staff to opt out of situations that cause angst, such as euthanasia of an animal to which they have become 
particularly attached. Having programs for rehoming animals, when euthanasia is not a necessary part 
of the study, is also a proactive way to help staff cope. Such programs can also utilize employees who 
are not caregivers to assist in socialization and other steps that must be taken before adoption, thus 
making such a program a high-profile aspect of an institution’s animal care and use program (Bratcher 
2014; Albanese et al. 2015). Individuals who cannot cope with the loss of animal life that is inherent in 
most animal research programs may need professional support. Access to professional grief counselors 
is a benefit offered by many institutions. Their guidance and support can be invaluable in individual and 
group settings. However, informal gatherings that allow caregivers to share their emotional experiences 
with each other are often just as powerful for healing. Discussing feelings about the loss of animals and 
celebrating their lives and contributions can also be deeply comforting and strengthen the caregivers’ 
connections with one another (Coleman 2011; AALAS 2013). An increasing number of institutions have 
developed programs of remembrance or paying tribute to laboratory animals to help staff handle the 
emotional consequences of their compassion (James et al. 1995; Herzog 2002; Iliff 2002). Such activities 
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may include a plaque, organized “ceremonies,” or creation of a dedicated quiet place, such as a garden, 
where staff can go to reflect. Such activities allow staff a way to recognize the loss, as well as the impor-
tant contributions animals have made to research. This may also give people an opportunity to discuss 
and share their feelings in a supportive environment (Lynch and Slaughter 2001; Iliff 2002; Coleman 
2011; Nishikawa and Morishita 2012; Dickens 2013; Wenting 2016).

Every animal research institution should create an environment where staff feel empowered to raise 
concerns about animal welfare. In fact, reporting animal welfare issues should be an expectation of all 
employees. The Guide clearly states that “the institution must develop methods for reporting and inves-
tigating animal welfare concerns, and employees should be aware of the importance of and the mecha-
nisms for reporting animal welfare concerns.… Mechanisms for reporting concerns should be posted 
in prominent locations.… Multiple points of contact, including senior leadership are recommended.… 
The process should include a mechanism to report anonymously and nondiscrimination against the 
 concerned/reporting party” (NRC 2011).

Individuals involved in the mechanisms for reporting, such as veterinary staff, supervisors, or IACUC, 
EC, and AWB members, should know how to receive such concerns. They should also know how to 
initiate the review process, which should highlight root causes and the development of sustainable cor-
rective and preventive actions. The last step of the review process should include a method that provides 
feedback to staff members sharing a concern. Without this last step, staff may become bitter and disen-
gaged because they feel their concerns and suggestions are not being heard (Albanese et al. 2015). When 
concerns are raised, an opportunity is created for employees to collaborate on solutions to a situation 
that results in better animal welfare, better understanding among stakeholders of the issues and goals, 
and improved staff morale. This proactive approach can minimize the potential for reactive responses to 
whistle-blower concerns.

Communication

Communication begins with ensuring the visibility of the culture of care program throughout the institu-
tion. As previously noted, the value statement should be prominently displayed. Another option is to post 
signs in or near the animal facility that recognize the purpose of animal research. For example, if cancer 
research is being conducted, a sign could note, “We Are Curing Cancer Here.” The concept and goals 
of a culture of care can be shared throughout the organization. Nonanimal users may be asked about 
their place of work, and having an understanding of the value placed on animal welfare may help this 
employee speak proudly about the organization’s commitment. The institution should develop multiple 
mechanisms to communicate details of the culture of care both internally and externally. This is most 
often done via meetings, newsletters, websites, bulletin boards, and e-mail announcements. Involvement 
by human resources and communications professionals in preparing these communications tools is an 
excellent way to engage management and to increase management awareness of these issues. Posters, 
particularly those that have a visual feature, such as a logo, to clearly link them to the culture of care, 
are another way of getting the word out. Of course, the mechanisms to report concerns and suggestions 
for improvement and the program’s commitment to recognize excellence are also key opportunities for 
open sharing of information.

Communication that promotes a culture of care at every level of an organization is necessary for 
ensuring a consistent approach to facilitating the sharing of best practices in large, multisite, and global 
organizations. Larger organizations may benefit from having dedicated personnel, such as a central coor-
dinator or overarching senior management champion, for the culture of care. However, activities are 
often overseen locally by the IACUC, EC, and AWB (Brown 2014). It is desirable to have some type of 
mechanism to ensure communication between these bodies throughout the organization (often organized 
by the group of dedicated personnel or champion mentioned earlier). Such communication can occur 
through telecommunications and face-to-face meetings. These should occur on a regular basis and often 
enough that ideas and momentum are not lost.

An additional opportunity for enhancing communication about the culture of care is to hold a “Culture 
of Care Day” where researchers present the work that they are doing and how the care for the ani-
mals is integral to the success of their work. Participation by all employees in the Culture of Care Day 
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celebration will help them gain insight for the work that is accomplished and meet the people who take 
care of the animals. A Culture of Care Day is also an opportunity to recognize the animals who have 
enabled discoveries (the idea of remembrance tributes is covered in more detail elsewhere in this chap-
ter). An invitation to attend this celebration can be sent to all employees involved in the animal care and 
use program and also be extended to the facilities staff who are responsible for the animal environment 
and repairs. It is important for them to understand their role in ensuring optimal animal care and use. 
Engaging others in the culture of care program, and having consistent reminders of the program until it 
matures and is embedded in the work culture, will help to ensure the success of the program.

Public outreach and educational opportunities help to gain public trust in the care and use of research 
animals. The research and laboratory animal care staff will benefit from instruction that helps them to 
talk about the work that they do and the impact that it has on both human and animal life. Various orga-
nizations provide resource materials to help with public outreach efforts. Although it is not possible to 
provide an exhaustive list, some examples include the Foundation for Biomedical Research (http://fbre 
search.org/), Americans for Medical Progress (www.amprogress.org), Understanding Animal Research 
(www.understandinganimalresearch.org.uk), Speaking of Research (speakingofresearch.com/), and 
States United for Biomedical Research (www.statesforbiomed.org/).

Training

Training, and the topics that must be covered, is mandatory in most countries (EU 2010; NRC 2011; 
USDA 2013) and is covered in greater detail elsewhere in this text. Therefore, this section highlights the 
aspects of training that directly support a culture of care. There are two major categories of training for 
individuals involved in an animal care and use program. The first is technical training. Ensuring that 
staff have adequate technical training to perform necessary tasks with animals prior to actually working 
with animals is paramount and mandatory for a successful program (EU 2010; NRC 2011; USDA 2013). 
Such training should include an assessment of each person’s technical competency (NRC 1991, 2011; EU 
2010; Brown et al. 2013). Refresher training and periodic confirmation of competency is also part of a 
strong training program. During technical training, gentle handling, careful observation, and recogni-
tion of abnormalities (both physical and behavioral) are topics that will support a culture of care. The 
second part of a training program should include topics central to a culture of care that impact attitudes, 
such as understanding why animals are used in research, the ethics of such use, and animal welfare 
(Brown 2013). Training must take into consideration different local cultural characteristics. This training 
must also include the mechanism to report concerns or suggestions for improvement in animal welfare 
and inform employees of their protection from retribution for coming forward with a concern. This 
training should be required for all employees who have animal handling responsibilities (EU 2010; NRC 
2011; USDA 2013) and can be either mandatory or optional for ancillary staff who provide support for 
the animal care and use staff. Human resources staff should have a good understanding of the purpose of 
animal research and the need for the animal care and use staff to perform their jobs with technical profi-
ciency, as well as compassion and sensitivity. Every employee is a representative of the institution in the 
public sphere and is thus in a position to convey the institution’s strong commitment to animal welfare 
and a culture of care. Since the use of animals in research can be a sensitive topic, training can be pro-
vided to help them talk with their friends, family, and neighbors about the job that they do. Such training 
helps them better understand the issues, encouraging pride in their contributions to biomedical research.

Training on why animals are necessary in research and teaching, how we work with them, and the 
importance of animal welfare can be delivered easily in lectures or self-learning materials. Training that 
instills compassion, respect, and sensitivity may be done most effectively face-to-face, allowing staff to 
gain a comfort level for these discussions. Training on the availability of support programs for employees 
who are having problems related to the nature of their work should also be considered.

Recognition

Programs of recognition help demonstrate that an organization or group values individuals and teams who 
have exhibited excellence or made exceptional contributions in areas of importance to that organization 
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or group. Recognition can be an extremely powerful employee motivational tool (McConnell 1997). 
Awards have been shown to encourage higher standards of performance (Shuaib et al. 2015). Recognition 
can be both internal and external to an organization. A program of recognition within an organization 
that has a strong culture of care may recognize staff who demonstrate caring by providing ideas for 
improvements to animal care and use, creating solutions to problems, going “above and beyond” their 
job description to enhance animal welfare, advancing the implementation of the 3Rs, or serving as 
role models in exemplifying the behaviors and characteristics consistent with a culture of care. While 
some employees may be motivated by tangible rewards, others may find the act of being recognized 
and appreciated, particularly when done in a group setting by someone high up in the organization, to 
be even more rewarding (Saunderson 2004). Examples of tangible awards that have been used by some 
research organizations include special pins or mugs, gift cards, certificates for time off, a special parking 
spot, certificates of achievement, and monetary awards. In addition to rewarding employees who have 
achieved something particularly special, such a program can also serve to motivate others who would 
like to be recognized “next time” (Shuaib et al. 2015).

Internal recognition programs may have an “open nominating process” wherein any employee may 
nominate a deserving individual. Other programs may limit who can submit a nomination to individuals 
in more senior positions. Some programs may have both types of nomination processes. To help foster a 
team approach and the idea that caring values are shared by all employees, an organization may choose 
to have the winners selected by an awards committee, consisting of individuals who represent various 
types of positions—caregivers, research technicians, scientists, veterinary staff, and others. Generally, 
a recognition event is held at least annually, but some organizations have found that smaller, quarterly 
events help keep the momentum going and keep the values of their culture front and center in everyone’s 
thinking.

As mentioned previously, there are also external awards that recognize excellence in animal wel-
fare, laboratory animal science and medicine, and the 3Rs. Creating a strong nomination packet for 
an employee or colleague, even if they are not selected for the actual award, is a form of recognition 
in itself. Examples of just some of the organizations having such awards include AALAS, AAALAC 
International, the American Veterinary Medical Association (AVMA), the National Centre for the 
Replacement, Refinement & Reduction of Animals in Research (NC3Rs), Charles River Laboratories, 
F. Hoffmann La Roche, and the World Congress on Alternatives and Animals in the Life Sciences. 
Information on these awards can be found on the organizations’ websites.

Auditing and Continuous Improvement

An effective culture of care program requires the commitment of employees at all levels of the 
organization. Broadly distributed institutional policies or statements that codify the importance and 
priority of animal care and welfare in research are a powerful way to promote this commitment. 
Compliance with the relevant federal, state, and local regulatory requirements is just the starting 
point for a culture of care. Compliance with established industry standards, such as those described 
in the eighth edition of the Guide (NRC 2011), the Guide for the Care and Use of Agricultural 
Animals in Research and Teaching (Ag Guide) (FASS 2010), the European Convention for the 
Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes (ETS 123) 
(Council of Europe 1986), and the AVMA Guidelines for the Euthanasia of Animals (AVMA Panel 
on Euthanasia 2013), as well as clearly defined internal performance standards and operating proce-
dures, is also central to a culture of care. In addition, there are several journals and online resources 
available that feature successful strategies for improving animal welfare in research settings. Some 
of the most popular include AALAS’s Laboratory Animal Science Professional, the AALAS Journal 
and Comparative Medicine, Nature’s Lab Animal magazine, the ILAR Journal, the Institute of 
Animal Technology’s Animal Technology and Welfare, and NC3Rs’ website. Making time to review 
these and related resources regularly is an excellent way to stay current on the latest developments 
for improving animal welfare, an important component for maintaining a strong and progressive 
culture of care.
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Internal Audits and AAALAC Accreditation

Regular assessments or audits of the animal care and use program are a critical feature of a culture of 
care. Required IACUC audits can be combined with additional internal audits conducted by researchers, 
study directors, members of the husbandry and veterinary teams, and others that have a professional 
investment in the program, to measure its success. Soliciting feedback in this manner also encourages 
involvement and suggestions for improvement that foster alignment with the culture of care that supports 
established animal care and use policies. A variety of performance measures and trends can be tracked 
and evaluated to inform and guide programmatic adjustments. Some examples include the number and 
types of substantiated compliance concerns reported, rodent breeding performance, success rates for 
socially housed animals, number and types of abnormal animal behaviors documented, technical profi-
ciency measures, and employee retention rates.

Programmatic reviews by external consultants or inspectors are also helpful, and some are required 
by federal law, for example, the Animal Welfare Act and Animal Welfare Regulations (USDA 2013). In 
addition, many organizations voluntarily request assessment every 3 years by AAALAC International 
(www.aaalac.org). AAALAC’s mission is to enhance the “quality of research, teaching, and testing 
by promoting humane, responsible animal care and use.” AAALAC site visits involve an intense and 
detailed programmatic review by a variety of industry experts from all over the world. Animal care 
and use programs are evaluated using the three standards mentioned earlier (Guide, Ag Guide, and ETS 
123), and formal accreditation is only granted to programs that meet or exceed them. AAALAC has been 
assessing and accrediting animal care and use programs for more than 50 years and has accredited more 
than 950 research institutions in 41 countries. Suggestions offered by the collective wisdom and global 
expertise of AAALAC site visitors are unique and unparalleled. As such, triennial AAALAC reviews 
can be especially powerful for improving a culture of care, providing continual guidance and opportuni-
ties to raise the bar for animal care and well-being in research settings.

Reinforcement

Having a variety of mechanisms in place to reinforce the culture of care across the various stakeholder 
groups is helpful to continuously highlight the institutional commitment to provide excellent care for 
research animals. One element is to create a written “commitment to humane care and use of animals” 
that all employees who work with animals read and sign upon initial employment and on an ongoing 
basis thereafter, for example, after regularly scheduled animal welfare training (Albanese et al. 2015). In 
addition to reminding employees of their personal commitment to animal welfare, the use of a written 
pledge to the culture of care enables the IACUC, EC, AWB, and managers to reinforce the institutional 
commitment to uphold high standards for research animal welfare. Another way to reinforce this culture 
of care is for the IACUC, EC, and AWB members, including the committee chair, to attend research 
department and animal support staff meetings. They can then provide updates regarding the culture 
of care, including the need to maintain sensitivity when working with living animals and the need to 
respond quickly when animal welfare issues are identified. These visits from the animal welfare over-
sight body leadership help to reinforce one of the reasons the IACUC, EC, or AWB exists: to provide 
oversight to ensure that all individuals within a program do their part to maintain a high-quality animal 
care and use program (EU 2010; NRC 2011; USDA 2013; Brown 2014). Visual features, such as a logo 
that represents the culture of care, that convey the commitment to animal welfare can be placed on 
training materials, name badges, lanyards, awards certificates, and posters and be posted throughout 
the animal facilities and beyond (Brown 2003; Albanese et al. 2015). Such posters can be created inter-
nally or can be obtained from a variety of sources, such as http://www.criver.com/aboutus/humane-care 
/humane-care-posters, http://www.aalasfoundation.org/outreach/resources/posters, https://www.aaalac 
.org/commerce/bookstore.cfm, and http://oacu.od.nih.gov/posters/index.htm. Finally, creating animal 
welfare–focused programs that reach out beyond the research community to employees who are not 
involved in the animal program can greatly enhance a culture of care. An example of this is establishing 
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a program where employees from around the institution can be trained to interact with research dogs 
through play, exercise, and caring attention (Bratcher et al. 2012).

The 3Rs

The 3Rs, as stated by Russell and Burch in The Principles of Humane Experimental Technique, are sup-
ported by laboratory animal research institutions in various ways (Russell and Burch 1959). Concepts 
of the 3Rs are stated in the Animal Welfare Act, the Public Health Service Policy on Humane Care 
and Use of Laboratory Animals, the Guide, the EU Directive, and various other national and regional 
guidelines. Institutions can further enhance their commitment by defining the expectations of the 3Rs in 
institutional policies and guidance documents (Bratcher and Reinhard 2015). By incorporating the 3Rs 
into the company culture, many other aspects of an optimal animal welfare program will fall into place. 
The regulations and guidelines help programs to build a foundation of animal care and use that is based 
on the 3Rs, but each institution can have a variety of different approaches for furthering its culture of the 
3Rs based on specific program needs and resource availability. There are many approaches to promot-
ing a culture of care. One example is the establishment of an alternatives committee that draws support 
from a broad base of scientists, veterinarians, animal care technicians, and the IACUC, ECs, and AWBs.

This broad-based approach to the 3Rs, with ideally one or more key leaders to coordinate efforts, ensures 
that champions of alternatives are empowered to advance the most ethical science and animal welfare through 
the development of annual goals and coordinated cross-institutional initiatives—which are a mutually ben-
eficial and sustainable way to promote a culture of care (James et al. 1995; Bratcher and Reinhard 2015). 
The IACUC, ECs, and AWBs or alternatives committee can also send out a regular newsletter, for example, 
quarterly or semiannually, that highlights advances in the 3Rs to help reinforce the message that we are con-
tinuously seeking ways to refine, reduce, and replace animals as part of our culture of care. Hosting a journal 
club for the 3Rs or “lunch-n-learns” on hot topics about animal welfare can also strengthen a culture of care.

Conclusion

A strong culture of care supports the humane care of animals, which in turn supports quality research, com-
pliance with regulatory requirements, improved public trust in the process of biomedical discovery, and our 
moral obligations to the staff and animals. A culture of care requires strong and visible commitment from 
organizational leadership, clearly defined responsibilities, and open communication fostering a team approach 
to animal welfare. The program recognizes and, indeed, celebrates compassion and respect for animals and 
the people who work with them. The organization ensures that all staff working with animals are appropri-
ately trained and competent and has programs for recognition of excellence to encourage continued employee 
commitment to a culture of care. Implementation of the 3Rs of animal use is found throughout the program.

Achieving a culture of care is not the end—this program will require ongoing support and enhance-
ment as conditions change, new scientific information is available, and new technologies arise. A culture 
of care is served by embracing innovation and evolution. Advances in alternatives will require the reas-
sessment of current practices and an openness to incorporate new technologies, be they in vitro opportu-
nities; new animal models, such as fish or invertebrates; or new genetically engineered models that may 
present their own challenges with creation and maintenance. As new information becomes available in 
the area of animal welfare science, an institution may need to reassess its practices of animal care and 
use to ensure the highest standard of animal welfare.
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Fostering Collaborative Roles and Responsibilities 
for Members of an IACUC or Oversight Body

Ernest D. Prentice, M. Elizabeth Blackburn, and Robert S. Dixon

Introduction

One of the key components of an animal care and use program (hereafter referred to as the “Program”) 
is the Institutional Animal Care and Use Committee (IACUC). In the United States, the establishment 
of an IACUC is mandated by the Public Health Service (PHS) Policy on Humane Care and Use of 
Laboratory Animals (Office of Laboratory Animal Welfare 2015) and the Animal Welfare Regulations, 
which apply to U.S. Department of Agriculture (USDA)–regulated species (APHIS 2013). The overall 
purpose of an IACUC is to provide assessment and oversight of the Program. The eighth edition of the 
Guide for the Care and Use of Laboratory Animals (hereafter referred to as the Guide) also uses the 
term IACUC. The Guide, which is an internationally recognized reference, describes the IACUC as 
being “responsible for assessment and oversight of the institution’s Program, components and facilities” 
(NRC 2011). In the international setting, there are other equivalent oversight bodies (OBs) that serve the 
same function as an IACUC but have a different label. However, in order to ensure both consistency and 
clarity in this chapter, the term IACUC is used to designate any committee or OB responsible for the 
Program as described above. The term institution refers to a university, medical center, corporation, or 
other organization that has a Program, and researcher means a person who uses animals for research, 
testing, or teaching.

The primary purpose of this chapter is to address how best to foster collaborative roles and responsi-
bilities for members of the IACUC, with particular emphasis on the IACUC chair, IACUC administra-
tor, and attending veterinarian (AV). In addition, the position of the institutional official (IO) will be 
addressed, although the IO is usually not a member of the committee. There is, however, no intent to 
address in any detail the roles and responsibilities of any of the above. Indeed, much has been written 
about IACUC functions, such as review of protocols that propose to use animals for research, test-
ing, and teaching (hereafter referred to as “activities” when textually appropriate); semiannual program 
evaluations; and postapproval monitoring. Much has also been written about the AV’s responsibility 
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for providing adequate veterinary care for animals. Therefore, the focus will instead be on a “fostering 
process” and desirable management skills related to enhancing the functionality of the committee within 
the Program.

We believe our ideas about fostering collaborative roles and responsibilities for members of IACUCs 
that are presented in this chapter will help an institution develop and sustain a successful Program that 
necessarily requires an effective committee. This is a committee that is structured and resourced and 
operates in a way that best serves the institution, its researchers, and the animals. Furthermore, it is our 
hope that both institutions and their IACUCs will recognize that while animal well-being and compli-
ance go hand in hand, undue regulatory burden is widely viewed as a major problem (this topic is covered 
in Chapter 10 of this text). Clearly, a bureaucratically driven overemphasis on compliance does not help 
the animals, the institution, or its researchers, and is, in effect, tantamount to compliance micromanage-
ment. The IACUC should not lose sight of its charge and obligation to ensure humane animal care and 
use while facilitating valuable research. This charge is reinforced by the congressional findings for the 
1985 amendment of the Animal Welfare Act, where Congress stated “the use of animals is instrumen-
tal in certain research and education for advancing knowledge of cures and treatment for diseases and 
injuries which afflict both humans and animals” (Agriculture 2011). Indeed, the core of the Program is 
the committee’s review and approval of worthwhile research and other activities involving animals for 
societal benefit.

The Program

The Guide provides the following insight related to the Program: “The primary oversight responsibili-
ties in the Program rest with the IO, the AV, and the IACUC. Their roles fit in a defined organizational 
structure where the reporting relationships, authorities, and responsibilities of each are clearly defined 
and transparent. Together they establish policies and procedures, ensure regulatory compliance, moni-
tor Program performance, and support high-quality science and humane animal use. A Program that 
includes these elements and establishes a balance among them has the best chance of efficiently using 
resources while attaining the highest standards of animal wellbeing and scientific quality” (NRC 2011). 
A well-defined and balanced organizational structure with detailed policies and procedures, quality 
assessments, and transparency is, however, insufficient without the right culture: a culture of compli-
ance, conscience, and respect. This tripartite culture forms the ethical foundation of the Program and 
facilitates the creation and operation of an effective IACUC.

Establishing a Culture of Compliance, Conscience, and Respect

Every member of the IACUC, the researchers, and the personnel in the facility who provide daily care for 
the animals should recognize they are providing stewardship for the animals used in activities approved 
by the committee. Indeed, all personnel involved in the Program in any capacity should strive to work 
collaboratively and responsibly in the interest of the animals that are primarily used for human health 
advances, advances in animal health, and other important societal benefits. This is, in effect, “self-
regulation,” which is far more beneficial to the research community and society at large than increased 
federal involvement in oversight and compliance enforcement.

The Guide addresses the key concept of self-regulation by stating, “Both researchers and institutions 
have affirmative duties of humane care and use [of animals] that are supported by practical, ethical 
and scientific principles” (NRC 2011). Successful self-regulation, however, requires establishment of an 
institutional culture of compliance, conscience, and respect. This kind of culture means that everyone 
from the chief executive officer (CEO) on down recognizes the importance of humane animal research, 
testing, and teaching carried out in accordance with the highest ethical standards. Since ethics goes hand 
in hand with compliance, activities involving animals must also comply with all applicable requirements 
of the country, region, and local government. To put it simply, “everyone does the right thing because it 
is the right thing to do,” and relationships are built on trust.
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A culture based on the concept of “doing what is right” allows self-regulation to flourish, contributes to 
animal well-being, minimizes noncompliance, and ultimately reduces costly regulatory burden. Indeed, 
effective self-regulation helps minimize the ever-present possibility that more stringent animal welfare 
laws and regulations will be promulgated. The question, of course, that must be addressed is this: How 
does an institution establish a culture of compliance, conscience, and respect? The answer can be found 
both at the top and at the bottom of the personnel pyramid. The CEO, with proactive buy-in from the 
senior administration and other key employees, needs to formulate an unequivocal mission statement that 
incorporates the concept that the use of animals is a privilege granted by society to the institution, and 
the institution, in turn, grants this privilege to its researchers after review and approval by the IACUC.

The mission statement should clearly articulate and reinforce the institution’s commitment to ensure 
that the humane care and use of animals meets all regulatory requirements, as well as the universal stan-
dards reflected in the Guide (NRC 2011). In other words, the ethical use of animals should be “job 1,” 
reflecting the values of the institution. The mission statement should be directly disseminated to all 
employees, and also be posted in laboratories and animal care facilities where personnel can receive 
daily reminders of their obligations. Indeed, a compelling case can be made for requiring all researchers 
and animal care personnel to sign their understanding and intended compliance with the mission state-
ment, at least initially upon employment and perhaps even yearly. This can be easily accomplished using 
an online educational tracking system (Blackboard 2016) or other similar systems.

The institutional culture described above must emphasize a value approach where all individuals 
involved in the Program are valued no matter what their assigned role. All personnel should have an 
open and collaborative relationship with full and proactive participation with each other in pursuit of the 
institution’s mission. Critical elements include the clarification of expectations, information gathering, 
continuing education, the free flow of ideas, and respect for each team member’s input and their role in 
ensuring the ethical use of the animals and provision of humane care. There must also be trust, as men-
tioned previously. Trust in the integrity of the researchers and their staff is essential.

The bottom line that should be conveyed to all personnel, and strongly reinforced by supervisors, is 
a message that reflects both commitment and accountability, for example, “We want you, we need you, 
we value you. We expect you to live up to the institution’s commitment to conduct activities involving 
animals that are both scientifically and ethically justified. Humane care of all animals will be provided 
in accordance with the highest possible standards. We hold you accountable for living in a culture of 
compliance, conscience, and respect where actions are guided by what is right.”

The IACUC

It is common knowledge that the time has long passed when researchers could freely use animals without 
any prior review and approval of a protocol by the IACUC or being subject to any ongoing oversight of 
their animal use. Indeed, one can reasonably argue that an effective Program is highly dependent on a 
knowledgeable, dedicated, proactive, and adequately resourced committee that acts as a prominent and 
empowered agent of the institution, working on behalf of both the animals and the researchers. The 
members of this important agent of the institution should understand their responsibilities, as well as 
appreciate the ethical foundation upon which the IACUC operates. Indeed, from an ethical standpoint it 
is not just a matter of regulatory oversight of the Program by the committee. It is also a shared respon-
sibility and partnership with researchers and other involved personnel for the humane care and use of 
animals during the pursuit of scientific advancement and other societal benefits.

The responsibilities of the IACUC extend far beyond the review and approval of protocols in a part-
nership with researchers. For example, the IACUC should regularly evaluate the entire Program. This 
includes a review of the training provided to researchers and animal care personnel, which should fit the 
needs of the institution. The IACUC should assess the institution’s disaster plan, which should be tailored 
to the geographical location of the institution and the related risk from events such as flooding or torna-
does. Evaluation of the effectiveness of the occupational health and safety program is a responsibility of 
the IACUC, as well as inspection of the institution’s animal facilities. The IACUC should respond to con-
cerns involving the care and use of the animals at the institution and ensure that changes in the Program 
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are implemented promptly when they are needed. Finally, the IACUC should evaluate the functionality 
of the committee itself. Indeed, this should be an ongoing process. An IACUC that is not knowledgeable, 
engaged, committed, and proactive may not be operating at an optimal level.

The IACUC, which is usually appointed by the CEO or the IO under the delegated authority of the 
CEO, typically includes a chair; one veterinarian trained or experienced in laboratory animal science, 
commonly referred to as the AV; one or more scientists; one or more nonscientists; and most importantly, 
one or more community members who are unaffiliated with the institution. It is not unusual for medium 
to large institutions to have an IACUC with well over 12 members, which may include one or more 
clinical veterinarians, in addition to the AV. Considering the broad range of research conducted at many 
institutions, it is obviously advantageous to have a larger committee that collectively has a greater range 
of scientific expertise and experience. It may also be useful to have alternate members who can serve 
when the primary member is unavailable. In addition, expert consultants should be utilized when neces-
sary to help the IACUC complete protocol reviews, provide advice regarding the resolution of problems 
impacting the program, and assist in identifying ways to enhance the program.

The IACUC should operate in accordance with quorum rules that require the presence of a simple 
majority of the membership. The utilization of alternate members, when necessary, can help alleviate 
quorum problems that may arise and require cancellation of a scheduled meeting or termination of a 
meeting in progress. The IACUC should always be cognizant of the fact that researchers cannot initiate 
or continue their research without approval by the committee. Therefore, the IACUC has an obliga-
tion to remember that the researchers are its customers and take steps to avoid unnecessary delays. 
Committee activities should be completed in a timely manner and not include bureaucratic impediments. 
For example, protocol review letters should not suffer from a lack of clarity, contain irrelevant questions, 
and require modifications that are unjustifiably inconsistent with previous reviews. In addition, research-
ers should be encouraged to question any requirement they do not understand or think is unreasonable.

Given the threat of various animal rights groups combined with a largely unfounded fear of regulatory 
inspections, such as those conducted in the United States by the USDA, it is not surprising that one of the 
greatest contributors to regulatory burden is the IACUC itself. For example, at some institutions, proto-
col submission forms have unnecessarily increased in both length and complexity, institutional policies 
and procedures related to animal care and use have proliferated, and inflexible engineering standards 
have too often become the norm. Too many IACUCs have become overly risk aversive and overzealous in 
their pursuit of absolute compliance. There has also been a concomitant erosion of trust in the integrity of 
the researcher, which is very alarming. It would seem the traditional “trust but verify” has, unfortunately, 
become “verify then trust.” Self-regulation simply does not work without reliance on the integrity of the 
researchers and their staff.

Service on the IACUC should be viewed as a moral responsibility for stewardship of the animals that is 
shared with the institution’s researchers. Since many protocols involve some degree of animal pain and dis-
comfort, and almost all protocols result in euthanasia of the animal subjects, committee members and the 
researchers should balance the science with the ethics. Scientific need should not prevail if animal welfare 
will be compromised beyond an acceptable limit. Therefore, the goal of the IACUC in full partnership with 
the researcher is to ensure there is an acceptable harm–benefit relationship where the potential scientific or 
societal benefit of the activity outweighs, or at least balances, the harm to which animals will be subjected. 
A valid assessment of the harm–benefit relationship depends on the researcher submitting a carefully writ-
ten protocol and the members of the IACUC engaging in a thoughtful review and follow-up discussion with 
the researcher as necessary. Finally, it is important for each committee member to be cognizant of their 
role as society’s gatekeeper in order to ensure the use of animals is fully justified. Considering the fact that 
service on the IACUC is a labor-intensive endeavor that has both societal and institutional ramifications, 
each committee member should be acknowledged and valued by the institution.

The Institutional Official

The IO, as defined by the Guide, is “the individual who, as a representative of senior administration, 
bears ultimate responsibility for the Program and is responsible for resource planning and ensuring 
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alignment of Program goals with the institution’s mission” (NRC 2011). In the United States, the PHS 
Policy similarly defines the IO as “an individual who signs, and has the authority to sign the institution’s 
assurance, making a commitment on behalf of the institution that requirements of this Policy will be 
met” (Office of Laboratory Animal Welfare 2015), while the Animal Welfare Regulations describe the 
IO as “the individual at a research facility who is authorized to legally commit on behalf of the research 
facility that the requirements of 9 CFR parts 1, 2, and 3 will be met” (APHIS 2013). At most institutions, 
the IO is the person to whom the IACUC reports and is also responsible for appointing its members.

Regardless of which definition of an IO is applicable for an institution, it is clear that this individual 
should be a senior administrator or manager, such as a vice president for research, a vice chancellor, 
a vice provost, or even a CEO. The IO does not have to be an experienced researcher or know all the 
requirements that govern the care and use of animals. Indeed, most IOs logically rely on the IACUC 
chair, the IACUC administrator, the AV, and of course, the committee itself. However, the IO must 
understand and fully support the Program, including the autonomy of the IACUC. This requires an 
involved IO who meets regularly with the chair, the administrator, and the AV but does not engage in 
micromanagement. The IO should also periodically meet with the IACUC but refrain from regularly 
attending meetings in order to ensure committee discussions are not inhibited.

When situations arise where the IACUC and a researcher are in an unresolved disagreement, it is 
incumbent upon the IO to act as an objective arbitrator in order to help resolve the problem. This can 
be challenging since the committee must function as an independent agent of the institution and not be 
subjected to inappropriate pressure from the IO, other senior administrators, or researchers. It is cer-
tainly reasonable for the IO to meet with upset or dissatisfied researchers and ask the IACUC for further 
justification of any given decision when there are legitimate questions or concerns. However, it is not 
acceptable for the IO to pressure the committee in any way to change a decision. On the other hand, it 
is possible that an IACUC could become unfettered to Program goals or regulatory requirements. This, 
in turn, could compromise achievement of the institution’s mission. If this situation were to occur, it is 
incumbent upon the IO to take all necessary steps to resolve the problem up to and including replacement 
of committee members.

The IACUC Chair

The IACUC chair is responsible for ensuring that the committee, which operates under the chair’s direc-
tion, fulfills all its responsibilities mandated by federal and other requirements. A successful committee 
is one that operates under a chair who is a strong leader of process, as well as a respected and skilled 
leader of people. This can be particularly difficult in an institutional environment where the researchers 
and other personnel are bright, creative, and independent. In general, the chair should be a person who 
is well respected within the organization and occupies an upper-level position within the institution, for 
example, a tenured full professor or senior manager. However, there are community members, such as 
veterinarians, retired scientists, and individuals from a variety of other professions, who successfully 
serve as IACUC chairs. The commonly expressed rationale for appointing a chair who has no affiliation 
with the institution is the absence of any real or perceived conflict of interest.

The IACUC chair should, obviously, be knowledgeable about all applicable regulations and other 
requirements that govern the care and use of animals. It is also advantageous for the chair to have a 
successful animal research or testing background. Activities involving animals often require complex 
protocol design and highly technical procedures. In addition, there is species variability, occupational 
health and safety hazards, and myriad other factors important to the committee’s review. However, a 
background in animal research, husbandry, or other animal-related activities is certainly not an absolute 
prerequisite for achieving success as a chair. Some IACUCs have attorneys or other compliance profes-
sionals serving as the chair who may themselves lack scientific experience but know how to effectively 
use the expertise of the committee members.

Regardless of whether the IACUC chair has a scientific background or is affiliated with the institution, 
the chair must be able to run a thorough and efficient convened meeting of the committee. This is, undoubt-
edly, the most difficult task that a chair faces, and therefore it deserves particular attention. The chair must 
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ensure that all relevant scientific and animal welfare issues are identified and discussed, and a satisfactory 
resolution is achieved. During committee deliberations, it is not uncommon for very contentious issues to 
arise that impact the science, animal welfare, or both. Indeed, it is not uncommon for heated debate to take 
place where committee members express strong polarized opinions. In these situations, it is imperative 
that the chair be able to bring the committee to a resolution that considers the opinions of all members, 
addresses the scientific needs of the researchers, and ensures the humane use of animals.

It is important for the chair to avoid dominating the committee or allowing other members to dominate 
the discussion during the meeting or at other committee functions. When an IACUC is controlled by a 
vocal minority, this will likely stifle participation by other committee members. This, in turn, can create 
a sense of disenfranchisement, which is obviously counterproductive. The chair should therefore encour-
age all committee members to fully engage in the process. When a viewpoint expressed by a member 
is irrelevant or even wrong, a skilled chair can guide the discussion so that no one feels intimidated or 
insulted. Diplomacy is the key to appropriately handling personality differences or lack of knowledge 
factors that can impact the effectiveness of the committee.

Whether an IACUC is large or small, not all committee members may feel equal. For example, the 
scientific members may include both well-known and highly funded researchers and junior researchers 
who are still striving to achieve a successful career in science. This can create a situation of scientific 
inequality where junior members of the IACUC may be reluctant to express views that oppose those of 
senior members. This perception of inequality in status may be particularly prevalent in the minds of the 
nonscientist member and the nonaffiliated (community) member. Members who do not have a scientific 
background may struggle with the complexity of protocols and other issues that are integral parts of a 
Program. Some of their questions could be inappropriately characterized as naïve by other committee 
members. However, from a voting standpoint all IACUC members are equal. Each member has the power 
of their vote. It is incumbent upon the chair to ensure that the aforementioned perception of inequality 
does not compromise anyone’s participation in the voting process. No member of the IACUC should feel 
devalued or experience a sense of not belonging. Every member should feel free to independently cast 
their vote in favor of or against a motion on the table and abstain as necessary without pressure or undue 
influence. It should also be remembered that the IACUC is acting as society’s gatekeeper. Therefore, one 
can argue that the nonscientist members and the nonaffiliated members are, in many ways, more impor-
tant gatekeepers than the scientific members.

Finally, the IACUC chair should develop an amicable relationship with the researchers and avoid 
being characterized as a bureaucrat whose only role is to enforce compliance. The chair is not a police-
man, and certainly the IACUC is not a police force or a punitive body. The goal of the chair and the com-
mittee should be to help the researcher both understand and apply applicable requirements in order to 
maintain compliance and ensure that activities involving animals are conducted in accordance with the 
highest ethical standards. This, in turn, will help the animals, facilitate worthwhile animal usage, and 
reduce the risks to the institution for failing to maintain compliance. This is not an easy goal to achieve 
where researchers are under intense pressure to obtain funding and publish their results in peer-reviewed 
journals. Failure to maintain sufficient scientific productivity may result in a researcher being unable 
to achieve that next promotion or even facing the possible loss of his or her position. Thus, the IACUC 
should work with the scientists to facilitate and improve the quality of science at the institution.

The IACUC Administrator

Medium and large-sized institutions normally provide the IACUC chair with the assistance of an admin-
istrator and other support staff. The IACUC administrator should possess an up-to-date working knowl-
edge of all applicable regulations and institutional requirements. He or she should have the ability to 
maintain a clear and consistent framework while working hand in hand with the chair, the committee, 
and the researchers. The most important characteristics for an IACUC administrator to possess are 
analytical thinking skills, organizational ability, written and verbal communication proficiency, and per-
sonality traits that allow him or her to work diplomatically with strong-willed, and sometimes difficult, 
researchers and committee members.
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The administrator should be viewed as a professional. Ideally, he or she should obtain certification such 
as that offered by the Public Responsibility in Medicine and Research (PRIM&R 2016). Certification 
validates the individual’s mastery of the knowledge necessary to serve as an effective administrator, 
which may be valuable to the Program. It is important to stress the fact that a certified administrator is 
a professional who may know the regulations in greater detail than the chair or some other members of 
the committee. Therefore, the chair, the IACUC, and the researchers should recognize the administrator 
as a valued committee resource.

To best achieve a balance between the regulatory requirements and the concerns and needs of the 
IACUC and the researchers, we believe the administrator should remain neutral and not serve as a voting 
member of the committee. To this end, he or she must possess the ability to remove himself or herself 
from expressing strong opinions, listen to the concerns and needs of all parties (including the researcher 
who may not be present), help the chair apply the regulations, and suggest solutions that best meet 
the concerns of the committee and the needs of the researcher while ensuring regulatory compliance. 
Achieving this balance may well be the most important aspect of the administrator’s role.

The Attending Veterinarian

The PHS Policy, USDA regulations, and the Guide clearly indicate that the AV is responsible for the 
health and well-being of all laboratory animals used in research, testing, and teaching at the institu-
tion (Agriculture 2011; APHIS 2013; Office of Laboratory Animal Welfare 2015). Fulfillment of this 
responsibility requires the institution to have a program of veterinary care that meets the American 
College of Laboratory Animal Medicine (ACLAM) Guidelines for Adequate Veterinary Care or equiva-
lent standards (American College of Laboratory Animal Medicine 2016). The AV is, accordingly, an 
integral member of the IACUC who provides the necessary expertise in laboratory animal medicine and 
husbandry. Indeed, depending on the size of the institution, the AV may be the only member who has 
such expertise. In addition to having the necessary training and experience, the AV should also have a 
mind-set that focuses on the needs of the science combined with animal welfare, and certainly should 
keep abreast of rapid advances in the development and use of animal models.

It is critical for the institution to ensure that the AV has the authority and the resources to carry out 
the above-mentioned responsibility. The AV’s judgment regarding adequate veterinary care should never 
be influenced by institutional interests that are contrary to the provision of such care. It is also impor-
tant for researchers to recognize that the standards of veterinary care for laboratory animals continue 
to evolve, and it is therefore essential for the AV to work closely with them in the design and conduct of 
their research, testing, and teaching activities. It is equally important for members of the IACUC to rely 
on the expertise of the AV during the review and approval of protocols and in other committee functions, 
such as program and animal facility review.

The AV, as a laboratory animal veterinarian, cannot always function within the Program in the way 
a typical clinical veterinarian in private practice would. This, in turn, requires the AV to assume a very 
challenging role. On the one hand, animals enrolled as subjects in activities approved by the IACUC 
may experience unanticipated pain and discomfort associated with injuries or diseases that are unrelated 
to the activities. In this situation, the AV holds the sole authority to treat the animals, and therefore 
the animal must be either cared for in accordance with current veterinary standards or removed from 
the study if no longer eligible to participate in the protocol. Neither action requires prior approval by the 
committee. This authority needs to be communicated to all researchers as part of their orientation to 
using animals at the institution.

On the other hand, some protocols are designed to test the toxicity of a new agent; produce a disorder, 
such as heart failure; induce an injury, such as a brain concussion; or cause another health anomaly. In 
these circumstances, the protocol for scientific reasons may prohibit treatment of pain and discomfort. 
In such cases, the AV is no longer the sole authority or decision maker regarding pain-related issues. It is, 
nevertheless, the responsibility of the AV to carefully consider the scientific necessity to withhold pain-
relieving agents, evaluate the potential effect on the animals, and advise the IACUC accordingly. Since 
the AV is only one member of the committee with one vote, ultimately the committee decides on the 
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approvability of the protocol, regardless of whether the AV disagrees with the committee or casts a nega-
tive vote. It is therefore important for the AV to recognize that his or her role on the IACUC is different 
than his or her role within the Program in general. At times, these roles may create an ethical dichotomy 
that the AV must understand and handle appropriately.

Regardless of the nature of the protocol in question, it is imperative that the AV and all other members 
of the IACUC ensure that any pain and discomfort the animals may experience is minimized to the 
greatest extent possible, consistent with legitimate, literature-supported scientific constraints. To that 
end, it is particularly important for the AV and the committee to be satisfied that the protocol speci-
fies valid experimental and humane endpoints. The experimental endpoint is reached when the study 
objectives have been achieved. The humane endpoint is the point at which pain will be relieved, usually 
by euthanasia. In consideration of the principle of refinement, in many protocols the experimental end-
point should approximate the humane endpoint as much as possible (Wallace 2000). The IACUC should 
refrain from approving any protocol that does not specify an early humane endpoint compatible with the 
scientific objectives. It is important for the researcher to consult with the AV during the planning stages 
to design a study that best addresses any animal welfare concerns prior to review by the committee.

Finally, it is important that the IACUC not be run by the AV, despite the fact that the AV is undoubtedly 
one of the more important members of the committee and, at times, the most critical member. As men-
tioned previously, the goal of the IACUC is to ensure that there is an acceptable harm–benefit relationship 
that justifies the use of animals. A valid assessment of this relationship clearly requires the expertise of the 
AV, who can help the committee perform the harm–benefit assessment, which can be quite challenging.

Conclusion

Institutions where animal activities involving research, testing, and teaching are conducted have an obli-
gation to develop and maintain a Program where self-regulation without undue regulatory burden works 
for the optimal benefit of the institution, its researchers, and the animals. This requires a culture where 
trusted researchers and their staff operate on the basis of doing what is right and there is not a bureau-
cratically imposed and punitive emphasis on absolute compliance. Such a culture allows self-regulation 
to flourish, minimizes noncompliance, and ultimately, decreases the cost of the use of animals for soci-
etal purposes. The IACUC, which has primary oversight responsibilities of the Program, together with 
the IO and the AV, should work collaboratively within this culture to ensure regulatory compliance and 
the humane care and use of animals that meets the highest possible scientific and ethical standards. That 
is the essence of serving as society’s gatekeeper. We can and should do no less.
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Introduction

The use of nonhuman animals (hereinafter “animals”) for the benefit of humans and other animals is a 
contentious subject throughout many of the world’s countries. Cultural morals and traditions, the status 
of animals in various religions, individual and cultural ethical values, and the diversity of concern for 
specific species (including the perceptions about the “warm and fuzzies” [e.g., dogs and cats] versus the 
“creepy-crawlies” [e.g., mice, rats, and reptiles]) all contribute significantly to the complexity of address-
ing moral (rightness or wrongness) and ethical (what ought to be) issues involved when considering the use 
of animals in biomedical research, teaching, and testing activities (hereinafter “biomedical activities”). 
Further, it is most certainly difficult, if not impossible, to define what the moral status of sentient animals 
(species that can feel pain and suffer), creatures that are not persons yet not mere things, should be that 
would be universally accepted. These factors also contribute to the complexity of the regulatory climate 
in the numerous countries in which there is some sort of oversight of animal use in biomedical activities 
(see Attachment I for examples of U.S. laws, regulations, and guidelines and the list of worldwide regula-
tions [excluding the United States] compiled by AAALAC International) (AAALAC International 2015).

Readers of this chapter will not find a definitive answer to the question “Is it ethical or moral to use ani-
mals in biomedical activities?” There are no black or white answers, only many shades of gray. The intent 
of this chapter is for readers to gain a basic understanding of the philosophical, ethical, and moral basis 
for the various possible responses to this question. Those wishing to examine the issues involved in the 
use of animals in biomedical activities will find a plethora of germane literature available. Furthermore, in 
the interest of full disclosure, I am not a philosopher or ethicist by training (nor will you be after reading 
this chapter); rather, I am a veterinarian who has had an incredible variety of management positions in the 
specialty of laboratory animal medicine for more than 50 years and has had a personal interest in fostering 
the moral, ethical, and legal use of animals in biomedical activities. My personal position regarding the 
use of animals in biomedical activities may best be described as welfarist or utilitarian.

Implementation of ethical programs for the care and use of animals in biomedical activities requires 
buy-in from all members of an institution, from the highest-ranking administrators to the animal care 
and research staffs. The achievement of an ethical, legally compliant, and high-quality animal care and 
use program is in the self-interest of the institution, as well as those individuals who care for and use the 
animals. High-quality animal care and use will maximize the quality of the research results, which, in 
turn, will maximize the prestige of the institution, reputation of the animal users, and likely job satisfac-
tion for the animal care and use staffs.

A tangential usefulness of the material presented herein is that institutional officials and managers 
of animal care and use programs who understand the origins and foundations for public perceptions 
regarding the use of animals in biomedical activities will likely be better able to organize their programs 
to minimize the possibilities for criticism and maximize their ability to respond in a positive manner to 
any such criticisms.

Finally, all individuals involved in biomedical activities should, at least, believe in their own minds 
that what they are doing meets their own sense of what is right, moral, and ethical, and it is hoped that 
the material presented in this chapter may be of help in their ability to make this determination.

Relevant Historical Philosophical Approaches Regarding Animal Use

Philosophical Concepts

The foundation for the philosophy of animal rights may be said to have been laid down by the Greek 
philosopher and mathematician Pythagoras of Samos circa mid-fifth century BC. Quotes attributed to 
him include

• “Animals share with us the privilege of having a soul. Alas, what wickedness to swallow flesh 
into our own flesh, to fatten our greedy bodies by cramming in other bodies, to have one living 
creature fed by the death of another?”
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• “As long as man continues to be the ruthless destroyer of lower living beings he will never know 
health or peace.”

• “For as long as men massacre animals, they will kill each other” (Pythagoras of Samos 2015).

A somewhat contrasting view regarding animals having souls was expressed by the thirteenth-century 
Saint Thomas Aquinas, as he was reported to believe that animals did not have souls and thus were not 
worthy of moral concern, but that cruelty to animals was unacceptable because cruel behavior toward 
animals would progress to cruelty to other humans (Aquinas 1956).

From Pythagoras’s time until about the time of the Industrial Revolution (ca. late eighteenth century 
through the mid-nineteenth century), public interest in animal welfare, let alone animal rights, was 
largely nonexistent, as the average person throughout the world was more interested in personal survival. 
Two examples of the emerging interest in animal welfare were

 1. The establishment of the first regulations pertaining to the welfare of farm animals in America 
found in the Massachusetts Body of Liberties issued in 1641, which contained the following 
regarding animal care:

 a. “Article 92. No man shall exercise any Tirranny or Crueltie towards any bruite Creature 
which are usuallie kept for man’s use.”

 b. “Article 93. If any man shall have occasion to leade or drive Cattel from place to place that 
is far of, so that they be weary, or hungry, or fall sick, or lambe, It shall be lawful to rest or 
refresh them, for competant time, in any open place that is not Corne, meadow, or inclosed 
for some peculiar use” (Massachusetts Body of Liberties 1641).

 2. During the mid-nineteenth century, the emerging animal rights and welfare movement in 
England caught the attention of Queen Victoria and led to her recognizing the efforts of 
the Society for the Prevention of Cruelty to Animals (SPCA) (organized in 1824) to foster 
animal welfare and bestowing upon them the authority to add “Royal” to their name, indi-
cating her support for their efforts (RSPCA) (Royal Society for the Prevention of Cruelty to 
Animals 2015).

Returning to the subject of whether animals have souls, the seventeenth-century French philosopher 
and mathematician Rene Descartes postulated that animals did not have souls; therefore, animals were 
not subjects of moral concern. In simplistic terms, Cartesian philosophy would allow humans to do 
whatever they wish with and to animals, without concern for any possibility of the animals suffering 
therefrom. Without souls, Descartes believed that animals could be viewed as being nothing more than 
equivalent to machines, and any vocalizations that an observer could possibly interpret as the animals 
being in pain should be of no more moral concern than a squeaky wheel on a wagon (Rene Descartes 
2015). While the Cartesian philosophy might have been the philosophy of choice by biomedical scien-
tists conducting surgical research with animals before 1846, when the first successful use of ether as an 
anesthetic was demonstrated (Robinson and Toledo 2012), it is unlikely that contemporary biomedical 
scientists would consider themselves as accepting of this philosophy.

Another ethical position, utilitarianism, was emphasized by eighteenth- and nineteenth-century 
English philosopher Jeremy Bentham, who published the following:

The day may come when the rest of the animal creation may acquire those rights which never 
could have been withholden from them by the hand of tyranny. The French have already discov-
ered that the blackness of the skin is no reason why a human being should be abandoned without 
redress to the caprice of a tormentor. It may one day come to be recognized that the number of 
legs, the villosity of the skin, or the termination of the os sacrum are reasons equally insufficient 
for abandoning a sensitive being to the same fate. What else is it that should trace the insuperable 
line? Is it the faculty of reason, or perhaps the faculty of discourse? But a full-grown horse or dog 
is beyond comparison a more rational, as well as a more conversable animal, than an infant of 
a day or week or even a month, old. But suppose they were otherwise, what would it avail? The 
question is not, Can they reason? nor Can they talk? but, Can they suffer? (emphasis added)
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This quote is given in its entirety to provide context. The last three phrases in the paragraph are fre-
quently quoted by animal rights advocates and are generally considered to be the modern foundation 
for the philosophy of animal rights, as it effectively introduces suffering or, more accurately, sentience, 
that is, having the capacity to feel pain and suffer, into the moral and ethical equation. Simply, sentient 
animals should have the right not to suffer (Bentham 2007).

Even though Bentham’s quote would seem to imply that he anticipated the contemporary animal rights 
movement, and certainly opposed gratuitous mistreatment of animals, he did not oppose the use of 
animals by humans, including the use of animals in biomedical activities. In a letter to the editor of the 
Morning Chronicle (March 4, 1825), he stated, “I never have seen, nor ever can see, any objection to the 
putting of dogs and other inferior animals to pain, in the way of medical experiment, when that experi-
ment has a determinate object, beneficial to mankind, accompanied with a fair prospect of the accom-
plishment of it. But I have a decided and insuperable objection to the putting of them to pain without 
any such view.” This stresses the foundation of the utilitarian view that weighs benefits and costs and 
focuses on the overall good an activity provides. Also, even though Bentham’s quote in the preceding 
paragraph is often quoted by vegetarianism advocates, there does not seem to be any reference to him 
being a vegetarian himself.

Philosopher Peter Singer, another utilitarian often quoted by animal rights activists, defines species
ism as “a prejudice or attitude of bias in favor of the interests of members of one’s own species against 
those of members of other species” (Singer 1975). In “A Philosophical Self-Portrait,” he elaborates that 
speciesism is an “essential philosophical view … [that] is simple but revolutionary. Species is, in itself, 
as irrelevant to moral status as race or sex. Hence all beings with interests are entitled to equal consider-
ation: that is, we should not give their interests any less consideration than we give to the similar interests 
of members of our own species. Taken seriously, this conclusion requires radical changes in almost every 
interaction we have with animals, including our diet, our economy, and our relations with the natural 
environment.” He goes on to indicate that his “ethical position is a form of preference-utilitarianism” 
(Singer 1997).

Since the philosophy of utilitarianism and the “ethical position of preference-utilitarianism” have 
been introduced at this point, it is worthwhile to provide an abbreviated explanation of these terms here. 
Utilitarianism is a form of philosophical thought that the “consideration of right conduct should be the 
usefulness of its consequences; specifically: a theory that the aim of action should be the largest possible 
balance of pleasure over pain or the greatest happiness of the greatest number” or “the belief that a mor-
ally good action is one that helps the greatest number of people” (Merriam-Webster Online Dictionary 
2015). Preference utilitarianism may be defined as the equal consideration of the preferences of all 
individuals (both humans and animals) involved (my condensation of various definitions found). A more 
detailed discussion of the philosophy of utilitarianism is included in a separate section below.

Representing the animal rights view, philosopher Bernard Rollin makes the case that there are no 
“morally relevant” reasons for excluding animals as “objects of moral concern”; thus, by extension, 
they are deserving of “rights.” In his book titled Animal Rights and Human Morality, he states, “From 
a strictly philosophical point of view, I think that we must draw a startling conclusion: If a certain sort 
of research on human beings is considered to be immoral, a prima facie case exists for saying that such 
research is immoral when conducted on animals.” It seems to me that if one were to accept this point of 
view, all research on animals would be immoral, and thus unethical, since the research subjects could 
not give informed consent (although, possibly, a court appointed “guardian” for the animal subjects 
could give consent and owners of animals could give consent for their animals to participate in clinical 
therapeutic trials). Further in the same paragraph, he states that this “criterion would effectively curtail 
the vast majority of research” in basic biological and applied basic biomedical research, the development 
of drugs and therapeutic chemicals and biologics, the testing of consumer goods, the use of animals in 
education (demonstration, dissection, surgery practice, high school science projects, etc.), and the extrac-
tion of products from animals (e.g., serum, musk, and blood). He does appear to accept the premise that 
animals can be used in biomedical activities under the same conditions that permit the use of human 
subjects; for example, the specific animals used will potentially benefit from the specific study (Rollin 
1981). In a more recent report, Professor Rollin seems to make the case that there are no moral grounds 
to support the use of sentient animals in most, if not all, biomedical activities (Rollin 2012).
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Philosopher David DeGrazia argues in his book titled Taking Animals Seriously: Mental Life and 
Moral Status that “equal consideration for animals is more reasonable than its denial, given the failure of 
opponents of equal consideration to meet their burden of proof … those who doubt that animals should 
be extended equal consideration should note that a commitment to giving animals serious consideration 
would be enough to support most of the foregoing conclusions” (referring to the cases made in the pre-
vious content of the book). Dr. DeGrazia sums up his position by providing the reader with 15 ethical 
conclusions regarding our treatment of animals, which include (the verbiage in parentheses is my sug-
gested examples) “Don’t cause unnecessary harm” (e.g., meat eating is unnecessary for individuals who 
have viable alternative food options), “Make every reasonable effort not to provide financial support for 
institutions that cause or support unnecessary harm” (e.g., don’t support circuses or movies that include 
animal acts), “Don’t kill sentient animals unnecessarily” (e.g., for food or for most research), and “There 
is a presumption against disabling sentient animals (that is, damaging their ability to function in ways 
that significantly interfere with their ability to live a good life) and, if they are non-dangerous, the pre-
sumption is virtually absolute” (e.g., research involving any animal impairment would be unacceptable) 
(DeGrazia 1996).

From a more moral–legal perspective, attorney and professor of law Gary L. Francione makes the 
case that only by incrementally destroying the legal concept of animals as property can true animal 
rights ever be achieved. Late in his book titled Rain without Thunder: The Ideology of the Animal Rights 
Movement, he states, “In a sense, we are really only talking about one right—the right not to be treated 
as property…. As long as animals are regarded as property, we cannot really talk about their rights. That 
property cannot have rights follows from what it is to be property…. We can be responsible for property, 
but not to property” (Francione 1996). The content of this 1996 book explains in detail what was meant 
by the statements in the “Point/Counterpoint” article cowritten by Professor Francione and Dr. Regan, 
discussed below.

As this chapter is being written, there are at least two current efforts attempting to reclassify ani-
mals from merely “property” to “sentient beings,” one in New Zealand (Library of Congress 2015) and 
another in the National Assembly in Quebec City, Canada (Anonymous 2015c), as well as  continuing 
efforts in the United States to obtain “personhood” status for chimpanzees (Slate Website 2015). 
Interestingly, in a blog post copyrighted in 2006, Professor Francione made the case that the campaign 
to gain personhood for chimpanzees is “problematic because [it] suggest[s] that a certain species of non-
human is ‘special’ based on similarity to humans. That does not challenge the speciesist hierarchy —it 
reinforces it—in at least two ways” (Francione 2006). This position is completely consistent with his 
contention in his book.

Melding together the ethical and legal points, Dr. Regan and Professor Francione published an 
article in which they state, “Many animal advocates hold that there really is no difference between 
animal welfare and animal rights. Others claim that while there is a difference, advancing animal 
welfare is a necessary prerequisite to advancing animal rights. Given either assumption, many con-
scientious activists conclude that we must support welfarist means in our march toward animal rights 
ends. … We believe these views are mistaken. Not only are the philosophies of animal rights and ani
mal welfare separated by irreconcilable differences, and not only are the practical reforms grounded 
in animal welfare morally at odds with those sanctioned by the philosophy of animal rights, but also 
the enactment of animal welfare measures actually impedes the achievement of animal rights. … The 
goal of the animal rights movement is nothing less than the total liberation of nonhuman animals from 
human tyranny” (Regan and Francione 1992, emphasis added). By the use of the phrase “irreconcil-
able differences,” it would seem to me these authors are clearly saying that there is no philosophical 
way to justify the use of animals in any way that benefits humans and, presumably, other animals. It 
also seems that they are saying that the enactment of animal welfare laws will impede the ultimate 
goal of no animal use, presumably because if the general public is convinced that animal “welfare” 
is achieved, they will not support the more radical implementation of animal rights as envisioned by 
strident animal rights advocates.

Philosopher Tom Regan also makes the case that animals are “moral patients” deserving of rights. It 
appears that he bases his argument on an expansion of Jeremy Bentham’s “Can they suffer?” test. Moral 
“agents” have the capacity to speak for themselves, for example, a fully mentally competent adult human. 
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Moral patients are members of a moral community that cannot speak for themselves and must have 
someone speak for them, for example, an adult human in a coma or a newborn infant. Regan advances 
the proposition that sentient animals are deserving of moral “concern” and, by virtue of this fact alone, 
are deserving of being considered moral patients, leading to the necessity for someone to speak for them 
and, presumably, protect them from use in biomedical activities (Regan 1983).

Providing a slight contrast to the modern animal rights viewpoint, philosopher Michael Allen Fox 
states, “The conclusion [that] … so far as it pertains to animals … [their lack of the] various degrees 
the possession of capacities on which moral autonomy or agency depends, animals fail to meet the con-
ditions specified for full membership in the moral community and likewise fail to qualify for having 
rights” (Fox 1986). Interestingly, approximately a year after his book was published, Fox published a 
retraction and indicated that he had changed his mind and no longer supported the case that he made in 
the book (Fox 1987). Regardless of Fox’s recanting his arguments for supporting the use of animals in 
biomedical activities, what he presented in the book in support of the quote cited above would seem to 
be valid and would support the necessary and ethical use of animals in biomedical activities, at least in 
activities with a high benefit-to-risk ranking.

In making the case for animals having moral rights, Professor Jerry Tannenbaum has postulated a num-
ber of “myths of the animal rights movement” that are germane to our discussion (Tannenbaum 1995):

• Myth 1: “One must choose between animal rights and animal welfare.” He discusses the 
reasons that aspects of concern for animal welfare might support the conclusion that ani-
mals have moral rights to certain levels of care and to limitations on how they may be used 
or treated; thus, there is nothing to support the position that animals do not have rights. He 
goes on to make the case that animals have moral rights that devolve from the fact that they 
are sentient and have interests. Since the intended audience for his book, titled Veterinary 
Ethics: Animal Welfare, Client Relations, Competition and Collegiality, is veterinarians, 
Professor Tannenbaum goes on to make the case that veterinarians (and by extension, those 
of us involved in biomedical studies with animals?) should accept his premise that animals 
have moral rights so that they are not marginalized in the public arena of debate over animal 
rights. That said, one could make the case that these terms are not synonymous; that is, ani-
mal welfare is ensuring responsible care and use of animals however they are being used (in 
biomedical activities, as pets or service animals, in agriculture, in zoos and aquatic parks, 
etc.), while animal rights, as defined by the strident animal rights movement, would require 
“nothing less than the total liberation of nonhuman animals from human tyranny” (Regan and 
Francione 1992).

• Myth 2: “Animals do not yet have legal rights.” He makes the case that the various statutes that 
exist to protect animals from cruel treatment can be considered sufficient to conclude that ani-
mals should be considered as having legal rights. In this regard, he also states, “If one believes, 
as many people surely do, that animals should have some legal rights, one is not thereby com-
mitted to the demand of the animal rights movement that animals should be given legal stand-
ing to sue their owners, their veterinarians, or other people for money or other kinds of relief. 
The concept of legal rights for animals, like the concept of moral rights for animals, does not 
entail the platform of the animal rights movement.” While Professor Tannenbaum makes a 
compelling case here, another possible case could be made that animal welfare statutes do not 
convey to animals any rights; rather, they simply codify human obligations to animals similarly 
to many of the statutes that govern the protection of endangered species of flora (certainly such 
protected plants would not be considered as having rights).

Presenting yet another viewpoint on the use of animals in biomedical activities, Sir William Paton, 
an eminent British pharmacologist, makes the case that the use of animals in biomedical activities to 
advance knowledge in medicine [both human and veterinary], biology, and the basic sciences is the most 
ethical use of animals of all the ways humans use animals (emphasis added). His reasoning is that any 
knowledge gained from such studies would live on in perpetuity, while, the benefits, whatever there are 
of using animals for other purposes, are time limited (Paton 1984).
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Utilitarianism

As noted previously, utilitarianism is a form of philosophical thought that “the determining consider-
ation of right conduct should be the usefulness of its consequences; specifically: a theory that the aim of 
any action should be the largest possible balance of pleasure over pain or the greatest happiness of the 
greatest number” or “the belief that a morally good action is one that helps the greatest number of people 
[or animals?]” (Merriam-Webster Online Dictionary 2015).

While it appears that animal rights has emerged as a recognized system of philosophical thought 
regarding the status of animals, utilitarianism is most likely a philosophy that would be a better fit for 
most people’s views. In the “Summary and Conclusion” of the 1986 Office of Technology assessment 
report about the use of animals in biomedical activities, it is stated, “Because it extends the scope of moral 
concern to animals without committing itself to a vulnerable theory of animal rights, Utilitarianism has 
become the theory of choice among those who would press for more constraints on humans’ treatment 
of animals” (U.S. Congress 1986).

This report from a government committee composed of representatives from many stakeholder per-
spectives is one of the few attempts to present an unbiased assessment of the pros and cons, or need 
and value, of the use of animals in biomedical activities—thus the conclusion that the most appropriate 
philosophical approach to such use is utilitarianism, simplistically, the greatest good for the most indi-
viduals. That said, even this approach is fraught with problems since it is unclear who or what should be 
considered within the term individuals, and animals cannot speak for themselves and cannot articulate 
an “informed decision” to participate as a subject in biomedical activities. Besides, when considering 
the “utility” of any specific proposed biomedical activity, further questions are evoked, including, what 
criteria will be used to balance the “good” versus “bad” of the activity? Unfortunately, there are no uni-
versally accepted guidelines for how to calculate the utility of any particular use of animals (see also the 
“Risk (Harm) versus Benefit Assessment” section that follows later).

Another source, philosopher Carl Cohen, says that “utilitarianism appeals to many people—it is prac-
tical and concrete and seems to make sense in daily life. Utilitarianism does not say using animals for 
research is wrong; what it does say is that to decide on the moral rightness of an action you need to look 
at whether that research might promote an aggregate good for a greater number of people than not doing 
the research. Some would include animals in this equation since animals do benefit from research. For 
the Abolitionist, animal research would be wrong since it is morally wrong to use an animal merely as a 
means, even … to a good end” (Cohen 1986).

Morally Relevant Difference between Humans and Animals

One can make the claim that in order for a living entity to claim rights, it must be a member of a moral 
community (North Carolina State University 2015), that is, a community in which individual members 
can make moral decisions and recognize right from wrong. Also, with rights come obligations that mem-
bers of the community must be willing to accept, that is, obligations to recognize the rights of others. It 
is unlikely that animals can either recognize obligations to other animals or knowingly accept them. If 
animals had rights, they would have them even if the human species did not exist, and any prey animal 
would be able to exercise its right not to be eaten by a predator (an obviously absurd situation). However, 
to the best of our knowledge, only humans possess the intellectual capacity to make moral decisions 
and accept reciprocal obligations; therefore, the logical conclusion is that only humans have rights. An 
objection to this point of view is that there are individual humans who are not able or competent to make 
moral decisions (e.g., infants, persons in a coma, and persons with dementia); however, an argument 
can be made that such persons either have the potential to make claims for their rights (e.g., the infant 
who grows up to be a mentally competent adult) or previously had such capabilities but no longer do 
(e.g., the person in an irreversible coma). Thus, all persons should be considered members of the moral 
community.

That said, and even if this conclusion is correct, the fact that only humans have rights does not give us 
the unhindered right to do whatever we want to, or with, animals. Since all humans are members of a moral 
community, mostly capable of recognizing right from wrong and accepting the obligations that come with 
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rights, and it is generally recognized that it is wrong to mistreat animals, we are thus obligated to treat 
animals humanely. However, this obligation is to us, to our own humanity, and not to the animals per se, 
although one could say that this obligation also imposes on humans a moral duty to not mistreat animals.

While animals may not have rights, nations and states can and do confer on them legal protections and 
impose legal restrictions on how they may be used and treated, for example, animal abuse and control 
laws and international wildlife protection treaties. These legal protections may severely restrict how we 
may use animals and what we can do to animals. Furthermore, enforcement of these protections may 
even result in severe penalties for violating the laws. The laws do not convey rights to animals; rather, 
they simply codify our moral obligations to animals as defined by our various societies and cultures. 
While there are a number of highly respected philosophers who have made the case that animals have 
moral rights based on their sentience, one can still contend that in order to have rights, individuals need 
to be members of a moral community, and no animals currently share this status with humans.

Our body of laws pertaining to animal protection form the foundation for animal welfare within our 
society. Most importantly in this regard is the generally high degree of public concern for animal welfare 
that is found throughout most contemporary societies and cultures, including the vast majority of indi-
viduals working in various biomedical activities. We should keep in mind that animal welfare as a con-
cept is not synonymous with the philosophy of animal rights, especially as this latter term is defined by 
the most radical animal rightists. An animal welfarist believes in responsible pet ownership, responsible 
animal agriculture, humane animal care, and so forth. A true animal rightist demands no human use of 
animals, including but not limited to pet ownership and agriculture, and no animal care (since animals 
should not be property requiring care). In the utopian world of the true animal rightist, no animal will be 
subjugated to human welfare, need, or desire.

One argument made by proponents of rights for animals is that there are no morally relevant differ-
ences between a mature animal (see discussion on Regan above), with its full mental faculties, and a 
severely mentally deficient human, for example, a brain-dead person. However, a case can be made that 
there is, in fact, at least one significant, morally relevant difference between humans and animals, and 
that is morality itself. So far as we know and can determine at present, the human species is the only 
species that attempts to interact with its environment (e.g., protect the rain forest) and other species in 
some moral way (e.g., save endangered species). Obviously, there may be some variability from culture 
to culture with regard to the definition of what actions are and are not moral. That said, we are the only 
species that has ever worried about the fate of other species. It would seem to me that this characteristic 
of humans in general should certainly be considered a morally relevant difference, thus supporting the 
conclusion that only humans have rights.

Guidelines and Principles

The 3Rs

Replacement, reduction, and refinement (the 3Rs), proposed by Russell and Burch in their 1959 book titled 
The Principles of Humane Experimental Technique, have become foundational planks for many laws, 
regulations, guidelines, and local policies governing oversight of biomedical activities involving the use 
of animals throughout the world, and should continue to be such into the future. While the widespread 
implementation of these principles most certainly has resulted in more humane animal use, and in some 
reduction in the numbers of animals used (especially “higher” vertebrate mammals), it is unlikely that the 
total numbers of individual animals have decreased significantly when all species are counted. The grow-
ing importance of zebrafish and genetically modified rodents in biomedical activities may actually lead to 
an increase in the absolute number of animals being used in biomedical activities in the future.

• Replacement: In the original 1959 book, this term was meant to mean actual replacement of 
animals with “insentient material” (i.e., absolute replacement). Over time, the meaning has 
evolved to include the substitution of an animal with another animal species “lower” on the 
phylogenic scale (i.e., relative replacement).
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• Reduction: Originally defined to mean “reduction in the numbers of animals used to obtain 
information of a given amount and precision.” Some of the ways to implement the reduction 
of animals are to ensure that proposed activities are well designed and statistically valid, that 
one is using the best animal model available, that the animals are in the best health possible 
(including free of confounding microorganisms), and that the animals receive the best care 
possible to minimize induced variables that can negatively affect the animals, resulting in the 
need for more animals to obtain statistically valid study results. Interestingly, this may actually 
require the use of more animals in a given activity if it were needed to ensure statistical validity 
of the activity, thus negating the need for repetitive studies, which would ultimately reduce the 
numbers needed to obtain valid results.

• Refinement: Originally defined to mean “any decrease in the incidence or severity of inhumane 
procedures applied to those animals which still need to be used.” Today, this R includes using 
procedures that will minimize pain, discomfort, and distress. One concept for implementing 
refinement is especially promising: whenever possible, make the animals willing members of 
the research team. For example, nonhuman primates can be taught to present an arm for a blood 
draw in return for receiving a desired food treat.

  Another example of refinement is to select or train dogs through positive reinforcement 
to voluntarily run on a treadmill if required in a project studying cardiovascular function. 
Unfortunately, this approach is generally reserved for use in long-term studies, as it requires 
time and enhanced human interaction. Positive human interaction can also improve animal 
welfare but will likely increase human attachment to the animals. This should be encouraged, 
as it will benefit the animal; however, for many studies the animals must be euthanatized at the 
end. In respect for human caretakers, procedures should be in place to minimize the emotional 
impact on the people who have become attached to the animals, perhaps by having other indi-
viduals not so attached conduct the euthanasia and collection procedures. Other, short-term 
examples of refinement include the use of multimodal analgesia for procedures that histori-
cally use no or only one analgesic, or use of nonpharmaceutical therapies (e.g., environmental 
enrichment, heating pad, and soft bedding) if painful procedures are being performed and 
analgesics must be withheld for scientific purposes.

  Tannenbaum and Bennett (2015a) have recently published in the Journal of the American 
Association for Laboratory Animal Science an excellent and exhaustive discussion about the 
3Rs, including their original meaning and how the meanings and intent have evolved since first 
proposed. In addition, a letter to the editor, authored by Carbone (2015), along with a rebuttal 
by Tannenbaum and Bennett (2015b), further illuminates some of the contemporary aspects of 
the 3Rs. These three publications are well worth reading for a more thorough understanding 
of the importance of the 3Rs with regard to contemporary efforts to establish ethical programs 
of animal care and use in biomedical activities.

In Europe, “Directive 2010/63/EU revising Directive 86/609/EEC on the protection of animals used 
for scientific purposes … is firmly based on the principle of the Three Rs, to replace, reduce and refine 
the use of animals used for scientific purposes” (European Directive 2010/63/EU).

U.S. Government Principles for the Utilization and Care of 
Vertebrate Animals Used in Testing, Research, and Training

Although intended to be applicable to biomedical activities accomplished with funds provided by the 
U.S. government, these principles would likely be just as applicable to all biomedical activities involving 
animals conducted anywhere in the world.

The development of knowledge necessary for the improvement of the health and well-being of 
humans as well as other animals requires in vivo experimentation with a wide variety of ani-
mal species. Whenever U.S. Government agencies develop requirements for testing, research, 
or training procedures involving the use of vertebrate animals, the following principles shall 
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be considered; and whenever these agencies actually perform or sponsor such procedures, the 
responsible Institutional Official shall ensure that these principles are adhered to:

 I. The transportation, care, and use of animals should be in accordance with the Animal 
Welfare Act (7 U.S.C. 2131 et. seq.) and other applicable Federal laws, guidelines, and 
policies.

 II. Procedures involving animals should be designed and performed with due consider-
ation of their relevance to human or animal health, the advancement of knowledge, or 
the good of society.

 III. The animals selected for a procedure should be of an appropriate species and quality 
and the minimum number required to obtain valid results. Methods such as mathemati-
cal models, computer simulation, and in vitro biological systems should be considered.

  Proper use of animals, including the avoidance or minimization of discomfort, dis-
tress, and pain when consistent with sound scientific practices, is imperative. Unless 
the contrary is established, investigators should consider that procedures that cause 
pain or distress in human beings may cause pain or distress in other animals.

 V. Procedures with animals that may cause more than momentary or slight pain or dis-
tress should be performed with appropriate sedation, analgesia, or anesthesia. Surgical 
or other painful procedures should not be performed on unanesthetized animals para-
lyzed by chemical agents.

 VI. Animals that would otherwise suffer severe or chronic pain or distress that cannot be 
relieved should be painlessly killed at the end of the procedure or, if appropriate, dur-
ing the procedure.

 VII. The living conditions of animals should be appropriate for their species and contribute 
to their health and comfort. Normally, the housing, feeding, and care of all animals 
used for biomedical purposes must be directed by a veterinarian or other scientist 
trained and experienced in the proper care, handling, and use of the species being 
maintained or studied. In any case, veterinary care shall be provided as indicated.

 VIII. Investigators and other personnel shall be appropriately qualified and experienced for 
conducting procedures on living animals. Adequate arrangements shall be made for 
their in-service training, including the proper and humane care and use of laboratory 
animals.

 IX. Where exceptions are required in relation to the provisions of these Principles, the 
decisions should not rest with the investigators directly concerned but should be made, 
with due regard to Principle II, by an appropriate review group such as an institutional 
animal care and use committee. Such exceptions should not be made solely for the 
purposes of teaching or demonstration.

NASA Sundowner Principles

In October 1996, the National Aeronautics and Space Administration (NASA) convened a meeting of 
a group of diverse individuals to “implement bioethics policies for animal experimentation” sponsored 
by or involving NASA. The group consisted of a public policy expert, three bioethicists, and representa-
tives from the animal welfare community, AAALAC International, NASA, and other federal agencies 
involved in animal research. This diverse group concluded that (Rowan 2000)

Among the basic moral principles generally accepted in our culture, three are particularly rele-
vant to the ethics of research using animals: respect for life, societal benefit, and non-maleficence.

• Respect for Life—Killing entails moral costs:
Living creatures deserve respect. This principle requires that animals used in research 

should be of an appropriate species and health status and should involve the 
minimum number required to obtain valid scientific results [reduction]. It also 
recognizes that the use of different species may raise different ethical concerns. 
Selection of appropriate species should consider cognitive capacity and other 
morally relevant factors. Additionally, methods such as mathematical models, 
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computer simulation, and in vitro systems should be considered and used when-
ever possible [replacement].

• Societal Benefit—Advancing knowledge and health is a strong justification for research:
The advancement of biological knowledge and improvements in the protection of the 

health and well-being of both humans and other animals provide strong justifica-
tion for biomedical and behavioral research. This principle entails that where ani-
mals are used, the assessment of the overall ethical value of such use should include 
consideration of the full range of potential societal goods, the population affected, 
and the burdens that are expected to be borne by the subjects of the research.

• Non-Maleficence—Minimization of distress, pain, and suffering is a moral imperative:
Vertebrate animals are sentient. This principle entails that the minimization of dis-

tress, pain, and suffering is a moral imperative [refinement]. Unless the contrary 
is established, investigators should consider that procedures that cause pain or 
distress in humans may cause pain and distress in other sentient animals.

Because of the diversity of this group, representing a broad range of philosophical thought and beliefs, 
these three principles resulting from the group’s deliberations should be considered foundational compo-
nents of any institution’s program for the ethical use of animals in biomedical activities.

Religion

Most of the religions of the world include tenants that encourage concern for animals and their welfare, 
and some even revere certain species of animals and give them special status within their culture. A few 
religions so revere all animal life that they will go to great extremes to live lives without harming even 
the most humble of creatures, such as insects (e.g., Jainism [Anonymous 2015a]). The Reverend Professor 
Andrew Linzey has also made a case that animals have rights from a theistic perspective, that is, animal 
“rights [can be] based on the inherent worth of creatures possessing the property of being elected by God 
in love” (Cahill 2016). Therefore, on a global basis there may be situations where a proposed biomedical 
activity using animals may be morally acceptable within some segment of a local culture, but the range 
of animals acceptable for use might be limited by consideration for regional or local religious concerns; 
for example, dogs are generally considered to be “dirty” in Islam but can be kept as pets with some 
reservations (Banderker 2015). Persons involved in biomedical activities should be aware of any such 
concerns and design proposed activities and staffing plans accordingly.

Contemporary Issues

Biomedical Activities Are Not Monolithic

As illustrated in Figure 4.1, the term biomedical activities (or more generally referred to as “biomedical 
research”) encompasses a very broad range of activities involving the use of animal subjects, and this 
diversity presents another very large layer of complexity to ethical issues involved therein.

• Basic research
• Applied research
• Testing
• Education

• Medical
• Veterinary
• Agricultural
• Biological

Research

FIGURE 4.1 Illustration of the interrelationships between the types of biomedical activities on the left and the different 
biomedical disciplines involving the use of animal subjects on the right; that is, all four types of biomedical activities are 
found in each of the four disciplines.
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Often, the public discourse regarding the use of animals in biomedical activities focuses on the ben-
efits that “might” be derived only for humans. However, a significant proportion of such activities are 
undertaken with the direct or tangential intent of benefitting animals (e.g., development of a vaccine for 
an emerging disease, such as parvovirus in dogs). Also, in many cases the goal of an activity involving 
animal subjects is simply the advancement of knowledge without definitive knowledge of its benefit for 
either humans or animals, that is, basic research activities.

If it is decided that it is “unethical” to use animals in biomedical activities intended to benefit humans, 
the ethical principle of justice, which would include equal consideration of the interests of all (sentient?) 
animal subjects, would dictate that it is also unethical to use animals in biomedical activities intended 
to benefit other animals (e.g., endangered species captive propagation research or research to develop a 
vaccine for a newly discovered disease of dogs or horses), that is, “what’s good for the goose is good for 
the gander.” In contrast, one might even be able to make the case that the principle of beneficence, that is, 
the obligation to do good and avoid harm, would dictate that efforts to save an endangered species should 
be performed, even if it meant that some animals of the same species or another similar species might 
die during this effort. Another example of this conundrum is the use of some members of an animal spe-
cies, deliberately infected with a newly identified pathogen resulting in overt disease in the recipients, to 
develop a vaccine for the newly discovered fatal disease in order prevent the disease in future populations 
of the species (e.g., Potomac horse fever in horses).

As an example of how this conundrum might apply to, and impact on, public opinion on a global scale, 
consider the widely accepted concern for endangered species. There are 181 parties currently signed on to 
the provisions of the Convention on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES 2015), and in the United States, there is strong public and political support for the Endangered 
Species Act (1973). If there were laws prohibiting the use of sentient animals in biomedical activities, then 
the critical research needed to protect endangered species, including field studies and captive breeding for 
reintroduction efforts, would have to cease since such activities would likely involve using animal subjects.

A recent report noted the possibility that research for a vaccine against the Ebola virus using chim-
panzees will result in a vaccine that likely can be used to protect the remaining and endangered wild 
chimpanzees from this fatal disease (Choi 2014). If this were to be the result of current vaccine develop-
ment efforts, it would be another example of a discovery involving the use of animals that turns out to 
be critically important to animals. As an aside, Dr. Francis Collins, director of the National Institutes of 
Health (NIH), announced on November 19, 2015, that the NIH will permanently stop using chimpanzees 
for biomedical testing and is retiring its remaining chimpanzee population, thus potentially decreasing 
the probability of development of a successful vaccine (St. Fleur 2015).

Basic research often can seem like we are looking for keys to locks unknown. Because of this level 
of general ambiguity, basic research is often poorly understood by the general public; thus, what may be 
perceived as “unnecessary” or “trivial” may lead to public outcry about the cruelty of any use of ani-
mals in such pursuits. Senator William Proxmire (Democrat, Wisconsin, 1957–1981) would periodically 
issue “golden fleece awards.” These awards were targeted at federally funded scientific research that he 
considered wasteful. However, the creation of this award reflected the fundamental misunderstanding of 
how science works, and how such research can turn out to be extremely important regardless of whether 
it makes sense to nonscientists. Indeed, such research can have a major impact on society. The nature of 
scientific research is that its impact is hard to predict (Anonymous 2015b).

However, without the foundation of basic research, followed by applied research, biological and medi-
cal advances would be impossible. When speaking to public or lay audiences and describing this point, I 
have frequently been asked, “How much basic research ultimately turns out not to have been of any par-
ticular significance?” My response, “Probably a significant percentage!” often surprises the questioner. I 
then go on to say, “However, the problem is that no one can, a priori, tell which basic research endeavors 
will fall into this status.” Two examples that illustrate this point involve discoveries in the then emerging 
discipline of genetics in the 1930s and 1940s:

• During the 1930s and 1940s, there were two investigators conducting basic genetic research. 
One was Dr. George Snell, who was studying the genetics of mice at the Jackson Laboratory 
in Bar Harbor, Maine. The other was Dr. Barbara McClintock, who was studying the genes 
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in corn at Cornell University’s College of Agriculture and the Department of Botany at the 
University of Missouri–Columbia. It is highly unlikely that either Dr. Snell or Dr. McClintock, 
in the 1930s and 1940s, could have predicted that their basic research would lead to genetic 
discoveries that proved to be critically important in what is now known as “medical genetics” 
and would lead to their receipt of Nobel Prizes in Physiology or Medicine in 1980 (shared with 
two others) and 1983, respectively. Yet, their discoveries proved to be significant foundational 
blocks in the development of today’s medical genetics.

• Another example unrelated to direct human interests that seems to be enlightening for layper-
sons is the captive breeding programs that have successfully allowed for the reintroduction 
of the endangered whooping cranes, California condors, and black-footed ferrets into their 
historic habitat ranges. All these species were on the brink of extinction when the captive 
programs began. Without captive breeding research efforts involving similar species (sand hill 
cranes, Andean condors, and nonthreatened ferret species, respectively), these three recovery 
efforts likely would not have succeeded.

Finally, it is critical to be realistic regarding the speed with which research goes from the bench-
top to the bedside. This fact is poorly understood by the general public, which, in turn, can lead to 
opposition to some basic research studies involving animals when the ultimate value of the activities 
may not be known for decades. Finding disease cures can take up to a century—from some initial 
basic science discovery, a single brick in an allegorical huge pyramid, to the final “useful” product 
at the pyramid’s apex is very hard for lay individuals to comprehend. The authors of one analysis, 
titled “From Scientific Discovery to Cures: Bright Stars within a Galaxy,” state, “new treatments 
depend upon a broad base of scientific knowledge plus special contributions from a few exceptional 
scientists.” Working backwards through the published medical literature, the analysis team looked 
at the step-by-step advances that were necessary to lead to the development of two drugs. According 
to this analysis, more than 7000 researchers from 5700 different institutions, working in succession 
over 100 years, were needed to develop a cancer drug. In support of this concept, the development 
of a cystic fibrosis drug was also daunting: 2900 scientists with ties to 2500 different institutions, 
laboring for 60 years. The bottom line, according to study coauthor Alexander Pico, is that “it takes 
contributions from a surprisingly large and complex network of individual scientists working in 
many locales to reach a cure” (Williams et al. 2015). Misunderstanding of this aspect of discovery 
can lead laypersons to oppose, what seems to them, to be excessive or frivolous use of animals in 
biomedical activities.

Changing the Legal Status of Animals

Recently, some animal rights groups have mounted campaigns to change references to animal “owners” 
in laws, statutes, and regulations to read animal “guardians.” At least three U.S. cities have adopted 
amendments to their animal welfare statutes to replace the term animal owner with the term animal 
guardian: Boulder, Colorado; West Hollywood, California; and Berkeley, California. While the sponsors 
of this movement allege that their motive is simply to raise the public’s awareness of their responsibilities 
to their animals, it is likely that their real agenda is to give legal “standing” to animals as things other 
than property (since the word guardian has very specific legal meaning and is defined as “a person law-
fully invested with the power, and charged with the duty, of taking care of the person” (Garner 2009). It 
would not be much of a stretch to have this definition revised to substitute the word animal for the word 
person.

Such a change could theoretically lead to someone seeking legal guardianship of an animal that is 
not theirs based on a perception that the existing guardian (e.g., an animal in a research institution) is 
unfit. Should such a court case be filed, and even if the original guardian prevails in court, the potential 
legal fees could be significant. Further, if an animal needed expensive veterinary care that the guardian 
(in this example a private individual) could not afford, he or she might be liable for charges of animal 
endangerment for not providing the care and could be brought into court by someone suing on the ani-
mal’s behalf.
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While it is highly unlikely that these efforts to change the legal status of animals will lead to such 
draconian results, it is highly likely that there will be a good deal of turmoil created by this seemingly 
insignificant change in verbiage among the general public, animal owners, legislators, and most signifi-
cantly, lawyers and veterinarians.

One development over the last several years that might indicate that these concerns about the possibil-
ity of legal turmoil over this issue, as well as other animal-related issues, such as personhood for chim-
panzees, are valid is the burgeoning number of law schools that offer or have offered credit for animal 
law courses or seminars (at least 119 schools) (NABR 2015a) and that have received millions of dollars 
to support such courses (NABR 2015b).

Perhaps if the efforts to use a term other than owner for persons who “own” animals were to advocate 
for use of the term caretaker, or some similar term not fraught with potential legal implications, the goal 
of recognizing that animals are not just things may advance more rapidly. In regard to concerns that 
“unfit” owners, that is, those that abuse or treat animals cruelly, ought to be sanctioned, it is worthwhile 
to remember the many laws, regulations, and international treaties that exist to protect animals include 
serious sanctions for both individuals and institutions for violations thereof.

Other Contemporary Issues

When attempting to justify the value of the use of animals in biomedical activities, it may be necessary 
to include consideration of a subset of contemporary cultural and ethical issues:

• Is it morally acceptable to use animals for any human purpose? Could the use of any captive 
or domestic animal for any purpose whatsoever be equivalent to forced human slavery? It is 
unlikely that this represents the majority ethical viewpoint for most cultures. However, it is pos-
sible to say that some individuals might take this ethical position. If one should conclude that 
the answer to this question is no, further discussion about the value or necessity of using animal 
subjects in biomedical activities would be purely academic.

• There are different cultural perceptions regarding the moral acceptance of animal use, which 
can encompass the way the animal is used, the purpose of the use, or even the species being 
used. It is likely that most cultures and societies accept the use of some species of animals as 
pets. There are species of animals that are revered in one culture that may be eaten in another 
(e.g., cows and dogs). There are species that have a significant place in the cultural heritage of 
various native peoples, and may still be hunted even though they are nationally recognized as 
endangered (e.g., whales and eagles). These varied perceptions further complicate efforts to 
resolve the moral and ethical aspects of animal use in biomedical activities.

• What is the “necessity” of any particular use of animals? As will be discussed in more detail 
in the “Risk (Harm) versus Benefit Assessment” section that follows, what is necessary with 
regard to biomedical activities is a prominent consideration in numerous laws, regulations, 
policies, and guidelines that pertain to animal use in biomedical activities. Is it necessary to 
use an animal for a specific research proposal, and is it necessary to use a specific species? Is 
it necessary to genetically modify an animal model to do the research, even if it means that 
the animal may develop a disease that might be painful? Unfortunately, there is no universally 
accepted definition of what necessary means when used in this context. For example, in a study 
designed to develop a new treatment for some major emerging human disease, would it be 
necessary that the potential treatment be such as to save a minimum of 1000 human lives, or 
would the saving of 10 lives be an acceptable “cost” in terms of animals used? Even the emi-
nent medical missionary who fostered a “reverence for [all] life” philosophy, Albert Schweitzer, 
has been quoted as saying that “it is necessary for the advancement of medical understanding” 
(emphasis added) when asked about his views on the use of laboratory animals for biomedical 
research (Pittman 1990).

• Problematic words. Many of the terms that we use in discussing the ethical use of animals lack 
precise or universally accepted definitions. With regard to the use of the term obscenity, there 

www.ebook3000.com

http://www.ebook3000.org


49Bioethics and Animal Use in Programs of Research, Teaching, and Testing

is an old adage; it can be hard to define, but “we know it when we see it.” Well, this colloquial 
expression can apply equally well to the terms wellbeing, distress, and suffering; we cannot 
exactly define them, but we know them when we see them.

  General wellbeing: To assess an animal’s general well-being, one may use physiological 
criteria, behavioral criteria, or functional criteria, or a combination of all three, in an effort to 
arrive at an approximation of well-being.

• Physiological criteria: Animals must be able to maintain internal homeostasis in order 
to survive. Most physiological parameters can be measured, many by non- or minimally 
invasive procedures (e.g., body temperature or blood cortisol levels). “Normal” ranges for 
the parameters can be established, and animals with values within those parameters may 
be said to have an appropriate level of physiological well-being.

• Functional criteria: Functional means can the animal function normally within the cir-
cumstances of its life; for example, can it obtain and utilize adequate nutrients to maintain 
itself, can it engage in adequate reproductive behavior to propagate its species at a relatively 
normal rate, and/or can it engage in sufficient grooming behavior to prevent injury to itself?

• Behavioral criteria: Many persons involved in trying to assess animal well-being advocate 
that behavioral criteria are more reliable than are either physiological or functional criteria. 
They base their position on the proposition that psychological and subclinical physiological 
stress or distress will manifest in abnormal behavior. The problem with this approach is 
that there is no uniform agreement on what is the normal behavioral baseline against which 
to judge whether a particular behavior is abnormal. For example, should we use the normal 
behavior of tigers living in the wild as the baseline for assessing the behavior of a captive-
bred tiger living in a zoo when the cat has never known what life in the wild is like and 
appears to be physiologically and functionally doing well even though it repeatedly paces 
in its enclosure (mimicking a tiger’s travels over its range?) without injury?

  Psychological wellbeing: The U.S. Federal Animal Welfare Act implementation regula-
tions (Part 3, “Standards,” Subpart D, §3.81) require that institutions provide “environment 
enhancement to promote [the] psychological well-being” of nonhuman primates (Federal 
Animal Welfare Act and Animal Welfare Regulations 2013, emphasis added). While one may 
be able to assess the general well-being of an animal by using the three criteria above, assessing 
its psychological well-being may not be so simple. “To assess an animal’s ‘psychological’ state 
(‘well-being’ or otherwise), requires [lingual] communication of feelings”; thus, “when evalu-
ating an animal’s well-being, the most parsimonious [simplistic] approach is to use behavioral 
indices. To say that ‘abnormal’ behaviors indicate abnormal ‘psychology’ is to make a great 
leap and say that you are able to get inside the mind of animals” (Rasmussen 2000). Therefore, 
we can truly assess psychological well-being only in conscious, lingual humans. Even with 
a nonverbal human patient, psychological well-being cannot be assessed. For example, per-
sons in comas do not receive antidepressant drugs since it cannot be determined that they are 
depressed. There can be no psychological intervention with a person in a coma since their 
psychological state cannot be determined.

  In truth, there is probably no universally accepted way to assess the psychological well-
being of any nonhuman animal, even though it is required in the U.S. regulations for nonhu-
man primates. To meet this requirement, behavioral criteria appear to be acceptable to ensure 
compliance with the law.

  Distress: Distress may be defined as physical or mental anguish or suffering; however, as 
has been stated many times, much of the difficulty in achieving a broadly accepted approach 
to categorizing, and then addressing, pain and distress is due to the absence of a concise defi-
nition. From a behavioral perspective, this inability to arrive at a Webster’s Dictionary type 
of definition is due in part to the fact that (1) pain and distress are not discrete states, but are 
a continuum of experience; (2) signs differ between species, and most animals hide signs of 
pain because such a sign of weakness may provoke an attack from predators or subordinate 
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members of the group; (3) there is a lack of specific behavioral indicators of pain and distress; 
(4) in the course of identifying distress, interobserver variability can be large; and (5) there 
is a tendency to anthropomorphize, which is encouraged by U.S. government principle IV. 
That principle states that “unless the contrary is established, investigators should consider that 
procedures that cause pain or distress in human beings may cause pain or distress in other 
animals” (Institute for Laboratory Animal Research 2011). Note that this principle seems to 
associate distress with pain, which is commonly, but not universally, the case. Distress may be 
caused by factors other than pain, for example, noise, crowded enclosures, pheromones from 
other species, and environmental temperatures. As with psychological well-being discussed 
above, distress is often assessed by the animal’s behavior. Physiological and functional criteria 
can also be used, with behavior, to identify distress.

  Suffering: One could define suffering as an unpleasant emotional state associated with 
pain or distress. However, this definition would not seem to provide practical guidance when 
attempting to determine whether an animal is suffering when obvious gross indications are 
absent. Trying to define suffering in a manner that would be acceptable to all, which covers all 
the possible situations that may be associated with animal use in biomedical activities, is very 
difficult and, possibly, impossible. The previous discussion regarding well-being would seem 
to be applicable here, as if well-being is adequately addressed in an institution’s animal care 
and use program, animal suffering would be minimized or eliminated to the maximum extent 
possible.

  Alternatives: The term alternatives is most frequently interpreted as meaning the replace-
ment of animals in biomedical activities with nonanimal technology. Tissue cultures (both 
human and animal), computer modeling and simulation, in vitro techniques, and retrospective 
statistical analyses are only a few examples of techniques that can replace the use of animals 
in some cases. Several organizations have been established to promote and develop nonani-
mal alternatives (e.g., the U.S. Department of Agriculture Animal Welfare Information Center 
[2015], the Interagency Coordinating Committee on the Validation of Alternative Methods 
[2015], the Center for Alternatives to Animal Testing [2015], FRAME [2015], and the National 
Centre for the Replacement, Refinement & Reduction of Animals in Research [2015]).

  Is there an acceptable alternative methodology that does not require the use of animals? 
There are a few circumstances where a nonanimal alternative can replace the use of an ani-
mal. For example, for some compounds the Corrositex test method for dermal corrosivity 
can be used as a stand-alone assay for evaluating corrosivity and replace the use of animals 
(Corrositex 2015). It is likely that as more is learned about cellular biology and function, 
as well as molecular biology, the development of more nonanimal methodologies will be 
validated and replace animals used in some research activities. However, the “horns of our 
dilemma” are that the primary reason animals are used in biomedical research activities is the 
exquisite complexity of intact living organisms. It is highly unlikely that alternative method-
ologies will replace most animal use any time soon. However, what is certainly safe to say is 
that validated, nonanimal methodologies will be welcomed by most individuals responsible 
for biomedical activities currently involving the use of live animal subjects, if for no other rea-
sons than a simple aversion to the use of sentient animals for biomedical activities and, from 
a purely pragmatic calculation, the alternative may be less expensive and faster than using 
animals. Few researchers would prefer the complexity and burden of animal experimentation 
if there were accurate alternatives.

  As is true of general science advancements today, potential alternative technologies are 
emerging rapidly. For example, recent reports have been published describing the develop-
ment of a “brain” in a dish (cell culture) that may replace animals in studies of brain cell func-
tion in some cases (Erickson 2015). At the 2015 annual meeting of the American Association 
for Laboratory Animal Science, the keynote speaker, Dr. Uwe Marx, presented an exciting 
summary of current efforts to develop human “multiorgan chips” or micro test cells. Other 
presentations elaborated on some of the organ test systems in existence that can simulate one 

www.ebook3000.com

http://www.ebook3000.org


51Bioethics and Animal Use in Programs of Research, Teaching, and Testing

or two organs that can be used in toxicological testing in lieu of live animals. While these sys-
tems are largely in the validation stage, Dr. Marx believes that within 20 years, there will be 
validated systems that will consist of up to 10 different “organoids” on a single chip that will 
actually be capable of interacting with each other, thus providing a cell culture–based alterna-
tive to a living animal for screening tests of candidate pharmaceutical agents or toxicological 
studies.

  Another relatively new nonanimal alternative to live animals has been developed for teach-
ing veterinary students rectal palpation of cattle and horses using haptic (sense of touch) virtual 
reality simulators. Using these simulators, veterinary students gain the ability to conduct such 
exams before they conduct them on live animals, significantly reducing the need for live ani-
mals in the students’ early efforts to learn how to accomplish these diagnostic examinations 
(Farminguk Web Page 2015). Along with high-fidelity mechanical manikins, these simulators 
are reducing the use of live animals in many medical and veterinary school training programs.

  As an aside, most individuals proposing to use animal subjects in biomedical activities are 
usually well informed about the latest validated alternative (to animals) technology that would 
be appropriate for use in the proposed activities and invariably will have already incorporated 
them into their activities. After all, as already noted, it is in their own self-interest to use the 
best, and least expensive, technology to obtain the highest-quality data. Besides, most scientists 
and research technicians will likely be emotionally delighted to use a nonanimal alternative, 
rather than live animals, so long as the alternative methodology provides equivalent results.

• Where to draw the line?

  If society were to decide that at least sentient animals have moral or legal rights, where 
along the taxonomic scale should the line be drawn? Today, most laws and regulations govern-
ing how we treat animals apply only to vertebrate animals and, in some cases, only certain ver-
tebrate species. The theory for selecting these taxonomic criteria is that only vertebrates have 
the anatomical and physiological capacity to be considered sentient and thus experience pain. 
However, it has been well demonstrated that at least some invertebrate species, for example, 
octopuses, have a level of intelligence that would infer sentience (Borell 2015). Even earth-
worms produce endorphins, which are hormones that are known to function to reduce pain in 
humans (DeGrazia 1996), perhaps indicating that earthworms can feel pain and thus might be 
sentient. It might be concluded that trying to define a firm line dividing animals into those that 
are deserving of rights and those that are not, based on sentience, would be extremely difficult, 
if not impossible. Thus, the best ethical approach would be to provide the best, least aversive 
care for all animals used in biomedical activities.

Public Perceptions about the Use of Animals in Biomedical Activities

As documented in the two references cited, a majority of the public support the use of animals in bio-
medical activities provided the animals are “humanely” cared for and used and the activity is “neces-
sary” (Cox and Montrose 2016; NABR 2016).

• Many in the general public seem to believe that many animals used in biomedical activities 
“suffer,” at least to some extent. If one were to ask a friend or acquaintance who has nothing to 
do with biomedical activities if it is okay to use animals in biomedical activities, it is likely that 
the response would be something like, “Well, it’s a shame that they have to suffer, but it’s okay 
if [followed with some qualifying statement].” Control, or preferably elimination of pain and/or 
distress, seems to be a major concern of many individuals. Thus, control or elimination of pain 
and/or distress should be a major commitment of all animal care and use programs, and provi-
sions for minimizing pain and/or distress should be well documented in proposals for animal 
use and in actual application during the accomplishment of animal use activities. When talking 
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to lay audiences about the pain issue, one may use the following example regarding toothache 
pain to illustrate how pain can be addressed in biomedical activities:

Ask those present to recall the last time they had a toothache and follow with the question, 
“When you first became aware of the pain, did you immediately make an appointment with a 
dentist or, more likely, did you think to yourself, ‘Oh, it will go away’?” Then note that most 
likely the answer for most in the audience would be the latter; that is, they waited until the pain 
became intolerable to consult a dentist. Then point out that the first inclination of pain would rep-
resent the “perception threshold,” and the intolerable point would be the “tolerance threshold,” 
and studies involving some level of minimum pain likely could be considered acceptably humane 
if the level was only at or near the perceptual threshold and well under the tolerance threshold. 
This approach seems to be received well by most members of audiences. In addition, a discussion 
of the availability and use of modern analgesics to control pain in animals used in biomedical 
activities also seems to be well received by lay audiences.

• Also, it seems that many in the public believe that the use of animals in biomedical activi-
ties is, at best, poorly regulated—in spite of the fact that in the United States alone, there are 
approximately 42 laws and regulations that can govern how animals are cared for and used in 
biomedical activities, depending on the nature of the studies and the source of funding (see 
Attachment I for some selected examples). The number and variety of regulations that gov-
ern animal use in biomedical activities worldwide is truly impressive (AAALAC International 
2015). Unregulated, hardly!

Media Portrayal of Animal Use in Biomedical Activities

The cover art of the December 26, 1988 Newsweek magazine issue depicted an illustration of a black and 
white striped cat sitting in a completely bare, wire cage just slightly larger than the animal. The expres-
sion on the cat’s face staring at the observer could be anthropomorphically interpreted as “apprehensive.” 

The cover presents multiple subliminal messages that could sway a layperson’s perception about bio-
medical activities involving the use of animals. To begin with, the animal shown is a “warm and fuzzy” 
cat, not a “creepy crawly” rat or mouse. In addition, the photo implies that the cat lives in a sterile cage 
that is obviously way too small for it and lacks food, water, a litter box, or a resting shelf. Then, finally, 
what might be the most powerful subliminal message is in the title and, most importantly, the subtitle, 
i.e., “The Battle over Animal Rights: A Question of Suffering and Science” [emphasis added]—that is, 
animal suffering is the norm in research using animals (with the “truth” of this statement being “proven” 
by the obvious “cruelty” of how the cat is being housed)!

Much of the media material about the use of animals in biomedical activities over the last five or so 
decades appears to be biased toward the animal rights point of view, frequently equating animal rights 
and animal welfare as synonyms. These apparent biases are frequently a result of the reporters or com-
mentators not being well versed about the material they are presenting. Another significant reason for 
this misreporting is the research community’s apparent reluctance to present the facts about our bio-
medical activities. For example, an institution gets a multi-million-dollar, multiyear grant for a project 
involving the use of animal subjects, but the announcement of the grant emphasizes the dollar amount 
and alludes to the importance of the project in terms of human health or scientific discovery, but rarely 
mentions the animals to be used. Announcements of some new, allegedly significant discovery usu-
ally laud the institutional support and the scientist making the discovery but almost never includes any 
acknowledgment of the critical role the use of animals played in making the discovery. One can make the 
case that emphasizing the use of animals in our biomedical activities carries the risk that those opposed 
to such animal use may target institutions that are forthcoming. However, by having highly ethical car-
ing and legally compliant animal care and use programs that can withstand public scrutiny, along with 
being proactive and forthcoming with our public stakeholders, including the media, we should be able to 
ultimately persuade the general public of the validity of our activities.
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Value of Biomedical Activities Involving Animals

If you Google “advances in medicine and science attributed to animal research,” you will find more than 
7.5 million results. These include numerous lists of advances in biomedical disciplines, as well as numer-
ous sites refuting the “facts” of such claims, using emotional arguments and examples of some misdeeds 
by some scientists, to denigrate those using animals in biomedical activities.

As is the case with most human activities, there have been examples of inappropriate animal care or use 
in some biomedical activities at some institutions. However, if there are a few examples of children being 
mistreated in childcare centers, all childcare centers are not closed; rather, the guilty parties are punished 
and the management of their specific centers corrected or the centers closed. Thus, because there have 
been some (likely a very small percentage of individuals or institutions involved in conducting biomedical 
activities) instances of inappropriate or illegal violations of contemporary standards for the care, use, or 
welfare of animals in biomedical activities, caution should be exercised not to paint the entire biomedical 
community with the same paintbrush. In addition, those institutions and individuals that are found to be 
violating standards, policies, and laws are frequently subject to severe penalties if discovered.

Former U.S. Surgeon General C. Everett Koop, MD, has been quoted as stating, “Virtually every 
major medical advance for both humans and animals has been achieved through biomedical research 
using animal models to study and find a cure for a disease and through animal testing to prove the safety 
and efficacy of a new treatment” (Anonymous 2001). Not only is Dr. Koop’s statement true, but also it is 
likely that the majority of medical advancements and achievements that we take for granted today have 
been the result of activities using animal subjects.

Some Specific Examples of the Value of Animal-Based Medical Research

In the 1960s, thalidomide (generic name rofecoxib, trade name Vioxx), a drug used in sleeping pills 
and sedatives, was discovered to help alleviate morning sickness in pregnant women and was widely 
used in Europe and other countries. However, due to one Food and Drug Administration (FDA) inspec-
tor who believed that there were insufficient animal data to support its use in pregnant women, and in 
spite of much pressure to approve the drug for use in the United States, thalidomide was not approved 
for sale in the United States for use by pregnant women. Within several years of thalidomide being first 
prescribed for pregnant women, it became obvious that the drug was causing limb malformations in 
newborn infants and its sale was halted worldwide. The FDA inspector who held up approval of the drug 
in the United States was Dr. Frances Kelsey, a Canadian working at the FDA. In 1962, Dr. Kelsey was 
awarded the President’s Award for Distinguished Federal Civilian Service by President John F. Kennedy, 
largely in recognition of her efforts to keep thalidomide out of the U.S. market (Wikipedia Web Page 
2015). In June 2015, she was named to the Order of Canada, again largely in recognition of her efforts 
to keep thalidomide off the market, but also for being “an instrumental figure in shaping and enforcing 
drug licensing protocols.”

Dr. Albert Sabin, recognized as the developer of the oral polio vaccine, in a personal letter to this 
author, dated September 28, 1991, noted thusly, “My own experience of over 60 years in biomedical 
research amply demonstrated that without the use of animals and of human beings, it would have been 
impossible to acquire the important knowledge needed to prevent much suffering and premature death 
not only among humans but also among animals.” Also, in a paper published in the Journal of the 
American Medical Association, Dr. Sabin noted that “during the preceding four years approximately 
9,000 monkeys, 150 chimpanzees, and 133 human volunteers have been used thus far in the quantita-
tive studies of the various characteristics of different strains of polioviruses” (Sabin 1956). Even though 
use of the oral polio vaccine has been discontinued in many of the world’s developed countries (due to 
the reported incidence of 1 in 2.4 million cases of induced polio in recipients of the vaccine and the 
increased safety of the injectable vaccine), it is still used in many developing countries due to the ease of 
administration and some cultural resistance to the injectable vaccine.

Dr. Helen Taussig was the codeveloper (with Drs. Alfred Blalock and Vivien Thomas) of the Blalock–
Taussig–Thomas shunt for correcting the malposition of cardiac vessels with or without ventricle 
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perforations in newborn infants (commonly called the blue baby syndrome, which, uncorrected, invari-
ably led to the death of the affected infants). In a personal conversation with this author (ca. mid-1960s), 
she indicated that the use of dogs was absolutely critical in the development of the shunt, and because of 
the results of the dog studies, early surgeries on human infants were largely successful. On September 
28, 1962, in testimony before the congressional house hearing of the Subcommittee of the Committee 
on Interstate and Foreign Commerce, Dr. Taussig affirmed that the use of dogs had been critical for the 
development of the Blalock–Taussig–Thomas shunt and noted that the procedure had “saved thousands of 
lives throughout the world. It opened up the field of pediatric cardiac surgery” (Taussig 1962).

Dr. Emanuel Grunberg, while not as well known by the public as Drs. Sabin and Taussig, was a mem-
ber of the team that discovered the antituberculosis drug isoniazid. In the early 1950s, Dr. Grunberg was 
working at Roche Pharmaceuticals, where there was a major program to find an antibiotic that would be 
effective against Mycobacterium tuberculosis, the causative agent of human tuberculosis. Prior to the 
discovery of isoniazid, the only antibiotic that was available to treat tuberculous was streptomycin, but it 
was more bacteriostatic than bactericidal and treatment could take years and long-term use of the drug 
could lead to some serious potential side effects, such as vertigo and allergic reactions. Over dinner at his 
son’s house one evening (ca. mid-1980s), Dr. Grunberg told this author that testing of isoniazid in mice 
was a critical factor in discovery of the drug, as in vitro testing with it indicated only marginal effective-
ness against M. tuberculosis. However, when tested in mice it proved to be highly effective against the 
bacterium, an effect ultimately determined to be a result of a metabolic product produced by the animals 
that was the active agent. Isoniazid is still considered to be a first-line medication in the prevention and 
treatment of tuberculosis.

Is History Prologue?

In a 2011 Hastings Center Report, Dr. Larry Carbone wrote, “History is informative, but not conclusive. 
To say that dogs were vital to the discovery of the role of the pancreas in diabetes in the 1920s is not to 
conclude that other approaches could not have worked then, or that the dog studies would be necessary 
in the twenty-first century” (Carbone 2011). Dr. Carbone’s implied caution about using the criticality of 
some past use of animals as justification for continued use of animals can be problematic when viewed 
through the lens of contemporary technological knowledge.

However, conscientious application of the 3Rs should maximize the probability that future use of 
animals in biomedical activities will prove to have been valid in the context of our knowledge today. 
Contemporary knowledge may still require an animal model for studies of diabetes, but it may be a 
genetically altered mouse hosting human pancreas cells rather than dogs. More importantly, critical 
well-designed research, based on well-documented rationale and that can best be completed using ani-
mals today, should not be delayed on the hope that a better alternative might be discovered sometime in 
the future.

Impact of Emerging Technologies

All too often scientific advances occur at a rate greatly outpacing the ability of philosophers, ethicists, 
politicians, and the general public to address issues that arise therefrom. The cloning of animals, the 
creation of chimeric animals that host human cells, the genetic manipulation of germ cell DNA to per-
manently eliminate a genetic disease in future offspring, and so forth, have raised serious ethical issues 
in the past, are doing so today, and most certainly will continue to do so in the future as yet undiscovered 
biomedical technologies advance. As a single example, recall the ethical uproar that arose about the 
use of human embryonic stem cells when early studies required obtaining cells from human embryos 
or umbilical cord blood. Now, at least in some cases, technology allows us to regress one’s own fat stem 
cells to their pluripotential state and use them to treat some medical conditions, largely negating most of 
the previous concerns about human stem cell research.

It is impossible to predict here what kinds of new biological or biomedical technologies will emerge 
in the future. With regard to the use of animals in biomedical activities, review committees need to 
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be informed about any potential adverse effects that a new technology may have on the welfare of any 
animals involved in a proposed activity. For example, if the proposed activity involves creating a novel 
genetically modified strain of mouse, the responsible applicant should be required to provide (1) the best 
possible prediction regarding adverse impacts on the animals’ welfare, (2) the criteria for determining 
whether any adverse impacts on the animals’ welfare occur, (3) a description of how any adverse impacts 
on the animals’ welfare will be addressed when or if they occur, and (4) the criteria that will be used to 
determine when to terminate the use of an affected animal due to welfare concerns (humane endpoint). 
The same four aspects of any new technology involving animal subjects should also be addressed in 
active proposals.

Can Animal Use Be Prohibited?

Could we do away with the use of animals in biomedical activities? Of course we can, but at what cost? 
Abolishment of the use of animals (just vertebrates or all sentient animals) in biomedical activities 
would most certainly impede advances in human and veterinary medicine, impede foundational basic 
research, and probably significantly slow advances in knowledge that would alleviate future human and 
animal suffering. What it would not do is significantly minimize human exploitation or use of animals 
since the single thing that could be done as a society to mitigate animal use would be to mandate by law 
vegetarianism or vegan lifestyles, which would immediately “save” billions of future animals that would 
be produced for consumption.

Application of Ethical Concerns of Oversight Bodies Such as Institutional 
Animal Care and Use Committees and Ethics Review Committees

In the various countries with regulations regarding the use of animals in biomedical activities, there are 
instances where committees charged with reviewing the use of animals are specifically expected to con-
sider the ethical aspects and implications of the proposed activities during their deliberations. That said, 
and considering that references to “ethics” or “biomedical ethics” are frequently absent from regulatory 
or policy documents, it is proposed here that all such committees, as well as institutional managers and 
officials, have at least an implied responsibility to consider the ethical aspects of any proposed use of 
animals, whether or not required by law, regulations, or guidelines. In cases where there may be serious 
ethical concerns about a particular activity, strong justifications for approving the animal use should be 
well documented by the individual or unit requesting such use.

For instance, members of an Institutional Animal Care and Use Committee (IACUC), as constituted 
by the U.S Federal Animal Welfare Act (Federal Animal Welfare Act and Animal Welfare Regulations 
2013) and/or the U.S. Public Health Service Policy on Humane Care and Use of Laboratory Animals 
(U.S. Department of Health and Human Services 2015) (and their respective regulations and policies), 
should consider the “scientific merit” of a proposed activity. The argument against consideration of merit 
by these review committees is usually presented something like this: “Since funding agencies base their 
awards largely on the merit of proposals, and have their own review procedures to specifically evaluate 
the merit of applications, local review committees should not review proposals for merit.” However, if an 
IACUC member believes that there truly is no merit to a proposed animal use activity, only a disapproval 
vote would make ethical sense. Thus, each IACUC member must be convinced that there is at least some 
minimal level of merit to vote for approval. Obviously, the acceptable level would be an individual deci-
sion. While “merit” has not been discussed heretofore as a component of an “ethical” review, it would 
seem that approval of an activity that is believed to be truly without merit would be unethical.

In addition, if the members of a review committee determine that there is sufficient merit to  consider 
a request for animal use, they should then determine whether the proposal for the activity has, at a mini-
mum and to the greatest extent possible, (1) addressed the 3Rs, (2) documented that the proposed animal 
model is the best possible one for use, (3) shown that all care and use procedures have been well addressed 
so that the welfare of the animals is ensured to the greatest extent possible, and (4) demonstrated that 
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there are adequate resources available to care for the animals. Only then should a vote for approval be 
received.

While not always available, effort should be made to identify a person trained in bioethics to be a 
member of all review committees.

Risk (Harm) versus Benefit Assessment

Generally, cost–benefit assessments are made in regard to the financial costs of a project versus the 
potential income to be expected or, in the case of some projects, such as a new interstate highway, the 
potential for fewer vehicular accidents and/or the more efficient movement of traffic, all with reasonably 
well-established criteria and methodologies for accomplishing the necessary data analyses.

Even risk–benefit assessments with regard to new or potential medical treatments in human medicine 
can be accomplished using reasonably well-defined criteria; however, integral to these assessments is 
input and informed consent from the mentally competent patient, human research subject, or competent 
human guardian for the patient or research subject (Pinkertom et al. 2002). In all these cases, the poten-
tial for benefit (to the patient or subject) must outweigh the potential risks or harm.

In regard to the use of sentient animals in biomedical activities, such assessments suffer from four very 
significant problems: (1) the animals cannot participate in the discussions, nor can they give informed 
consent; (2) in at least some cases, the animals will be subjected to situations that, even with conscientious 
application of the 3Rs, will result in at least some discomfort, distress, or [hopefully] minimal pain; (3) in 
many if not most cases, the animals will be euthanatized at the end of the activity for purposes of collection 
of organs, tissues, or other biological samples; and (4) consideration must be given to who will approve the 
animal use. The decision to use animals in biomedical activities may depend on the principal investigator, 
animal review committee members (including the public members), institutional administrators (such as in-
house grants supervisors), representatives of regulatory or funding agencies, or ethicists. Thus, these prob-
lems make it imperative that review procedures are structured to be as objective and transparent as possible.

In a recent issue of Lab Animal, Drs. Kinter and Johnson (2015) provided an excellent discussion 
on the use of the terms risk–benefit or harm–benefit with regard to assessing proposals for the use of 
animals in biomedical activities. They make an excellent case for maintaining the term risk–benefit as 
found in the American Guide for the Care and Use of Laboratory Animals (Institute for Laboratory 
Animal Research 2011) versus the term harm–benefit as found in Article 38 of European Directive 
2010/63/EU. The authors conclude by recommending “that scientists, IACUCs, and groups that accredit 
animal research programs maintain the language and concept of ‘risk-benefit analyses’ for assessing the 
risk that research animals might experience pain, distress, or injury. ‘Risk-benefit analysis’ transparently 
and unambiguously describes and addresses the necessary considerations of animal research, and its ter-
minology agrees with the specific language in the Guide for the Care and Use of Laboratory Animals” 
(Institute for Laboratory Animal Research 2011). That is, risk (of pain, physical harm, etc.) can be more 
reasonably predicted and quantified than can the harm, although, some harm may occur even if the risks 
are low (e.g., euthanasia for collection of tissue samples).

In a 2010 article published in the Archives of Biological Science, a case is made for the use of the term 
cost–benefit rather than risk–benefit, in that “the term ‘cost’ defines the expected harm, pain and distress 
that is likely to be experienced by the animals.” However, as noted above, the authors failed to provide 
objective criteria for quantifying the relative costs (to the animals) versus the benefits to be derived from 
the studies (Kostomitsopoulos and Durasevic 2010).

Role of Animal Care and Use Administrators, Directors, 
and Managers in Fostering Ethical and Compliant Programs

As noted in the introduction to this chapter, institutional officials and managers of animal care and use 
programs who understand the origins and foundations for the variety of public perceptions regarding the 
use of animals in biomedical activities will likely be better able to organize their programs to minimize 
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the possibilities for criticism and maximize their ability to respond in a positive manner to any such criti-
cisms. Even though this knowledge of history and the various ethical concepts and philosophies about 
animal use in biomedical activities will enable managers to establish operational policies and procedures 
of a truly ethical program, there will never be a program totally acceptable to all the public stakeholders.

Animal care and use program managers should insist on the necessity of quality animal care and 
use programs and be vocal advocates for the animals and the users. These are not contradictory roles. 
Strongly advocating for quality animal care and at the same time assisting the animal users in designing 
legally compliant and ethically appropriate proposed activities are complementary and will maximize 
the probability of quality science.

A major role for managers is to ensure that all members of the animal care and use staff are fully aware of 
the reasons animals are used in biomedical activities and of the efforts in place to ensure that they are used in 
the most ethical and humane manner possible. Hopefully, successful managers will help all staff personnel 
understand that their institution’s programs for animal care and use are ethical, necessary, and of high moral 
quality and will ensure that those beliefs are based on factual knowledge about the institution’s programs.

In some institutions, directors and managers of animal care and use programs may be asked to partici-
pate with public affairs officers in responding to inquires about animal use since they may be the staff 
members who are most familiar with the institution’s animal use program. In such cases, the institution 
would be remiss if it did not provide professional media training to the director or manager.

Application of Ethical Concerns by Other Institutional Individuals

While it should be obvious, it is in the best interest of both all institutions and all individuals within an 
institution to conduct all animal care and use activities in an ethical manner, and it is intrinsically impor-
tant to do so. Because of the controversies involved in the use of animals in biomedical activities, it is 
especially important that all personnel, at all levels, be supportive of efforts to foster implementation of 
ethical and legally compliant animal care and use programs.

The emphasis on an institution’s commitment to having an ethical and legally compliant animal care 
and use program should start with the chief executive officer issuing an unambiguous statement indicat-
ing that the institution believes that the appropriate use of animal subjects in biomedical activities is 
necessary, and that there is a firm commitment to conduct such activities in the most ethical and compli-
ant manner possible. This statement and the commitment it documents should be prominently displayed 
throughout the institution and included in all in-house training materials. As part of this commitment, 
there should be well-documented support for quality programs of animal care and use, and this should 
be prominently advertised through the use of posted policies encouraging the reporting of any concerns 
about animal care and use, with assurances that persons reporting concerns will not be penalized for 
coming forward, and listing the institutional officials to whom concerns should be reported.

To maximize the quality of an institution’s animal care and use program, and minimize to the extent 
possible any unethical or noncompliant situation, all ancillary support personnel must be included in 
the institution’s training program so that they are knowledgeable about the requirements for the use of 
animals in biomedical activities that apply to their respective areas of responsibilities.

Other individuals who may be overlooked as needing information regarding an institution’s commit-
ment to, and implementation of, a quality animal care and use program are the members of other insti-
tutional review committees that have oversight responsibilities for certain biomedical activities, such as 
biosafety, occupational health, radiological safety, and laboratory safety, all activities that may involve 
the use of animal subjects.

Value of External Review of Animal Care and Use Programs

As good as an animal care and use program may be, it never hurts to have a review by a disinterested 
individual or organization that is not regulatory in nature. Today, the “gold standard” for such external 
review is accreditation by AAALAC International. While AAALAC International accreditation is not 
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inexpensive or easy to obtain and keep, it is well worth it. The post–site visit report that the institution 
receives is of tremendous value in determining the quality of the institution’s animal care and use program 
and will highlight any deficiencies discovered. One of the best aspects of this external review is that it is 
conducted by highly qualified individuals, who are thoroughly knowledgeable about animal use in bio-
medical activities, and the results of the review are completely confidential. These external review panels 
can sometimes identify “problems” that could lead to, or be interpreted as, impacting the ethical status 
of an institution’s animal care and use program, which can then be addressed and corrected if necessary.

Conclusion

As noted in the introduction, there are no black and white answers regarding the bioethics of animal 
use in programs of research, teaching, and testing, and it depends on a person’s experience, knowledge, 
understanding of the issues, and personal philosophy. Philosophically, none of the various philosophies 
presented earlier in the chapter, including animal rights, are necessarily wrong, nor are any of them uni-
versally accepted. Thus, we may perceive that we are wallowing in a philosophical quagmire. However, 
a conscientious effort and commitment on our part to establish and maintain animal care and use pro-
grams of the highest quality, including the fullest implementation possible of the 3Rs and responsible 
use of animals, will enable us to be comfortable that we are providing the most ethical and morally 
acceptable program possible.

Hopefully, the material presented herein will be helpful to new and experienced administrators and 
managers of animal care and use programs involved in biomedical activities in developing their personal 
understanding of the complexity of the ethical and moral issues involved in our profession, and in instill-
ing that understanding in those they work with and for at their institutions.

ATTACHMENT I

Selected Examples of the Laws and Regulations That May Apply 
to Biomedical Activities Conducted in the United States and Canada

• Federal Animal Welfare Act and Regulations (http://www.aphis.usda.gov/).

• Public Health Service Policy (http://grants.nih.gov/grants/olaw/olaw.htm) and the associated 
Guide for the Care and Use of Laboratory Animals (the Guide), published by the National 
Research Council, and most recently revised in 2011 (https://grants.nih.gov/grants/olaw/Guide 
-for-the-Care-and-use-of-laboratory-animals.pdf).

• Good Laboratory Practice Act. This act and its implementing regulations are enforced by 
the federal FDA, and the provisions of the act may impact how the care and use of animals 
is documented when animals are used in biomedical activities resulting in data submitted in 
support of applications for approval of a new pharmaceutical agent or medical device (http: // 
www.21cfrpart11.com/files/library/pred_rules/mcdowall_glp_annotate.pdf).

• Good Manufacturing Act. As with the Good Laboratory Practice Act, this act and its imple-
menting regulations are enforced by the federal FDA and the provisions of the act may impact 
how the care and use of animals is documented when animals are used in activities involv-
ing the manufacturing of pharmaceutical products (e.g., to test efficacy) (http://www.fda.gov 
/Drugs/DevelopmentApprovalProcess/Manufacturing/ucm169105.htm).

• Lacey Act. Under the Lacey Act, it is unlawful to import, export, sell, acquire, or purchase 
fish, wildlife, or plants that are taken, possessed, transported, or sold (1) in violation of U.S. 
or Indian law or (2) in interstate or foreign commerce involving any fish, wildlife, or plants 
taken possessed, or sold in violation of state or foreign law. The law covers all fish and 
wildlife and their parts or products, plants protected by the CITES, and those protected by 
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state law. Commercial guiding and outfitting are considered to be a sale under the provisions 
of the act (http://www.fws .gov/international/laws-treaties-agreements/us-conservation-laws 
/lacey-act .html).

• Convention on International Trade in Endangered Species of Wild Fauna and Flora (https: // 
www.cites.org/). Depending on the species of animals being sought for biomedical activities, 
CITES provisions may preclude using them and/or may require special permits and waivers to 
obtain them.

Other Import and Export of Animals

• Animal and Plant Health Inspection Service (APHIS) (https://www.aphis.usda.gov/wps/portal 
/aphis/ourfocus/importexport)

• Centers for Disease Control and Prevention (CDC) (http://www.cdc.gov/importation/bringing 
-an-animal-into-the-united-states/)

• U.S. Fish and Wildlife Service (http://www.ncbi.nlm.nih.gov/books/NBK19632/).

• Interstate transport—APHIS

State and Local Regulations

Institutions using animals in research, teaching, or testing may be subject to additional state and local 
laws. State and local legislatures should be consulted for more details. For example, in the state of Nevada, 
the Nevada Department of Wildlife requires permits for trapping wild native animals for research and for 
having and maintaining certain prohibited species, such as African clawed frogs.

Guidelines

Many professional societies publish “best-practice” guidelines for use of animals in biomedical activi-
ties. While such guidelines may not be legally binding, they may affect public perceptions about an insti-
tution’s animal care and use program, as well as a program’s ability to obtain AAALAC International 
accreditation. Some examples of such guidelines are

• Guide for the Care and Use of Agricultural Animals in Research and Teaching (Ag Guide). 
The Ag Guide is published by the Federation of Animal Science Societies (FASS) and was most 
recently updated in 2010 (http://aaalac.org/about/Ag_Guide_3rd_ed.pdf).

• Guidelines of the American Society of Mammalogists for the Use of Wild Mammals in Research 
(http://www.mammalsociety.org/uploads/Sikes%20et%20al%202011.pdf).

• The Ornithological Council’s Guidelines to the Use of Wild Birds in Research (http://www 
.nmnh.si.edu/BIRDNET/guide/).

• The American Society of Ichthyologists and Herpetologists’ Guidelines for the Use of Fishes in 
Research (2013) (http://www.asih.org/sites/default/files/documents/publica tions/asf- guidelines 
-use-of-fishes-in-research-2013.pdf) and Guidelines for Use of Live Amphibians and Reptiles 
in Field and Laboratory Research (http://www.asih.org/sites /default/files/documents/resources 
/ guidelinesherpsresearch2004.pdf).
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Behavioral Management Programs 
to Promote Laboratory Animal Welfare

Mollie A. Bloomsmith, Jaine E. Perlman, Eric Hutchinson, and Mark Sharpless

Introduction to Behavioral Management

Animal care in research, teaching, and testing facilities has undergone a remarkable transformation in 
the past two decades, and there is a heightened emphasis on the psychological status of animals living 
in these institutions. Today, providing for the psychological well-being of research animals is an integral 
part of animal care programs and is key to promoting a “culture of caring” within our facilities. This 
change occurred as the scientific community realized that animals have many behavioral needs, which, 
if not met, can adversely affect their behavior, physical health, and research utility. Programs to address 
the well-being of laboratory animals by providing them with more complex and interesting environments 
are now common across all taxa, including primates, dogs, cats, pigs, sheep, rodents, rabbits, birds, 
and fish.

The term behavioral management refers to a comprehensive approach to improving the welfare 
of captive animals by employing social housing, environmental enrichment, animal training, facility 
design, and the assessment of behavior and behavioral problems. Behavioral management builds from 
a foundation of understanding the behavior of the target species (or of closely related species) in natu-
ral conditions, with the aim of improving animal care and enhancing animal welfare. An important 
premise of behavioral management is that the individual components of enrichment, animal training, 
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social housing, and behavioral assessment can be integrated to achieve behavioral goals for captive ani-
mals better and more completely than any one technique applied in isolation. Behavioral management 
practices that improve psychological well-being and reduce stress for research subjects are important 
refinements in animal care.

Social housing of laboratory animals is fundamental to effective behavioral management programs 
since the most commonly used laboratory animals are social species. The Guide for the Care and Use 
of Laboratory Animals (hereafter referred to as the Guide) states, “Appropriate social interactions 
among members of the same species (conspecifics) are essential to normal development and well-being” 
(National Research Council 2011, p. 64). Social housing in compatible groupings or pairs offers the ani-
mals opportunities for engaging in a variety of species-typical behaviors, such as grooming, affiliation, 
agonism, play, and rearing of offspring. Social housing also reduces the occurrence of abnormal behav-
iors in many species, and it generally is especially important to socially house young animals.

Environmental enrichment enhances the well-being of animals by providing them with species-specific 
opportunities for exercise and manipulating objects, and cognitive challenges (Guide, p. 53). Enrichment is 
classified into broad and overlapping categories, including four types of nonsocial enrichment: feeding, phys-
ical, sensory, and cognitive and occupational enrichment (Keeling et al. 1991). When used together, these 
different categories of enrichment can improve many different facets of the animals’ behavioral repertoire.

Animal training, and especially positive reinforcement training (PRT), is another component of 
behavioral management programs. PRT is a form of conditioning in which the subjects are given positive 
reinforcement (e.g., food treat or social interaction) following their performance of a desired behavior. 
PRT relies on the voluntary cooperation of animals, rather than on compelling them to comply through 
manual restraint or chemical restraint. PRT is generally seen as preferable to negative reinforcement 
training, in which the subject performs a desired behavior to avoid or escape from a negative stimulus 
(e.g., loud sound). While PRT has been used most often with nonhuman primates, it is now being applied 
to a variety of other laboratory animal species.

Behavioral assessment and monitoring are important aspects of behavioral management programs, as 
they are needed to identify behavioral problems, determine needed treatments for those problems, and 
assess whether treatments are effective. Behavioral assessment can be based on quantitative behavioral data 
collection and formal studies of behavioral change, or on a systematic application of less rigorous methods.

Specialized positions in behavioral management are becoming more common as research facilities are 
employing more individuals with expertise in behavior and animal welfare. When this type of focused 
position is not in place, others in the organization should be designated to take on the behavioral respon-
sibilities, and this should be included as part of their job descriptions; performance of these responsibili-
ties should be measured in their performance reviews; and they should be given the resources to learn 
about behavioral management.

Behavioral management programs (sometimes referred to as environmental enrichment programs 
or psychological well-being programs) are required by some regulatory agencies and are emphasized 
in professional standards of research animal care across the world. Multinational organizations such 
as the Council for International Organizations of Medical Sciences and the International Council for 
Laboratory Animal Science have set out principles of responsibility and oversight for countries with 
animal research and teaching programs, and these include the principle that the animals’ environment 
and management are species appropriate and contribute to their well-being (iclas.org/wp-content /uploads 
/2013/03/CIOMS-ICLAS-Principles-Final1.pdf). Some countries have established federal legislation 
that addresses these programs. For example, in the United States, the Animal Welfare Act (AWA) regu-
lations direct that research institutions must “develop, document, and follow an appropriate plan for envi-
ronment enhancement adequate to promote psychological well-being of nonhuman primates” (9 CFR 
3.81; U.S. Department of Agriculture [USDA] 1991, www.nal.usda.gov/awic/final-rules-animal-welfare 
-9-cfr-part-3-0). This environmental enhancement plan should be an Institutional Animal Care and Use 
Committee (IACUC)–approved policy or standard operating procedure (SOP), and it must be made 
available to the Animal and Plant Health Inspection Service (APHIS) and any federal funding agency 
upon request. The AWA also requires exercise for dogs (Section 13(a)(2)(B) of the AWA [7 USC 2143]). 
Live vertebrate animal research being conducted with federal funding from the U.S. Public Health 
Service (notably including funding from the National Institutes of Health) must comply with the Guide. 
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The Guide stipulates that enrichment should be provided for all laboratory animals. In addition, those 
research facilities that choose to become accredited by AAALAC International must also comply with 
the Guide or with the Guide for the Care and Use of Agricultural Animals in Research and Teaching 
(Federation of Animal Science Societies 2010), which also describes the provision of enrichment, and 
says most forms of enrichment should be provided. All relevant legal and professional standards should 
be followed when behavioral management programs are developed.

Constructs to Achieve with Behavioral Management

Behavioral management programs have general goals of increasing species-appropriate behavior, 
decreasing abnormal behavior, increasing resiliency, and reducing distress within the laboratory envi-
ronment. In the Guide, there are also several other general tenets that can be met through behavioral 
management: offering novelty, providing opportunities for choice and control, habituating and preparing 
animals for procedures, and socially housing social species.

Offering animals novelty can be done through exposing them to novel objects, spaces, or activities that 
are stimulating to captive animals and give them practice in dealing with new challenges. This is helpful 
because if animals have been maintained in a completely consistent environment (i.e., lacking novelty), they 
may respond with fear or avoidance when novel stimuli are encountered. Novelty can be offered by rotating 
enrichment items, by offering new types of resources, by moving animals into larger activity caging, and by 
using PRT to teach animals new behaviors (i.e., the learning of new tasks is a stimulating experience). Social 
housing provides tremendous novelty with unpredictable and complex interactions with other animals. There 
is an important caveat to note with regard to novelty. Making changes in animal environments too often or 
too quickly may be stressful for some individuals. For example, individual animals who are rated as hav-
ing highly inhibited temperaments are less likely to approach new objects; novel activities or objects may 
actually increase stress for such individuals without proper preparation (Roma et al. 2006; Coleman 2012).

Another principle is to give animals control and choice in their environments: “Well-conceived enrich-
ment provides animals with choices and a degree of control over their environments, which allows them 
to better cope with environmental stressors” (Guide, p. 53). For example, different types of physical 
enrichment (e.g., visual barriers, elevated shelving, and protected contact panels) may allow animals to 
control their proximity to others, and this may reduce conflict and stress. Giving mice adequate nesting 
material also allows them to control their temperature and avoid stress associated with cooler tempera-
tures. PRT relies on the animals’ voluntary cooperation, and allows them to exercise choice in whether 
to participate in training sessions (Laule et al. 2003).

Requiring animals to be habituated to and prepared for research procedures is another broad principle 
in modern standards for animal care. The Guide states that “dogs, nonhuman primates, and many other 
animals can be trained, through use of positive reinforcement techniques, to cooperate with research 
procedures.… Animals to be placed in restraint devices should be given training (with positive rein-
forcement) to adapt to the equipment and personnel … [and] … animals that do not adapt to necessary 
restraint systems should be removed from the study” (Guide, p. 29). Animal training programs based in 
positive methods are needed to meet these standards.

A final general tenet that behavioral management programs most directly address is that social species 
should be socially housed. “Single housing of social species should be the exception and justified based 
on experimental requirements or veterinary-related concerns about animal well-being. In these cases, it 
should be limited to the minimum period necessary” (Guide, p. 64), and social housing is the “default” 
method for social species. For some species there are few difficulties or dangers in social housing, but 
others require skilled staff members to form social groups and monitor animals in social settings.

Personnel Involved in Behavioral Management

Successful behavioral management programs vary widely in design and implementation, but all require 
the involvement of people with different backgrounds and roles in a research facility working together as 
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a team. The complexity of a program and the part each person will play depend on many facility-specific 
factors, such as vivarium size and staffing, species being used, and the presence of dedicated behavior 
staff. In a small colony of mice, for instance, a successful behavioral management program may consist 
of a relatively static enrichment plan overseen and periodically updated by a single attending veterinar-
ian in concert with the rest of the IACUC, which would review the program regularly, and may be imple-
mented by animal care or research staff who would provide feedback to the veterinarian on predefined 
performance measures. In a larger and more complex facility, however, one can imagine that an ideal 
behavioral management program would include expanded roles for many layers of personnel.

Animal care staff members see the animals multiple times daily and are often the most familiar with 
individual animals or strain temperaments and traits. Thus, a member of the care staff trained to dis-
tinguish normal from abnormal behaviors may identify animals experiencing early or mild psychologi-
cal distress or, in some cases, physiological disease (Gaskill et al. 2013). The recognition of abnormal 
behaviors (both the presence and absence of) is crucial because this is one of the primary performance 
measures available to gauge whether a program is successful, as outlined in the Guide. Having the care 
staff provide enrichment, such as novel foods, also offers an opportunity for daily positive human con-
tact and the development of a positive relationship between animals and the humans they interact with 
most. In facilities where there is a dedicated behavior staff, having care staff be the primary providers of 
enrichment resources may preserve the ability of behavioral specialists to remain neutral observers and 
view animals in their most typical state. Care staff may also train animals for routine husbandry tasks, 
allowing for another positive human contact opportunity and also allowing the training of many animals 
(Adams et al. 2004).

In many ways, the role of research staff parallels that of care staff. Researchers are often in frequent 
contact with their animals and may notice subtle signs of (di)stress due to their familiarity with the indi-
viduals or changes in their experimental measures. Collaboration between research staff and the rest of 
the behavioral management team is critical because many behavioral management techniques have the 
potential to impact research outcomes, and many research procedures have the potential to impact ani-
mal behavior. Open communication regarding experimental procedures, socialization attempts, abnor-
mal behaviors, and so forth, is key to striking a balance between animal well-being and successful 
research outcomes.

The broad training and expertise of laboratory animal veterinarians in matters of animal health and 
research model design gives them a valuable perspective in ensuring balance between behavioral man-
agement, animal safety, and research integrity. Especially in facilities with dedicated behavior staff, 
there are several areas of frequent interface between veterinarians and behavioral management. In facili-
ties with a robust socialization program, veterinarians will necessarily be involved in treating wounds 
caused by social aggression. Veterinarians have an increasing role in treating abnormal behavior via psy-
choactive medications, sometimes in combination with behavioral techniques. The use of positive rein-
forcement to train animals for cooperation with common veterinary techniques, such as physical exams 
and blood collection, also requires the interaction of veterinarians and behavioral management staff.

As behavioral management programs have become more complex, the need for staff dedicated to these 
programs has become more apparent, and indeed, such an arrangement has become the norm in many 
large primate programs. While American veterinarians are given legal responsibility for environmental 
enhancement plans for nonhuman primates by the AWA (USDA 1991), 48% of primate facilities reported 
having a behavioral scientist (with a PhD or master’s degree) rather than a veterinarian providing pri-
mary oversight for behavioral management (Baker 2016). As discussed below, there are many necessary 
facets of successful behavior programs, and to expect care staff or veterinarians to manage these while 
keeping abreast of new developments in the large and evolving field of animal behavior, in addition to 
their normal duties, can be overwhelming to them.

Many other entities and individuals within a research organization may also contribute to behavioral 
management. The IACUC, notably, should include review of the behavioral management program dur-
ing program reviews. Individual IACUC members should be trained to recognize abnormal behaviors or 
other signs of distress and note these when seen in animals during facility inspections, and the IACUC 
as a whole should work with operations staff and veterinarians to development optimal enrichment strat-
egies for the species within a program. Facility managers and purchasing officers can provide valuable 
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input into the cost–benefit analysis of new enrichment devices or procedures, while safety officials may 
have ideas for how to ensure personnel safety during implementation. Facility maintenance or a mechan-
ical shop may be involved in the design and construction of enrichment devices or enhanced enclosures. 
Information technology staff may design ways to monitor the performance of a device. Regardless of 
which individuals in a facility have formal responsibility within the behavioral management program, 
all entities must work together toward the common goal of increased animal welfare and enrichment to 
achieve success.

Social Housing Program

Social housing serves a basic biological need for many laboratory animals. As indicated in the Guide, 
and by AAALAC International (http://www.aaalac.org/accreditation/positionstatements.cfm#social), 
social species should be housed in stable pairs or groups of compatible individuals unless precluded by 
experimental reasons, clinical issues, or behavioral incompatibility. Individually housed animals that 
are members of social species require scientific justification for single housing in the IACUC protocol 
to which they are assigned. Intermittent social or pair housing has been applied in some situations, typi-
cally to facilitate research needs. For most social species, group living is the most species-appropriate 
and desirable form of housing, although monogamous species (e.g., prairie vole and marmosets) are an 
obvious exception. If living in groups is not feasible, living with one other partner may be. For some 
species, particularly some domestic animals, interactions with humans is also an important means of 
supplying social stimulation.

Social housing programs should include an outline of the social introduction and monitoring processes 
to be used, the criteria used to select animals for introduction to one another (e.g., sex, age, and tempera-
ment), and the methods by which they are introduced. Some species, such as primates, may require a 
stepwise introduction process, which includes observations of interactions when animals are provided 
with first visual access, then protected contact via a divider of mesh or small holes, and finally full con-
tact, while for other large animal species, such as livestock and dogs, introductions typically proceed 
from visual and olfactory contact directly to supervised full access in spaces large enough to allow 
escape in the case of an inappropriately aggressive interaction. For most rodents, typical management 
practices lead to the pair or group housing of littermates or young, sexually immature adults, which may 
reduce the necessity for closely observed introductions, or breeding pairs introduced via immediate full 
access contact.

Regardless of the species or method of introduction, socially housed animals should be regularly mon-
itored for compatibility. Observations may be more intense in the days or weeks following introductions, 
but should continue at some level for all socially housed animals. Observations for compatibility should 
be conducted during routine cleaning, feeding, and research activities. Monitoring can be conducted by 
a trained observer in the room, via video recorder, or by remote viewing systems, such as Internet-secure 
Internet protocol (IP) cameras. Communication about the social introduction should be directed to all 
affected staff, if that information might impact their daily operations.

Environmental Enrichment Program

In an effort to address application of the term environmental enrichment to any change in an animal’s 
environment, regardless of measurable benefit for the animal, Newberry (1995) defined it as “an improve-
ment in the biological functioning of captive animals resulting from modifications to their environment.” 
The scientific literature and regulatory documents have expanded on this definition, referring to envi-
ronmental enrichment as features of a captive animal’s environment or husbandry that increase that ani-
mal’s number and range of normal behaviors, decrease abnormal behaviors, increase interaction with the 
environment, and enhance its ability to cope with behavioral and physiological challenges (Federation 
of Animal Science Societies 2010, p. 30). An environmental enrichment program consists of using a 
variety of techniques and providing a variety of resources to animals with the goal of modifying their 
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behavior in these ways. Most of the nonsocial approaches used to improve the environments of research 
animals can be categorized into four general types: feeding, physical, sensory, and cognitive and occu-
pational (Keeling et al. 1991). Food enrichment is consumable items that are either different in type 
from the animals’ standard diets or delivered in such a way as to encourage natural foraging behaviors. 
Physical enrichments are elements of an enclosure that allow animals to experience different microenvi-
ronmental conditions, such as shelters, perches, or bedding. Sensory resources are those that engage an 
animal’s senses without necessarily requiring interaction, such as television, music, or smells. Cognitive 
and occupational resources are those engaging animals in interaction with their environment in such a 
way as to be mentally stimulating, including the provision of puzzles, activities, or PRT. Of course, many 
techniques for improving animal environments could fall into more than one of these categories, such 
as puzzle feeders qualifying as both cognitive and food enrichment, and swimming pools qualifying as 
physical and sensory resources, but these general categories are useful for considering which aspects of 
an animal’s experience could be enhanced.

In general, the design and selection of resources for the enrichment program is made to encourage 
appropriate behaviors that mimic those seen for a species in their natural environment. In this way, 
enrichment resource design and management should rely heavily on the natural history of a species and 
not on what might look interesting or colorful to a human observer. Natural histories describe the envi-
ronment and context in which species live naturally. These remain relevant to the welfare of laboratory 
animals despite sometimes thousands of generations of removal from the “wild” state, as laboratory 
strains released into the wild consistently revert to naturalistic patterns of behavior (Hutchinson et al. 
2005). Some important elements of natural histories with particular relevance to enrichment resource 
design include diet and food gathering behaviors, including what animals eat, and whether they live near 
a readily available food source or spend many hours a day finding food; sleep habits, including when in 
the day an animal sleeps and whether it seeks or builds shelter; and social structure, such as whether ani-
mals form long-lasting dominance relationships or are territorial. For example, wild mice instinctively 
build elaborate nests in which they sleep during the day; this could be used to infer that mice might 
benefit from the provision of nesting material and minimizing disturbances during the day (Olsson and 
Dahlborn 2002; Hutchinson et al. 2005). Likewise, macaques spend a great deal of time covering wide 
ranges in the search of food, and techniques to increase foraging time have been shown to have some 
beneficial psychological effects in captive primates (Bennett et al. 2010; Gottlieb et al. 2011).

Implementing any new enrichment technique or resource requires a team approach with input from a 
variety of personnel. Any new enrichment should be approved prior to distribution to any research ani-
mals. This includes cases of “one-time” or limited enrichment resources that are often chosen as much 
for their effect on human morale as for animal benefit (i.e., seasonally themed novel foods) and those 
with the intent to be implemented broadly or on a repeat basis. A behavioral specialist should evaluate 
potential for efficacy or harmful effects with the help of peer-reviewed scientific literature. A veterinar-
ian should assess the enrichment for any health concerns, safety risks, or potential confounding effects 
on the research. The animal care and facility management staffs should determine a method of sanita-
tion and logistical aspects related to the provisioning of the enrichment. The goal should be to provide 
maximum benefit and minimum harm to animals, at a minimum cost in labor and money (Bennett et 
al. 2010). In facilities where a behavioral scientist heads the behavioral management program, she will 
likely conduct the initial review and design or selection. In facilities without such personnel, resource 
selection may fall to a designated individual or committee. It should be noted that information may be 
found outside the literature search databases typically used for biomedical research and may be found in 
information provided by a manufacturer or published in non-peer-reviewed trade journals. An example 
of the importance of enrichment resource preapproval is the known interaction between grapefruit and 
many pharmaceutical compounds commonly used in research facilities (Bailey et al. 2013). This interac-
tion is likely to be known to veterinarians, but perhaps not to a well-intentioned enrichment committee 
seeking to implement new food resources.

The construction and purchase of enrichment resources will depend on the funds, supplies, and means 
available. Some facilities have dedicated mechanical shops that construct enrichment devices, while 
others rely on dedicated behavioral specialists or enlist volunteer care staff for their design, construc-
tion, and repair. Regardless, any new enrichment device should undergo pilot testing prior to widespread 
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adoption. Considerations prior to and during this testing phase include the potential impact on the 
research project utilizing the “test subjects,” which will necessitate involvement of at least one willing 
primary investigator. During testing, devices should be monitored routinely to ensure they do not pose 
any safety risk to personnel or animals (e.g., certain plastics may be chewed and quickly develop sharp 
points). An assessment should be made of the efficacy of the enrichments, although the extent of this 
may depend on the resources and personnel available at the institution. Such a review would, at a mini-
mum, determine whether the animals actually utilize the new device or resource, but optimally would 
include measuring effects on normal and abnormal behaviors or physiology in an objective manner. The 
ability to sanitize the enrichment device should also be reviewed as part of the testing phase. Whether 
this consists of visual inspection or more objective measures by such tools as ATPase testing or cultures 
will depend on the institution, existing SOPs, the vulnerability of the animals or personnel to potential 
fomite-transmitted pathogens, and the opinion of the design team and facility management.

Once an enrichment device has been tested, a team approach to program implementation should 
continue and determine whether the item is worth implementing more broadly. Again, this team should 
include the behavioral specialist (as available), veterinarian, and facility management and/or animal 
care staff. It may also include a purchasing or financial officer, to discuss the cost–benefit of imple-
mentation. All investigators whose animals will be impacted by the new enrichment device should be 
consulted, or at a minimum informed of the change, since enrichment devices and resource may impact 
important research variables. For enrichment resources that require manual distribution, such as novel 
foods and manipulanda, a system of documenting this provision should be developed to ensure com-
plete implementation. After an enrichment device or resource is in use, there should also be a system 
by which concerns are reported by animal care staff or other personnel and where the device can be 
rereviewed for these reported concerns. Any injuries or negative health outcomes involving a device 
should be reported first to a veterinarian and, based on the severity and context of the incident, to rel-
evant regulatory bodies as required by law. Such an incident should prompt a review of that device. If 
such a review is completed, it is important to consider the injury severity and rate against the total use 
and benefit when determining whether to remove or alter a device; a rarely used device with a high rate 
of injury would be a more obvious candidate for discontinuation than one used broadly with a low rate 
of minor injuries or mishaps. A periodic review of enrichment device efficacy should be conducted. As 
animals are exposed repeatedly to devices, some lose their novelty. This is especially true of puzzle-
type devices provided to nonhuman primates (Meehan and Mench 2007). Literature regarding a device 
should also be monitored. An example of how consensus regarding enrichment programs evolves over 
time can be found in the consideration of mouse enrichment resources over the past few decades. By 
the late 1990s, a consensus had emerged that nesting material was a superior enrichment resource for 
rodents (Olsson and Dahlborn 2002). Since then, however, this consensus has developed significant 
nuance, with current literature suggesting the type of nesting material provided and subsequent form 
of the nest is a significant variable in determining how much benefit accrues to the animals (Hess et al. 
2008; Gaskill et al. 2013).

Animal Training Program

Animal training is an integral component of behavioral management, and PRT is a powerful tool to 
gain cooperation and compliance by laboratory animals. Animal training occurs each time there is an 
interaction with an animal. When looking at the daily operations of a facility through the lens of ani-
mal training and operant conditioning, one can see animals responding to environmental cues all the 
time. For example, an animal caregiver approaches a group of animals with food, and the animals move 
toward the caregiver and are given the food. The animals are positively reinforced for moving toward the 
animal caregiver, and they are likely to do it again to gain food. An animal has learned and is now more 
likely to approach a person, as it previously received something it wanted (food) following that behavior. 
An animal caregiver spraying water with a hose approaches a group of animals who then move into an 
adjacent cage. Once they move, the spray from the hose ceases. These animals have been negatively rein-
forced for moving away from the animal caregiver and the next time will likely move quickly away from 
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the caregiver spraying water. The behavior to move from one location to another is motived by avoiding 
something they find aversive (spraying water). These are examples of two different experiences for the 
animal, and some literature shows the use of negative reinforcement is more stressful for the animal than 
positive reinforcement (as measured by physiological and behavioral means, and response to humans). 
Personnel should be trained to recognize what types of negative reinforcement are used, to use it in the 
smallest amount possible to get the needed behavior, and to offer positive reinforcement following the 
animal’s cooperation.

Initiating a PRT program (sometimes called “clicker training”) is valuable and meets recommenda-
tions of the Guide (Perlman et al. 2012). Animal training techniques and some average required training 
times for a variety of behaviors are well documented in the literature (Schapiro et al. 2003; Coleman et 
al. 2008; Veeder et al. 2009; McMillan et al. 2014; Bloomsmith et al. 2015; Bliss-Moreau and Moadab 
2016). These include conscious blood collection, urine collection, semen collection, restraint behaviors, 
presenting for injection, movement between enclosures, and managing aggressive behavior (see Schapiro 
et al. in Chapter 32 of this volume for a thorough review). When trainers talk to one another, they often 
describe individual differences in animals’ willingness to train. Coleman (2012) has described how tem-
perament can impact training success in primates; in one study, animals with exploratory temperaments 
were more successful training candidates than those with inhibited temperaments.

As a manager of an animal program, it is critical to understand that animal training should be 
applied by people who have been educated in animal training techniques. It is also important to note 
that progress is measured in terms of the animal advancing through the training steps, not just in the 
time the trainer has devoted to training sessions. To that point, McMillan et al. (2014) described a 
refinement in training primates for chair restraint in which PRT techniques were applied for several 
months. For those animals not progressing through the training steps by a set time point prior to initia-
tion of the study requiring the chair restraint, the lowest magnitude of negative reinforcement required 
was applied and then was followed immediately by a food reinforcer. Minimal stress was caused, and 
subjects were trained for the behavior in the needed time frame. Once an animal is fully trained, the 
behavior needs to be maintained if it is to remain useful. Managers should schedule maintenance 
training for their staff to employ as needed; the frequency will vary with behaviors and individual 
animals.

Behavioral Assessment Program

Behavioral assessment is a critical component of an effective behavioral management program. A solid 
understanding of the natural behavior of a species is necessary to identify species- appropriate behav-
iors, provide an effective enrichment program to promote a broad repertoire of species- appropriate 
behaviors, and identify abnormal behavior so that appropriate treatments can be applied. For example, 
ferrets and squirrel monkeys exhibit scent-marking behavior, so providing enrichment to promote 
this behavior is important. Most primates spend much of their day searching for, processing, and 
consuming food, so developing ways for them to express these behaviors in captivity is an essential 
part of the enrichment program for primates. Understanding behaviors that are fundamental to a spe-
cies’ “lifestyle” and supplying the means for them to express them is an important consideration for 
their captive welfare. Per the Guide, “personnel responsible for animal care and husbandry should 
receive training in the behavioral biology of the species they work with to appropriately monitor the 
effects of enrichment as well as identify the development of adverse or abnormal behaviors” (p. 53). 
Education about the behavior of the species with which an individual works should begin at hire and 
be supplemented, reinforced, and updated throughout the career of a laboratory animal professional. 
This training should include the behavioral biology of the species, understanding behaviors that could 
be of concern, the mechanism by which to report behaviors of concern, and appropriate staff–animal 
interactions.

Since there are many different personnel (veterinary, animal care, and research staff) who work with 
any one animal, behavioral assessment programs should include a system of reporting and responding 
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to behaviors of concern, such as stereotypic behaviors, fearful or aggressive behavior, hair plucking, 
barbering, hyperactivity, anxiety, and self-injurious behaviors. For example, animal caregivers may 
observe social aggression during routine feeding, veterinarians might observe an animal behaving fear-
fully when collecting biological samples, and research team members may observe an animal exhibit-
ing self-directed abnormal behavior during testing. When such behaviors are observed, they should 
be reported to personnel responsible for behavioral care. This may be done verbally, especially if the 
animal is injured or in danger and immediate action is required, or in written form, such as on log sheets 
posted outside of each animal housing room. These log sheets should be reviewed regularly by personnel 
responsible for behavioral care who should assess the problem and provide viable treatments if appropri-
ate. If treatments are applied, they should be documented and evaluated for efficacy.

A behavioral assessment program can be used to evaluate the presence, absence, rates, and durations 
of selected behaviors. These data can be recorded by using different observation and recording meth-
odologies (Tables 5.1 and 5.2). As one example, the one-zero method will indicate whether individu-
als are expressing or not expressing particular behaviors during a time interval. Abnormal behaviors, 
fear-related behaviors, and other behaviors of concern are noted during brief observation periods using 
a check sheet–type format. Then if an individual meets predetermined thresholds for problematic behav-
iors, a more in-depth focal behavioral assessment can be completed. Based on this assessment, treat-
ments are then provided and evaluated. Possible treatments may include social changes (such as a new 
social partner), animal training applications (such as desensitization to a stimulus causing fearful behav-
ior), additional enrichment applications (such as additional foraging devices, destructibles, and visual 
barriers), and operational changes (such as cleaning the animal’s stall first, or reducing the amount of 
time an animal is separated from its social group for a procedure). If the behavioral problem is reduced or 
ameliorated, that treatment is typically maintained. Hair coverage scores are also sometimes completed 
as part of a behavioral assessment program for some species prone to self-induced alopecia. These scores 
are useful to identify individuals with pronounced or increasing hair loss, and objective evaluations of 
hair regrowth following treatment (see Figure 5.1 as an example of a hair scoring diagram and scoring 
system based on Luchins et al. 2011).

TABLE 5.1

Methods of Observation of Animal Behavior

Method Definition Advantages Disadvantages Common Uses

Ad libitum Observer writes down 
anything that seems 
relevant

Easy
Allows for description 
of rare behaviors

Biased toward most 
conspicuous behaviors 
or individuals

Preliminary observations
Recording rare events

Focal 
sampling

Observe one individual, 
recording all instances 
of behavior for 
specified amount 
of time

Detailed observation/
data collection 
possible

Difficult in field 
because animals go 
out of sight

Can be used with 
continuous, 
instantaneous, or 
one-zero sampling 
(see below)

Scan 
sampling

Whole group 
observation—
behaviors of all 
individuals recorded 
at set intervals

Allows study of more 
subjects

Can record only small 
number of general 
behaviors/categories

Biased toward more 
conspicuous behaviors 
and individuals

Determining species 
activity budgets

Must use instantaneous 
sampling

Sometimes combined 
with focal sampling

Behavior 
sampling

Observe whole group, 
record each occurrence 
of a particular behavior 
(focus is on behavior 
rather than individual)

Catches some rare 
behaviors that focal or 
scan sampling can miss

Biased toward 
conspicuous 
occurrences

Studying rare but 
important behavior, such 
as fighting/mating

Can be combined with 
other techniques

Source: Based on Martin, P., and Bateson, P., Measuring Behavior: An Introductory Guide, Cambridge University Press, 
Cambridge, MA, 1993.
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TABLE 5.2

Methods of Recording Animal Behavior

Method Definition Advantages Disadvantages Common Uses

Continuous 
recording

“All-occurrences” 
recording—observer 
writes down frequencies 
and durations for 
behaviors throughout 
observation interval

Produces a more exact 
record of behaviors

Allows behavioral 
sequences to be recorded

Less biased

Demanding data collection
Limit to how many 
categories of behavior can 
be recorded at once

Interobserver reliability can 
be difficult

Used in focal 
animal sampling

One-zero 
recording

Observation period 
divided into short 
intervals; on beep, 
observer notes whether 
a behavior has occurred 
at any time during the 
previous interval

Easier data collection, 
high interobserver 
reliability

Does not provide information 
such as how often behavior 
occurred during interval or 
for how long

Biased data—usually 
overestimates durations and 
underestimates frequencies

Used in focal 
animal or scan 
sampling

Instantaneous 
sampling

Observation period 
divided into short 
intervals; on beep, 
observer records 
whether behavior is 
currently occurring

Good when intervals are 
short and behavior 
durations are relatively long

Easier data collection—can 
take data on many 
categories of behavior

Usually good interobserver 
reliability

If behaviors are short in 
duration, they may be 
missed

Subject to observer bias if 
an interesting behavior 
occurs close to, but not 
on, the beep

Used in focal 
animal and scan 
sample techniques

Good choice when 
behavior occurs 
rapidly, making 
continuous 
sampling difficult

Source: Based on Martin, P., and Bateson, P., Measuring Behavior: An Introductory Guide, Cambridge University Press, 
Cambridge, MA, 1993.
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FIGURE 5.1 Example of hair score template for nonhuman primates. (From Luchins, K.R. et al., J. Am. Assoc. Lab. 
Anim. Sci., 50(6), 926–938, 2011.)
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Facility and Housing Design

The design of laboratory animal housing is a vital aspect of promoting animal well-being, as the physi-
cal environment can have a major influence on animal behavior. Animal housing should be designed to 
facilitate the expression of species-typical locomotor behavior, resting patterns, and activities. For example, 
arboreal species should have an adequate enclosure height and structures for climbing and resting off of 
the ground, and more terrestrial species should have more floor space available. Providing animals with 
areas for escape from others may reduce behavioral problems such as aggression. It is also important to 
keep in mind husbandry and care practices, policies, and requirements when designing animal rooms. 
Construction materials must be durable, sanitizable, and relatively easy to maintain. In addition, there are 
often regulatory requirements regarding room environmental parameters (e.g., airflow, temperature, and 
humidity) that can make providing the appropriate environment for a particular species challenging (e.g., 
nude, severe combined immunodeficiency [SCID], aged, or immunocompromised rodents many need to 
be housed in rooms with higher temperatures). Animal area and room doors should also be wide and tall 
enough to accommodate cage racks and equipment. With newer types of caging intended to accommodate 
social pairs or groups of animals, and with the growing use of larger “activity cages” to provide more space 
(sometimes on a rotating basis), rooms and doorways should be of sufficient size to allow their use. Room 
doors with viewing windows that have shutter-type options are preferred. Animal rooms with windows 
to the outside may be beneficial for some species. Another option is incorporating specialized lighting 
features and control mechanisms into the facility design that accommodates the natural behaviors of the 
animals, as well as allowing for husbandry and care procedures. For example, some nocturnal animals 
may be housed under reverse light cycle conditions such that husbandry and monitoring are done using red 
lights. Some other creative facility design ideas or concepts, such as a trickling water feature, may provide 
some background “white noise” (DeGenova and Abee 2006).

Sound abatement and use of materials that decrease sound transmission help reduce disruption and 
facilitate better behavioral management. Animal housing rooms and areas should be separated from 
high-traffic areas, as well as from cage wash or cage processing areas and areas where there is loud activ-
ity. Sound abatement measures should be considered, especially when housing sensitive species (e.g., 
rodent breeding colonies, gerbils, and rabbits) or particularly noisy species (e.g., dogs, swine, and nonhu-
man primates). It may also be important for animal housing areas and rooms to be in close proximity to 
testing and clinical procedure areas.

Constructing in-room pens or other enclosures instead of having caging in rooms has become more 
popular to maximize the space available to the animals, and to allow group housing of a variety of spe-
cies (e.g., rabbits, cats, and farm animals). Such housing also allows the use of substrates (e.g., wood 
shavings, hay, and excelsior) on the floor of enclosures, which provides softness and a good opportunity 
to scatter food to promote foraging or rooting in the substrate. When caging is used, it should be flex-
ible enough to allow introductions of unfamiliar animals (e.g., panels between cages that allow varying 
degrees of tactile contact between animals, and tunnels between cages). Features that add complexity 
and variety to the caging, such as “balconies,” “porches,” and “viewing ports,” have been reported to be 
well used by some species.

It is possible to appropriately house some laboratory animals outdoors (e.g., nonhuman primates and 
dogs); this should be done whenever possible, as the complexity of the outdoor environment is believed 
to be beneficial. Outdoor enclosures must be appropriately designed and constructed for the specific 
species to be housed so that the environment is safe and secure. Outdoor areas must include provisions 
for shade and protection from wind and other weather elements, as well as provide visual barriers from 
other animals in the group, and opportunities for species-typical behaviors and activities. Visual barriers 
and shade structures can also increase the complexity of the environment, and should be constructed to 
allow the research team and other personnel to clearly view the animals. Ground cover or other substrate 
may be needed to provide the animals with a comfortable living surface. Selection of materials will 
depend on the species as well as the population density. A suitable ground cover can assist with erosion 
control, but the ground cover needs to be a material that can be regularly maintained. Grass, sod, and 
small gravel, as well as wood chips, hay, and excelsior, are all possible choices that should be evaluated 
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and considered by the veterinary, animal care, facility maintenance, and behavioral management staffs 
prior to use. The ability to incorporate enrichment items (e.g., small foods) in the substrates should be 
evaluated. Rotating these substrates or combining them may also be an option that would add variety to 
the environment. Outdoor areas may also include climbing and play structures. These outdoor areas and 
equipment should be regularly cleaned and sanitized. They should also be inspected for wear and tear or 
other potential hazards, and in such case, the damage should be immediately repaired or the equipment 
replaced. In some cases, indoor living animals can spend brief periods of time outside, and this can be 
beneficial.

When animals are housed in large indoor enclosures, in large groups, or in outdoor enclosures, ani-
mal training programs become more important to achieve reliable access to the animals. It is desirable 
to design enclosures in such a way that the animals move toward people to shift for cleaning or to enter 
a transport box, for example, rather than moving away from people, so that PRT can be used for the 
training. The design of the area into which the animal is moved should be considered carefully. For 
example, tall animals are unlikely to readily move into a transport box that requires an unnatural or 
uncomfortable body position. Thus, poor equipment design can thwart the benefits of PRT. A transport 
box or enclosure design that provides adequate space can make a tremendous difference on the training 
outcome (e.g., moving the animal) and the methods necessary to complete the task (positive or negative 
reinforcement).

To determine features of caging systems, considerations must be made for personnel and animals, 
including species-specific characteristics, socialization potential, research needs and applications, provi-
sions for enrichment devices and distribution methods, husbandry routines, and animal accessing and 
training. These factors also play a sizable role in the preparation of facility budgets and allocating funds 
and resources, including personnel and materials costs. There may be financial implications to staffing 
and supply budgets as well, as new demands on infrastructure to accommodate additional space for prep-
aration and storage of enrichment program materials arise. However, there are also some creative ways 
to minimize and reduce costs. For example, some facilities incorporate the use of recycled cardboard 
or paper materials for bedding. In some cases, modifications to husbandry or care practices are imple-
mented (e.g., the interval between husbandry practices may be extended, thereby decreasing personnel 
time devoted to cleaning and disturbing animals less frequently), with appropriate approvals and while 
remaining within the relevant recommendations and requirements (e.g., Guide, Office of Laboratory 
Animal Welfare [OLAW], and AAALAC). In such situations, managers and supervisors will need to 
evaluate caregiver time for activities, such as preparing, distributing, collecting, and cleaning enrichment 
materials and devices, and SOPs will need to be reviewed, modified, and approved by the IACUC to 
expand the approved cleaning methods.

Coordination of Behavioral Management with Research

Behavioral management programs should be carefully coordinated with biomedical and behavioral 
research in which the animals are involved. Finding the best way to balance the needs of laboratory 
animals with the needs of the research project in which they are subjects is a complex task. With increas-
ing attention being paid to the psychological well-being of animals, the process must also include this 
consideration. Behavioral management plans must be harmonized with the goals of the research so that 
the animals benefit from social housing, enrichment, and animal training, all applied in such a way that 
the research is not unnecessarily compromised.

The IACUC review process is one forum for this negotiation between investigators and those respon-
sible for behavioral management. The review of research proposals by the IACUC should involve care-
ful consideration of how the research might involve deviation from the standard animal care program, 
including any requested changes in enrichment or social housing. Preferably, there should be at least one 
individual serving on the IACUC who has expertise in behavioral management. IACUC protocol forms 
should include sections for describing plans for social housing, environmental enrichment, and animal 
training. If an IACUC proposal indicates that social species are to be housed alone, scientific justification 
must be provided to explain why the research cannot be accomplished with socially housed subjects. Any 
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time that must be spent alone or in “protected contact” (i.e., housing with limited tactile interaction pos-
sible between two animals) must be minimized, and additional enrichment should be considered. Each 
protocol should include information on how animal training will be used within the study so that it is 
clear what procedures the research staff will train or habituate the animals to, and how that training will 
be accomplished. There should be a plan for what will be done if subjects do not habituate to research 
procedures during the expected time frames.

As IACUC protocols are reviewed, investigative staff members may be asked to make changes or 
accommodations to their studies that they have not made in the past. With new techniques available to 
improve well-being and with new expectations for standards of care, investigators are essentially being 
asked to recalibrate some of their studies, and this may take time. Clear communication is important, 
and instruction, including working examples from other facilities and reviewing published literature 
with investigators as they attempt to make accommodations, will be helpful. Investigators can be chal-
lenged if their funding is not adequate to support these changes, which may bring about increased time 
that animals are assigned to a study and time that staff is needed to work on the study. In the future, 
the researcher will be able to incorporate new techniques (e.g., time to train animals to cooperate with 
research procedures) into funding proposals.

Some routine behavioral management activities may need to be coordinated with ongoing research. 
For some studies, it is best to have the social environment consistent throughout the study duration, 
whereas other studies may accommodate social housing only during some phases, so social introduc-
tions and separations need to be coordinated with the research staff as the study progresses. Approaches 
such as intermittent social housing (e.g., animals are housed together during portions of each day or each 
week) may be useful. Providing enrichment resources, especially foods, may need to be coordinated 
with research staff, particularly if the research involves any restriction of access to foods or fluids. In 
some cases, food enrichment resources may need to be provided only after certain research procedures 
are completed, and scheduling may need to be determined. Low or no-calorie foods may be given to 
some animals that have restricted access to foods for research purposes. Animal training procedures to 
help animals habituate to research procedures are typically performed by the research staff members, 
but behaviors that are trained by others (e.g., animal care, behavioral management, or veterinary person-
nel) should be transferred to all who might be able to apply the same training methods. For example, if 
a monkey is trained to cooperate with an injection of a substance for research purposes, the veterinary 
staff should be taught the process so that they can use the same training methods when accessing the 
monkey for a physical examination.

Behavioral management can augment research goals by improving the quality of the research. 
Animal training can make research procedures less stressful for the animals and more efficient for the 
research team. Handling that reduces animal stress also reduces the potential confounding influence 
of distress on the study’s dependent measures. Human interactions, such as tickling rats, may help to 
reduce fear and avoidance of humans, and assist the rats in recovering more quickly from research 
procedures (Cloutier et al. 2015). Social housing can reduce the stressful influence of some research 
procedures, as the presence of a familiar companion can “buffer” the animal from these experiences 
(Gilbert and Baker 2011). Good science depends on animal models that are healthy both physically and 
psychologically, and good behavioral management programs can be an important means of maintaining 
healthy research animals.

Coordination of Behavioral Management 
with Veterinary and Animal Care Personnel

Teamwork, communication, and coordination of behavioral management activities with animal care and 
veterinary medicine are paramount to optimize the impact on animal welfare and to provide a holistic 
system of care. Setting up a system describing each group’s responsibility for communication and action 
is important for reducing confusion and ensuring that behavioral problems are addressed properly. As 
an example, when animals show excessive fearful behavior, the people who observe the behavior should 
communicate the incident to staff providing the behavioral care. Animal care staff may report an animal 
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was expressing fearful behavior when they were passing out food, veterinary staff might see fearful 
behavior when they are restraining an animal, and research staff may report fearful behavior when they 
are exposing an animal to new research equipment. The staff responsible for the behavioral care should 
assess the behavior and its environmental triggers, implement treatments such as positive human interac-
tion and animal training, and assess these treatments for effectiveness. If appropriate, treatments should 
be communicated and coordinated for implementation with other staff as needed. A report of excessive 
fear may be discussed with veterinary staff and result in evaluation as to whether psychoactive medi-
cations might assist in reducing the behavior. Any such treatment should be communicated with staff 
responsible for behavioral care and researchers, as they will be evaluating any increase or decrease in the 
behavior or there may be an impact on the study.

Record Keeping and Documentation

In general, the behavioral management program should be reviewed on a regular basis by behavioral 
management staff, the attending veterinarian, and the IACUC to ensure it is beneficial to animal welfare 
and that it reflects current scientific knowledge (Guide, p. 53). Record keeping is important for develop-
ing behavioral management programs and for monitoring and improving established programs. Records 
are useful to determine whether the program is running as designed, whether assigned responsibilities 
are completed, which interventions are effective, and to report on program progress. Development of 
meaningful documentation systems leads to objective evaluation systems that can be used for identify-
ing programmatic strengths and weaknesses, internal reporting, regulatory reporting, and in some cases, 
scientific reporting in journals and professional conferences. All aspects of behavioral management 
(behavior, enrichment, socialization, and animal training) should be documented. This is consistent 
with recommendations in the Guide, which states, “Records of rearing and housing histories, mating 
histories, and behavioral profiles are useful for the management of many species, especially nonhuman 
primates” (p. 75).

Behavioral assessment records allow examining the frequency, duration, or severity of behaviors of 
concern, the impact of treatments on the problem, and determining whether a different course of action 
is needed. This information can also be used to evaluate the population’s behavioral health, such as the 
percentage of a colony expressing particular behaviors, and can depict behavioral responses to program-
matic changes over time.

Record keeping should reflect that staff is following institutional SOPs for feeding, supplying enrich-
ment devices, and treatments. Documentation should inform staff about what animals receive which 
enrichment resource, and should reflect enrichment device cleaning and sanitation outcomes. Records 
for social housing might include outcomes of each social introduction, reasons for separations, and the 
total number of socially and singly housed animals in the colony. If nonhuman primates are singly 
housed, the attending veterinarian is required to review the reasons for individual housing every 30 days. 
Maintaining such information allows programmatic evaluation and generation of progress reports. These 
are useful for assessments by outside groups (AAALAC International, U.S. Department of Agriculture 
[USDA], and Canadian Council on Animal Care [CCAC]) and IACUCs, as well as for advancing the 
program and comparing it with other programs and publications.

Animal training programs should have established communication and documentation systems, 
including clear communication of programmatic training goals, applications of training at the facility, 
and expectations for personnel implementation. These programs provide opportunities for consistency 
in the way in which animals are worked (i.e., to move the animals to where they are needed, all animals 
are called to the staff person, not sent away from a staff person), and communication among trainers 
and staff implementing or maintaining animal training is essential to its success. Records should be 
kept showing which animals have been trained and for what behaviors, the methods by which animals 
were trained (via positive or negative or a blend of the reinforcements), the cues the animals know, the 
expected animal response for each cue, a measurement of consistency in response, and the maintenance 
schedule (Perlman et al. 2012).
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Selecting New Employees and Employee Training on Behavioral Management

In many programs, the animal caregivers are responsible for feeding and cleaning and also for preparing 
and distributing the environmental enrichment, moving animals from one location to another to facilitate 
social housing, and managing the feeding of animal groups. They should be trained on the importance of 
these daily responsibilities and that their interactions with animals can impact the animal’s welfare. With 
these daily human–animal interactions in mind, the institution should provide training on essential ele-
ments of behavioral management: behavior, enrichment, animal training, social group, and pair housing.

First and foremost, staff education is needed to identify appropriate social and nonsocial behaviors 
and behaviors of concern (e.g., self-injurious behaviors, hair plucking or barbering, and fearful behav-
iors) for each species, as well as how and to whom concerning behaviors should be reported. Behavioral 
education provides a caregiver with information on how the animal is responding to its environment 
and to the events taking place. As an example, being able to identify when animals are showing signs of 
social incompatibility during feeding times can alert the caregiver that tension is mounting and a differ-
ent feeding technique may help and/or to contact a behavioral specialist so the problem can be evaluated.

Socialization programs can be complex and require significant time investment, hands-on training, 
and detailed documentation (Truelove et al. 2015). To complete their role, animal caregivers must be able 
to identify social behaviors such as aggression or play, apply feeding techniques involving PRT, and use 
training and reinforcement for social separation to facilitate research.

Caregivers should be trained on requirements for environmental enrichment, such as their role in 
distribution, documentation, sanitization, and monitoring for safety. This includes enrichment basics 
such as methods to load and clean enrichment devices; schedules for using different types of foraging 
devices and other forms of enrichment; how to identify when enrichment devices, structures, or items 
are damaged and in need of repair; and understanding that damaged devices can cause harm to animals 
and need to be removed, replaced, and repaired. Other instruction could include how to rotate devices or 
toys, learning where clean enrichment is stored, and knowing with whom to communicate if enrichment 
supplies are needed. In addition to these responsibilities, instruction should be given on the outcomes 
of providing enrichment, such as increasing species-typical behavior, such as nesting, enhanced social 
interaction, manipulation, and play, as well as the potential for the expression of fear and anxiety to novel 
objects, and what to do when this is observed.

Caregivers should be trained on how to positively reinforce animal behavior and how to recognize the 
beneficial impact that it has to their daily work, such as giving food reinforcement or praise to a pig that 
calmly walks down the hallway to a scale for routine weighing. It is important to discuss how human 
actions can impact animal responses, and how to appropriately and safely behave around a particular 
species. As an example, loud noises can startle and increase stress for the animals. Quietly placing items 
on metal tables or quietly closing a door can greatly reduce noise and disturbance for many research 
animals.

Upon hire, there should be some instruction on basic behavioral management, and then in the months 
and years following, continuing educational opportunities. Continuing education in aspects of behavioral 
management is essential for all staff within an organization as the program changes and is enhanced. 
Supervisors and managers need to provide leadership and support, as well as work together to create 
a culture that reflects the importance and significance of the behavioral management program. These 
opportunities may include further instruction in formalized staff meetings, specialized hands-on train-
ing sessions from behavioral management personnel or consultants, webinars, or attending workshops or 
conferences. In facilities with behavioral management staff on site, animal care and behavioral manage-
ment cross-training is highly encouraged. These interactions promote the exchange of ideas, understand-
ing of job responsibilities and challenges, and opportunities to teach behavioral management techniques 
relevant to assigned responsibilities, such as providing food reinforcement immediately following 
handling or movement from one location to another.

As with all jobs, there are particular personality traits that may lead to more successful personnel and 
program outcomes. For those working closely with animals in a research environment, managers should 
be looking for individuals with compassion for animals, willingness to cooperate and collaborate with 
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others, thoroughness with attention to detail, and evidence of being accountable and responsible. Young 
and Cipreste (2004) describe characteristics of good animal trainers and say these factors are important 
in the success of the animal training program. These characteristics include patience, a calm demeanor, 
and the ability to be both consistent and analytical of their own behavior.

For those working in behavioral management programs, learning how to correctly and thoroughly 
implement behavioral management techniques requires training, time, and practice. Many of the skills 
needed for behavioral management staff can be acquired through hands-on experience, classroom 
instruction, workshops, reading published literature, or visiting behavioral management consultants. 
Especially when training opportunities are limited within a facility, there are many professional organi-
zations, workshops, conferences, web-based resources, and other reading material that will be useful for 
staff training and continuing education in behavioral management (Tables 5.3 and 5.4).

TABLE 5.3

Examples of Professional Organizations Whose Scope Relates to the Behavioral 
Management of Captive Animals

Professional Organizations Website

American Association for Laboratory Animal Science www.aalas.org

International Council for Laboratory Animal Science www.iclas.org

Laboratory Animal Welfare and Teaching Exchange www.lawte.org

Animal Welfare Institute www.awionline.org

Laboratory Animal Management Association www.lama-online.org

Veterinary Support Personnel Network www.vspn.org

The Animal Behavior Management Alliance www.theabma.org

American Society of Primatologists www.asp.org

Academy of Veterinary Behavior Technicians www.avbt.net

TABLE 5.4

Examples of Workshops, Conferences, and Other Learning Resources Related to Behavioral Management

Workshops, Conferences, and Other Learning Resources Website

Symposium on Social Housing of Laboratory Animals caat.jhsph.edu/programs/workshops/social_housing.html

International Conference on Environmental Enrichment www.enrichment.org

Enrichment Extravaganza Conferences

Primadaption Workshops www.primateproducts.com/blog/2012/04/19 /fall-2012 
-primadaption-workshops

Animal Training Applications in Zoo and Aquarium 
Settings

www.aza.org/animal-training-applications-zoo -aquarium 
-settings

Primate Behavioral Management Conference www.mdanderson.org/education-and-research

AALAS Learning Library www.aalaslearninglibrary.org

AAALAC Resources on Regulations and Standards 
Worldwide

www.aaalac.org/resources/internationalregs.cfm

Enrichment Record www.enrichmentrecord.com

Mouse Ethogram http://web.stanford.edu/group/compmed/cgi-bin/index.php

Lab Animal Science Professional www.aalas.org/publications/las-pro#.Vk42v3arRmM

Shape of Enrichment www.enrichment.org

Primate Enrichment Forum www.primate.wisc.edu (to apply for listserv)

Workshop on Macaque Pair Housing www.yerkes.emory.edu/education/2016%20Behavioral %20 
Management%20Workshop.html

Karen Pryor Academy for Animal Training and Behavior https://www.karenpryoracademy.com/
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Structure of Behavioral Management Programs

Behavioral management programs typically fall into three categories: project based, section-wide, and 
facility-wide (Perlman et al. 2012). One institution may implement multiple approaches simultaneously, 
and programs may evolve from one structure to another. A project-based approach includes a few ani-
mals and a limited number of staff members. Often, this approach is used within a research laboratory 
or with a small group of animals, and relies on a motivated individual and may not persist when that 
individual is not present. The benefits include increased welfare of animals and a positive impact on job 
satisfaction of those implementing the program. Drawbacks may include limited resources and support, 
the efforts can be viewed as expendable when time is restricted, often there may be less emphasis on 
safety for animals and staff, and limited training of staff and supervision of activities. Lastly, inconsis-
tent implementation of behavioral management programs across an institution may be problematic for 
oversight organizations such as USDA, IACUC, and AAALAC.

A section-wide approach includes a greater number of animals and sometimes more staff members 
than the project-based approach. This approach often has the support of a manager and is implemented 
within a unit or department. The benefits include improved safety and staff training, and improved animal 
management. With more animals and staff involved, there may be a greater chance that additional changes 
will follow. Drawbacks include limited support from other departments that may interface with the same 
animals, limited opportunities for the continuing education of staff (such as attending conferences or 
workshops), and the behavioral management activities may not persist beyond the manager’s tenure.

A facility-wide approach is implemented and supported by all departments throughout the entire facil-
ity and impacts the greatest number of animals. The benefits include support for continuing education 
and training of staff members, and allocation of resources toward the effort, such as dedicated staff and 
equipment. The program and goals are clearly defined, which includes both what is provided for the 
animals (e.g., all animals receive foraging opportunities daily) and who is responsible and accountable 
for providing those opportunities. Drawbacks include the cost of increased personnel and educational 
opportunities, but these are minimized through proper communication and education. Defining returns 
on investments should be part of the overall plan.

Characteristics of Successful Behavioral Management Programs

There are a number of hallmarks of research, teaching, and testing facilities that have superior behavioral 
management programs. When the psychological aspects of animal care programs are viewed as essen-
tial to daily work rather than as luxuries that will only be carried out when resources allow, then these 
programs flourish. Although upper-level management and administrative staff members may not engage 
directly in behavioral management programs, their support and interest are vital. Upper-level managers 
may determine the resources that will be devoted to behavioral management. Financial support is needed 
for personnel, supplies, equipment, storage space, and office space. Funds to send staff members to 
attend conferences and workshops on behavioral management are important for ensuring that they have 
the knowledge and skills to carry out the work. This is especially important in facilities that do not have 
individuals on staff that are trained in species-specific animal behavior. The most effective behavioral 
management programs also have forward-thinking individuals with a passion for improving animal wel-
fare, and an organizational culture that embraces change and seeks improvement.

Behavioral management programs require constant evaluation and revision, especially as the animal 
population changes (e.g., new species are acquired), as needs of the animals change (e.g., new research 
procedures begin), and as new behavioral management techniques are employed (e.g., an animal train-
ing program is started). If behavioral problems are becoming more evident or more widespread (e.g., a 
certain abnormal behavior is observed more frequently or among a larger portion of the animal colony), 
then new plans should be devised to address and possibly prevent this problem behavior.

As with other elements of animal care programs, effective and standardized methods of communica-
tion with intentional redundancy are needed. Communication between those directing the behavioral 
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management activities and animal care staff, veterinary staff, research staff, and shop or maintenance 
staff will be needed to carry out the program. For example, typically animal care staff members deliver 
enrichment items to the animals, but representatives of all these groups should be involved in determin-
ing the appropriateness of various types of enrichment for research animals.

Like other areas of laboratory animal care, behavioral management programs should be supported by 
SOPs and other written documents to describe central practices. Examples include SOPs for the enrich-
ment program, for training animals for restraint procedures, and for social introduction procedures. Other 
written guidelines may include a schedule or calendar for delivering enrichment resources, detailed animal 
training plans for common procedures, descriptions of behaviors to look for among socially housed ani-
mals, and a written process for reporting behavioral problems. Written policies to promote the psychologi-
cal well-being of nonhuman primates and to exercise dogs are required under the AWA.

Conclusions and Summary

Behavioral management is a critical part of a well-functioning animal research program, and is receiving 
increasing support and emphasis from the public, peer review and accreditation groups, and regulatory 
agencies. Behavior management programs are based on the goal of increasing animal well-being and 
species-appropriate behavior while decreasing abnormal behavior and distress. These goals are achieved 
by offering animals novelty, choice, and control within their environments (via environmental enrich-
ment programs, good facility design, and animal training), habituating them to the procedures they will 
undergo (via collaboration with researchers, management, and veterinary staff), and allowing animals 
maximum social contact with conspecifics (via a species-appropriate socialization program). Each of 
these methods requires a team approach, with the investment of time, resources, and commitment from 
a variety of individuals within a facility, including behavior specialists, veterinarians, facility manage-
ment, animal care staff, researchers, and the IACUC.

Successful behavioral management programs will necessarily evolve as new literature and technolo-
gies become available. With the increasing ease of use and decreasing cost of touchscreen devices, 
it is easy to anticipate these devices may be more commonly used to allow animals to interact with 
their environment in increasingly sophisticated ways, such as having switches to turn on or off sensory 
enrichment devices, such as television or music, or by completing simple mazes or puzzles to obtain 
a treat or other reward. With the advent of electronic record-keeping and analysis software built to 
handle “big data,” the review of a behavior management strategy’s efficacy may become much more 
routine, but may also introduce new context to conventional wisdom, such as with the increasing nuance 
regarding mouse nesting materials. Video and image analysis software are already used for automated 
behavior coding for mouse phenotyping purposes and to analyze nonhuman primate alopecia, and as 
these technologies become more reliable and cheaper, they could be used more routinely for behavioral 
assessment. Regardless of what changes in specific techniques may come, the characteristics of a well-
functioning behavioral management team will remain constant: open communication with all relevant 
staff, adequate training in animal behavior according to each person’s role, the establishment and analy-
sis of valid performance measures, and regular self-evaluation.
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6
Education and Outreach Programs

Daniel T. Stimson

Animal Research: Why Is It Necessary?

Animal research has played a vital role in virtually every major medical advance of the last century—for 
both human and animal health. Antibiotics, blood transfusions, chemotherapy, dialysis, insulin, organ 
transplantation, heart bypass surgery, joint replacement, vaccinations, and a host of other treatments to 
limit disease, pain, and suffering are based on knowledge attained through research with lab animals.

The use of animals in research began in antiquity, and gathered force in the eighteenth century, when 
philosophers and scientists shifted from studying an ideal, often spiritual world to studying the natural 
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world. The nineteenth century saw the birth of physiology—the study of living organisms and their 
parts—with deepening exploration of human and animal bodies through the study of human cadavers 
and living animals. Two other developments during that time would have a lasting impact on biomedical 
research and the place of animals within it. In 1847, William Morton discovered the anesthetic properties 
of ether, allowing researchers to study animal physiology while reducing animal suffering. And in 1859, 
Charles Darwin published The Origin of Species, in which he proposed that all humans and non human 
animals evolved from a common source, “having been originally breathed into a few forms or into 
one” (Darwin 1859). This shared origin of humans and animals—and the shared physiologies we have 
 inherited—provided a strong scientific basis for studying animals as a proxy for humans.

In the modern era, genetic research has further strengthened this rationale. Despite obvious differ-
ences between human and mouse, the mouse genome is about 92% identical to ours. Even the fruit fly 
genome shares about 44% identity with the human genome. Together, our similarities to animals—in 
physiology and genetics, as well as behavior, development, and molecular biology—provide a ratio-
nale not only for studying animals to gain insights into human health, but also for treating them 
humanely.

Insights drawn from animal research have been critically important in efforts to improve human and 
animal health. Since 1900, the average human life expectancy in the United States has increased by 
about 30 years. In 2015, infant mortality in the United States—a key indicator of the nation’s health—
was measured at 5.8 deaths per 1000 live births, compared with 55.7 deaths per 1000 live births in 1935 
(National Center for Health Statistics).

In the early twentieth century, infectious diseases were the leading cause of death in the United States. 
Today, we have antibiotics to treat potentially fatal bacterial infections, largely thanks to research on 
rodent models. Research conducted on animals has also led to vaccines against deadly viruses such as 
polio, rabies, mumps, rubella, and hepatitis.

Animal research has also played an important role in developing drugs for common disorders, such 
as heart failure, stroke, asthma, diabetes, and arthritis. The lipid-lowering effects of statins, which can 
reduce the risk of heart attack and stroke, were first discovered in animal models (Tobert 2003). Insulin, 
the pancreatic cells that produce it, and its ability to lower the spikes in blood sugar associated with dia-
betes were all discovered in animals (White 2014). (For more examples, see “Animals behind the Top 25 
Prescribed Drugs in the United States (2014)” in Appendix 6.1.)

Life-saving medical procedures and surgeries have also been developed through animal research. 
Blood transfusions provide a powerful example. Each year in the United States, more than 14 million 
blood transfusions are given to support blood volume during surgery, to compensate for acute blood loss, 
or to treat severe burns or infections (CDC 2016b). Knowledge of blood flow and its role in transporting 
oxygen and nutrients throughout the body is derived from animal studies that began in the seventeenth 
century. Animal studies also enabled the earliest transfusions, and contributed to the understanding of 
different blood types and their compatibility (Giangrande 2000).

Many have questioned whether animal studies are necessary to advance medical research. Here, it 
is important to trace the development of new therapies from discovery to first-in-human testing, and to 
consider the alternatives to using animals during this process.

Developing a new method to prevent or treat disease begins with understanding disease mechanisms; 
human studies might provide clues, but animal studies are typically used to show cause and effect. 
Again, research on blood helps illustrate the point. Until the 1960s, as many as 10,000 infants died 
annually in the United States from a condition called hemolytic disease of the newborn. Human case 
studies pointed to blood-typing proteins as the likely culprit. But it was a series of blood transfusion 
studies on rhesus monkeys and other animals that pinpointed the cause—a protein called Rh factor that, 
when present in fetal blood, could cause a pregnant mother’s immune system to attack her child. Risk of 
this reaction can now be determined by a simple blood test and prevented with a drug called RhoGAM 
(Stockman and de Alarcon 2001). Discovery of the Rh factor is just one example of a vast body of Nobel 
Prize–winning work made possible through animal research (see Appendix 6.1).

A mass poisoning in American history illustrates how tragedy can unfold when a new treatment is 
introduced for human use without the benefit of animal studies. In 1937, in response to high demand for 
strep throat medications, the S. E. Massengill Company began making a new liquid antibiotic. Before 
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marketing, the drug was tested for taste, appearance, and odor—but not for toxicity—which was not 
legally required at the time. Unknown to the company’s chief chemist, the liquid solvent was poison-
ous, and ultimately killed hundreds of people. Public outrage led to the passage of the Food, Drug, and 
Cosmetic Act, which expanded the powers of the U.S. Food and Drug Administration (FDA) to ensure 
drug safety (Ballentine 1981). Today, FDA rules generally require toxicity studies in animals before new 
drugs can move to human testing (Food and Drug Administration 2016).

There are useful methods to complement studies of humans and animals. These include computer 
modeling, noninvasive imaging, and laboratory-grown cells. Such cellular models are becoming increas-
ingly sophisticated; there are now many tissue and organ “chips” that combine cells with other organic 
and artificial components to model parts of the human body. Researchers have developed these systems 
in recognition that animal models cannot answer every question in biomedical research, and in deference 
to the 3Rs. These guiding principles call for researchers to work toward reduction in the number of ani-
mals used in research, refinement of methods to reduce animals’ pain and suffering, and replacement of 
animals with alternative models (Russell and Burch 1959). But despite advances in alternative models, it 
remains the case that for many biomedical research questions, animals provide the closest approximation 
to how our bodies function in health and disease.

Recent Animal Research Achievements

Alzheimer’s Disease

Alzheimer’s is the sixth leading cause of death in the United States and currently affects more than 
5  million  Americans. In 2015, the cost of treating Alzheimer’s and associated dementias in the 
United States was $226 billion. As Alzheimer’s progresses, a protein fragment called beta amyloid 
accumulates in the brain. Studies of rodent models suggest that beta amyloid plays a causal role in 
the disease. Researchers are thus pursuing beta amyloid and functionally related proteins as tar-
gets for therapy. In several ongoing clinical trials, scientists are testing the effects of an approach 
called immunotherapy, which involves triggering an immune reaction to destroy the target proteins 
(Alzforum 2016).

Cancer

Thanks in part to diagnostic tests and therapies based on animal research, cancer deaths have been on a 
continuous decline in the United States since the 1990s. Advances in treating childhood leukemia pro-
vide one of the most dramatic success stories in cancer history. In the 1940s, acute lymphocytic leukemia 
(ALL) was uniformly fatal. But thanks to the development of effective chemotherapy—tested in part 
with mice—the cure rate for children with ALL is now about 80% (Simone 2008). Animal research has 
also been critical for developing a new class of treatment called targeted therapy. While chemotherapeu-
tic drugs work by poisoning cancer cells—and can poison healthy cells too—targeted therapies attack 
unique molecules found in cancer cells. The FDA has approved many targeted therapies for diverse types 
of cancer (National Cancer Institute 2016) (Figure 6.1).

Cystic Fibrosis

Cystic fibrosis (CF) is a genetic disease in which mucus builds up in the lungs, blocking the airways and 
creating a welcome environment for bacteria. Decades of research with mouse models helped estab-
lish that the disease is caused by defects in a protein needed to clear fluid from the lungs (Keiser and 
Engelhardt 2011). Advances in supporting ventilation and preventing infection are helping people with 
CF live longer and healthier lives, but the average life span for adults with CF is still less than 40 years 
(National Library of Medicine 2016). Since 2012, the FDA has approved two drugs that target the protein 
defects at the root of the disease (Pollack 2015). Gene therapy for CF has also shown promise in a clinical 
trial (Alton et al. 2015).
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Ebola

The 2014 Ebola outbreak claimed more than 11,000 lives in West Africa. Ebola causes severe hem-
orrhagic fever in humans and other mammals (CDC 2016a). Survivors may continue to suffer long-
term effects even after the infection has cleared. Because Ebola evolved from primate viruses, animal 
research has been essential in prevention and treatment efforts. More than a dozen candidate vaccines 
have shown promise in animal studies, and four have moved into clinical trials, all at record-breaking 
speed (World Health Organization 2016a).

Epilepsy

There are now more than 20 antiseizure medications available to the 2.3 million adults and 450,000 chil-
dren living with epilepsy in the United States (National Institute of Neurological Disorders and Stroke 
2016a). None of these drugs would have been approved for human use unless their safety had been tested 
first in animals. Since 1975, the Epilepsy Therapy Screening Program at the National Institutes of Health 
(NIH) has used rodent models to rapidly test new candidate epilepsy drugs. The program has helped 
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develop some of the most commonly prescribed epilepsy drugs (National Institute of Neurological 
Disorders and Stroke 2016b).

Heart Attack and Stroke

Animal research has contributed to dozens of drugs that help prevent heart attack and stroke through 
various means, such as controlling blood clots, blood pressure, and diabetes. Among the more recent 
additions to this arsenal are cholesterol-lowering drugs called statins. High cholesterol was identified as 
a potential risk factor for heart attacks and strokes in the 1960s. By the late 1970s, researchers began to 
develop and test statins in animals (including rabbits, dogs, and monkeys). Today, nearly 30% of adults 
over age 40 have taken a cholesterol-lowering medication within the past 30 days (Tobert 2003).

Hepatitis

Viruses are the most common cause of hepatitis, an inflammation of the liver than can lead to cirrhosis, 
end-stage liver disease, and liver cancer. More than half a billion people worldwide are infected with 
hepatitis B, C, and D each year (National Institute of Allergy and Infectious Diseases 2016a). Thanks 
to animal studies, a vaccine for hepatitis B became available in the 1980s, and since then, the number 
of people infected with the virus each year in the United States has dropped from about 250,000 to 
about 70,000 (Centers for Disease Control and Prevention 2002). Although more elusive, two vac-
cines for hepatitis C have moved into clinical trials thanks to encouraging tests in nonhuman primates 
(White et al. 2014). A variety of antiviral drugs can help reduce viral load and manage symptoms in 
people with chronic hepatitis infections. Animal research has helped lead to a new generation of anti-
virals for hepatitis C that are more effective and easier to tolerate than older drugs (Feeney and Chung 
2014).

HIV

More than 1.2 million Americans are currently living with HIV (CDC 2016c). Over the course of the 
global HIV/AIDS epidemic, more than 70 million people have been infected and about 35 million people 
have died (World Health Organization 2016b). When the epidemic began in the 1980s, HIV/AIDS was 
universally fatal. Today, there are 31 FDA-approved antiretroviral drugs available to treat HIV infection, 
and with proper treatment, many people with HIV are able to live a normal life, to have children, and 
to watch them grow up (National Institute of Allergy and Infectious Diseases 2016b). An HIV vaccine, 
once thought impossible due to the virus’s capacity for rapid mutation, is now in clinical trials thanks in 
part to animal research (National Institute of Allergy and Infectious Diseases 2016c).

Influenza

Certain strains of influenza can be severely debilitating and even deadly, especially for children, preg-
nant women, and the elderly. Each year, influenza kills as many as 500,000 people worldwide. As many 
as 160 million doses of influenza vaccine are distributed annually in the United States to prevent flu 
and reduce its impact (CDC 2016d). But infectious disease experts must still take their best guess about 
the most dangerous and prevalent strains of influenza from year to year. To eliminate this guesswork, 
researchers are working on a universal flu vaccine with the help of animal models. Historically, ferrets, 
mice, and guinea pigs have been important animal models in influenza research (Bouvier 2015).

Joint Disorders

The majority of patients who undergo successful hip and knee replacements each year no longer require 
the use of wheelchairs and experience less pain when walking. Companion pets, most commonly dogs, 
are also the recipients of successful joint replacements, which can greatly improve their quality of life 
(Ohio State University 2016).
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Kidney Disease

Prior to the 1960s, kidney failure was a leading cause of death among young adults (Couser 2016). Today, 
people with kidney disease are living longer, healthier lives thanks to improvements in dialysis (in which 
the blood is filtered of waste) and kidney transplantation. Research on sheep was essential for develop-
ing the shunts that are used in dialysis, and for the drugs used to prevent immune rejection of kidney 
transplants.

Organ Failure

The lives of hundreds of thousands of kidney, liver, and heart transplant recipients have been prolonged 
and enhanced thanks to surgical advances and the development of effective immunosuppressive drugs 
that prevent organ rejection. In 2014 alone, more than 29,000 people received organ transplants in the 
United States (Health Resources and Services Administration). Moreover, life-saving procedures, such 
as open-heart surgery, coronary artery bypass, valve replacement, and the repair of congenital heart 
defects—surgeries developed with the help of lab animals—are now common practice. For a decade, two 
types of artificial heart—both tested in calves—have been providing heart failure patients the critical 
time they need to find suitable heart donors (O’Brien 2015).

Malaria

Malaria is a chronic, sometimes fatal disease caused by a parasite transmitted by mosquitoes. In 2015, 
an estimated 214 million people worldwide were diagnosed with malaria, and 438,000 died. A new gen-
eration of drugs has been developed to fight the most severe forms of this disease, and researchers are 
working to develop a malaria vaccine with the help of rodents and other animal models.

Paralysis

About 6 million people in the United States are living with paralysis (Reeve Foundation 2016). Scientists 
are studying rodents and other mammals to develop potential new therapies to spur neurons in the spi-
nal cord to grow and create new connections, enabling recovery of sensations and motor functions. An 
approach that combines spinal stimulation with supported locomotion on a treadmill has even helped 
people with paralyzing spinal injuries recover some ability to move their legs (Angeli et al. 2014). Other 
researchers have used cats to understand and treat facial paralysis (Iritani et al. 1991).

Parkinson’s Disease

Each year, about 50,000 Americans are diagnosed with Parkinson’s disease, which causes tremors, slower 
movements, poor balance, and muscle rigidity (National Institute of Neurological Disorders and Stroke 
2016c). Nobel Prize–winning work with rabbits taught us much about the drug L-DOPA, which helps 
control these symptoms and is a cornerstone of treatment for Parkinson’s disease (see Appendix 6.1). 
People who become resistant to L-DOPA can benefit from deep brain stimulation (DBS), which was 
developed in part through research with monkeys and approved for treating Parkinson’s in the 1990s. In 
DBS, a very fine wire is implanted into the brain and used to stimulate motor control areas. The stimula-
tion is powered by a battery pack implanted near the collarbone. The technique can bring about dramatic 
and long-lasting improvement (Noonan 2014).

Vision Loss

More than 10 million Americans have age-related macular degeneration (AMD), the leading cause of 
vision loss in the United States. AMD destroys central vision, which is needed for everyday tasks like 
reading, driving, or simply recognizing the faces of loved ones (American Macular Degeneration 2016). 
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A class of drugs called vascular endothelial growth factor (VEGF) inhibitors was developed through 
animal research, and can slow vision loss from the most common form of advanced AMD (called wet or 
neovascular AMD). A recent study found that after 5 years of treatment with VEGF inhibitors, half of 
patients retained 20/40 or better vision, good enough to drive or read (Maguire et al. 2016). State-of-the-
art therapies are under development for other vision disorders. A gene therapy approach—first studied 
in mice—has been shown to restore at least some sight to young people blinded by the genetic disease 
Leber congenital amaurosis (National Eye Institute 2016).

Animal Research for Animals

Animal research has improved health care not only for humans, but also for animals, including compan-
ion animals, farm animals, wildlife, and endangered species. Our genetic and physiological similarities 
to animals means that we are susceptible to many of the same health problems, and that we can benefit 
from similar interventions (Figure 6.2). We share vulnerability to some infectious diseases, including 
rabies and Lyme disease. Studies of dogs, in particular, were helpful in developing antibiotic treatment 
regimens and diagnostic blood tests that are used for both canine and human patients with Lyme disease 
(Krupka and Straubinger 2010).

In addition to infectious diseases, animals and humans are susceptible to common diseases and con-
ditions that depend on factors such as aging, diet, physical activity, and genetics. Examples of shared 
treatments for diseases that are common to humans and animals include

• Anti-inflammatory drugs for arthritis

• Chemotherapy for cancer

• Eye drops for glaucoma

• Insulin for diabetes

• Pacemakers for an abnormal heartbeat

• Surgeries for traumatic injury

• Transplants to repair damaged organs and tissues (bone, cornea, and kidney transplants are 
common among companion animals)

According to a 2005 report from the National Academies exploring challenges in veterinary medicine 
and research, the level of public funding devoted to a particular animal health issue tends to correlate 
with its relevance to human health. The report notes that animal diseases that also threaten human health 
have been funded at “munificent levels” by the NIH, and that increases in the NIH budget from 1998 to 
2003 have led to significant benefits for animal health (Committee on Assessing the Nation’s Framework 
for Addressing Animal Diseases 2005).

Animal Models

About 95% of all lab animals are mice, rats, fish, and birds (Hastings Center 2012). Mice, in particular, 
have become the preeminent animal model for a host of diseases. Its small size and ability to reproduce 
rapidly have made the mouse an attractive choice to biologists for nearly 100 years (Jackson Laboratory). 
We now know that the mouse genome contains essentially the same complement of genes found in the 
human genome. So studying how a particular gene works in mice can shed light on that gene’s role 
in human health and disease (National Human Genome Research Institute 2002). Mouse genetics has 
opened many doors to new therapies not only for rare genetic diseases, but also for common diseases, 
including many forms of cancer. Scientists also are able to breed mice with genetic mutations that cause 
human diseases. In the past 25 years, it has also become possible to turn mouse genes on and off at 
specific times during the life span and in specific tissues and organs. These conditional mutations allow 
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FIGURE 6.2 Because of our shared physiology, animals and humans also have a shared vulnerability to diseases such as 
diabetes and cancer. Studying animals to develop and test new interventions for these diseases has benefited humans and 
animals alike. (Courtesy of the Foundation for Biomedical Research.)
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researchers to probe exactly when and where in the body a gene is needed, thus supporting progress 
toward therapies that act with similar specificity, without unwanted side effects.

Mice are not always the best model for answering questions about human health and disease. To seek 
an understanding of fundamental, shared biology or search for new genetic pathways, researchers often 
turn to cell models, or fruit flies or other invertebrates (National Human Genome Research Institute 
2002). On the other hand, some research questions are more effectively addressed in studies of large 
mammals. For example, nonhuman primates have been essential for studying basic brain function, cer-
tain brain disorders, and infectious diseases that preferentially affect primates, such as Ebola and HIV 
(Lankau et al. 2014). Because their organs are similar in size to ours, pigs have been important for the 
development of life-saving surgeries, including organ transplants (Dehoux and Gianello 2007). Research 
on the visual systems of dogs and cats—which are similar to ours—has led to treatments for visual dis-
orders and blindness (Wiesel 1982).

While nonhuman primates, pigs, dogs, and cats have made clear contributions to medicine, they make 
up less than one-half of 1% of animals used in research. As described below, federal laws and regulations 
impose important limits on research involving animals, especially large mammals.

Oversight

In the United States, the use of animals in research is regulated by the Animal Welfare Act (AWA) and 
Public Health Service (PHS) policy. The AWA has requirements for housing, feeding, ventilation, and 
other care that is appropriate for the animal species. The law also requires researchers to minimize ani-
mals’ exposure to pain, distress, and discomfort. Researchers must provide exercise for dogs, and ensure 
psychological well-being for primates (U.S. Department of Agriculture 2016a). Although the AWA does 
not apply to mice, rats, or birds that are bred for research, PHS policy applies AWA requirements to the 
use of these animals in federally funded research (Office of Laboratory Animal Welfare 2015; National 
Science Foundation 2016).

Under the AWA and PHS policy, research institutions are required to establish an Institutional Animal 
Care and Use Committee (IACUC) to oversee all work with animals. IACUCs review animal research 
projects from the planning stage through completion. They require researchers to justify their need for 
animals, select the most appropriate species, explain why the research cannot be accomplished without 
an alternative model, and use the fewest number of animals possible to answer a specific question. They 
enforce the AWA’s requirement that researchers take steps to minimize pain, and otherwise ensure ani-
mal welfare to the extent that they can without affecting the science. All IACUCs include at least one vet-
erinarian and one community representative, unaffiliated with the institution. These committees oversee 
and monitor every potential experiment to help ensure optimal animal care. They have the authority to 
reject any research proposal and stop any project they believe has failed to meet proper standards.

IACUCs are required to conduct regular inspections of animal research facilities, and to investigate 
any complaints regarding animal care (U.S. Department of Agriculture 2016b). If an IACUC finds that 
a facility is not complying with its preapproved research plan, it must document the noncompliance and 
recommend corrective action. Failure to correct a problem that affects animal health, safety, or well-
being must be reported to any federal agency that supports the research, and can lead to a revocation of 
funds (Office of Laboratory Animal Welfare 2016).

Violations of the AWA are the rare exception, not the rule. The research community advocates the 
highest quality of animal care and treatment for two key reasons. First, the use of animals in research is 
a privilege, and those animals that are helping us unlock the mysteries of disease deserve our respect and 
the best possible care. Second, a well-treated animal will provide more reliable scientific results, which 
is the goal of all researchers.

Laws and policies regulating animal research have evolved with changes in science and public opin-
ion. The AWA itself was passed in 1966 in response to public concerns about the use of dogs and cats 
in research, bolstered by a high-profile case in which a companion dog was abducted and sold to a 
lab (Adams and Larson 2016). (Federal rules now require strict documentation regarding the source of 
laboratory animals, and the NIH will not fund research on dogs or cats obtained from small dealers or 
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pounds [National Institutes of Health 2013].) In 2010, the NIH commissioned the Institute of Medicine 
(IOM) (now the National Academy of Medicine) to examine the need for chimpanzees in NIH-funded 
research. The IOM concluded that “while the chimpanzee has been a valuable animal model in the 
past, most current biomedical research use of chimpanzees is not necessary” (Institute of Medicine 
and National Research Council of the National Academies 2011). Following the IOM’s report, the NIH 
announced in 2013 that it would significantly reduce the use of chimpanzees in research. In 2015, the 
agency announced that it would end support for chimpanzee research (Collins 2015) and retire all NIH-
owned and supported chimpanzees to a sanctuary called Chimp Haven (2016), which occupies 200 acres 
of forest in southern Louisiana.

Public Support

Until recently, U.S. public support for the use of animals in biomedical research remained steady at around 
70%, but according to the Foundation for Biomedical Research, it now ranges from 45% to 57% in various 
surveys. If public support for animal research continues to decline, this could have serious implications 
for investments by the NIH, Centers for Disease Control and Prevention, National Science Foundation, 
and other publicly funded agencies that support biomedical research. The scientific community must be 
prepared to convey the value of animals in research and our commitment to their humane treatment—to 
students, health professionals, policy makers, government leaders, philanthropists, media, and the general 
public.

Animal rights extremists often make the false claim that animal research has contributed little to noth-
ing in advancing clinical or veterinary care. For the last 30 years, as animal rights extremism has grown 
exponentially in both scope and size, the biomedical research community has mostly remained silent, 
assuming that logical minds would prevail, and that people would see the connection between animal 
research and improvements in health. This has not been the case, and animal research critics have con-
trolled the dialogue (Figure 6.3).

Communication Tips

Communications to the public should focus on the results of animal research—disease mysteries solved, 
cures discovered, lives saved, and stories of people who might not be here today if it were not for animal 
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FIGURE 6.3 (See color insert.) Surveys by the Foundation for Biomedical Research show that U.S. public support for the 
use of animals in medical research has declined from about 70% in 2004 to about 45% in recent years. Survey results for 
2015 and 2016 included respondents who answered “unsure,” 5% and 13%, respectively. Those responses are not included 
in the chart. (Courtesy of the Foundation for Biomedical Research.)
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research. For people who doubt the value of animal research, it is worth asking them to consider the 
alternative. Would they want a loved one to receive a new, potentially hazardous drug or procedure that 
had never been tested in another live being? The fact that animal research helps animals, and not just 
humans, can also be a powerful message; it is new information for many people. Here are a few impor-
tant tips to consider:

• Contact your institution’s communications or press office for advice on how to talk about ani-
mal research—before a crisis or potential crisis occurs. They can help you develop a plan to 
anticipate and counter uninformed challenges from animal rights extremists.

• They may recommend designating one or more spokespersons to talk about animal 
research. Most communications offices offer media training.

• They can prepare materials that describe research at your organization, the role of animals, 
and your institution’s animal welfare policies.

• The advocacy groups in the next section can offer additional support and resources.

• Familiarize yourself with biomedical breakthroughs made possible because of animals, like 
the ones described in this chapter. Be ready to share them.

• Learn more about the leading causes of death and disability, and how animal research is sup-
porting the development of new tests and treatments—for humans and animals. How many 
lives could be saved? How many disabilities could be prevented or overcome? Provide exam-
ples from your lab or organization, where applicable.

• Find people and families affected by disease in your community who are willing to speak out 
on behalf of the need for animal research. Most individuals and families affected by diseases 
like cancer and Alzheimer’s understand the need for animal research.

• Stress that the majority of lab animals are purpose-bred mice and rats. Nonhuman primates, 
dogs, cats, and pigs make up less than one-half of 1% of all animals used in research.

• Emphasize that humane treatment of lab animals is the law and the common practice at almost 
all institutions. Allegations of lab animal neglect and abuse represent the exception. These 
allegations are investigated by the sponsoring institutions and by government agencies, and can 
lead to revocation of research funding.

Domestic and International Advocacy Groups

• Alliance for Biomedical Research in Europe (BioMed Alliance): This is a unique initiative 
representing 21 leading research-oriented medical societies that include more than 400,000 
researchers across Europe. The BioMed Alliance is committed through its actions to promote 
excellence in European biomedical research and innovation. Visit biomedeurope.org for more 
information.

• American Association for Laboratory Animal Science (AALAS): AALAS is a membership 
association of professionals employed around the world in academia, government, and private 
industry who are dedicated to the humane care and treatment of laboratory animals, as well 
as the quality research that leads to scientific gains that benefit people and animals. Visit aalas 
.org for more information.

• Americans for Medical Progress (AMP): AMP is a U.S.-based nonprofit that nurtures public 
understanding of and support for the humane, necessary, and valuable use of animals in medi-
cine. Through various specialty publications, outreach initiatives, and the media, AMP informs 
the public about the facts of animal-based research. Visit amprogress.org for more information.

• AnimalResearch.info (2016): This website aims to provide reliable, detailed information about 
when and why it is appropriate to use animals, and the history of this area of research. An inter-
national collaboration of scientists and expert contributors provide source information about 
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the contribution of animals to scientific advances, and the rationale for why they are used. Visit 
animalresearch.info for more information.

• European Animal Research Association (EARA): This a communications and advocacy orga-
nization supporting biomedical research and health care development across Europe. EARA 
facilitates open discussion about animal research, and provides accurate, evidence-based infor-
mation about its benefits. Visit eara.eu/en for more information.

• European Federation of Pharmaceutical Industries and Associations (EFPIA): EFPIA brings 
together more than 70 pharmaceutical industry associations and leading companies in Europe 
undertaking research, development, and the manufacture of medicinal products for human use. 
EFPIA supports transparent dialogue about the use of animals in research. Visit efpia.eu/topics 
/innovation/animal-welfare for more information.

• Foundation for Biomedical Research (FBR): FBR is the oldest and largest nonprofit orga-
nization in the United States dedicated to improving human and animal health by promot-
ing public understanding and support for biomedical research. FBR’s mission is to educate 
people about the essential role of humane and responsible animal research in the quest for 
medical advancements, treatments, and cures for both people and animals. Using video 
and educational and media campaigns to raise public awareness, FBR illustrates how ani-
mal research improves health for both people and animals. Visit fbresearch.org for more 
information.

• National Association for Biomedical Research (NABR): NABR provides a unified voice for 
the scientific community on legislative and regulatory matters affecting laboratory animal 
research. NABR works to safeguard the future of biomedical research on behalf of public and 
private universities, medical and veterinary schools, teaching hospitals, voluntary health agen-
cies, professional societies, pharmaceutical and biotech industries, and other animal research–
related firms. Visit nabr.org for more information.

• Speaking of Research (2016): This is an international advocacy group that provides accu-
rate information about the importance of animal research in medical and veterinary science. 
Speaking of Research aims to challenge animal rights extremists by participating in talks and 
debates on campuses across the country and by utilizing online tools to provide encouragement, 
information, and support to all who care about medical progress. Visit  speakingofresearch.com for 
more information.

• States United for Biomedical Research (SUBR): SUBR is a network of nonprofit associations 
that have joined forces to promote health through science and education. SUBR is committed 
to building collaborative networks of organizations, institutions, businesses, and individuals to 
promote public understanding of and support for biomedical research, including the humane 
care and use of research animals. Visit statesforbiomed.org for more information.

• Understanding Animal Research: This UK-based organization aims to achieve broad under-
standing and acceptance of the humane use of animals in biomedical research in the United 
Kingdom in order to advance science and medicine. Visit understandinganimalresearch.org.uk 
for more information.

DISCLAIMER
This chapter should not be interpreted as representing the viewpoint of the U.S. Department of Health 
and Human Services, the National Institutes of Health, or the National Heart, Lung, and Blood Institute. 
The author and editors extend their appreciation to the Foundation for Biomedical Research (FBR), 
Washington, DC, for providing expertise in the development of this chapter.

www.ebook3000.com

http://www.ebook3000.org


95Education and Outreach Programs

APPENDIX 6.1
Nobel Prizes Based on Animal Research (Foundation for Biomedical Research 2016b)

Nearly every Nobel Prize in Medicine awarded in the last three decades was dependent on data from 
animal models. Overall, 83% of Nobel Prizes awarded for outstanding contributions to medicine have 
involved animal research since the awards program was founded in 1901.

Year Nobel Laureate Animal Model Contribution to Modern Medicine

2015 William C. Campbell, Satoshi Ōmura, 
and Youyou Tu

Mouse, nematode 
(roundworm)

Novel therapies against roundworm 
infections and malaria

2014 John O’Keefe, May-Britt Moser, 
and Edvard I. Moser

Rat Discoveries of cells that constitute a 
positioning system in the brain (an inner 
GPS)

2013 James E. Rothman and Thomas C. 
Südhof

Hamster, mouse Discoveries of machinery regulating 
vesicle traffic, a transport system in our 
cells

2012 Sir John B. Gurdon and Shinya 
Yamanaka

Frog, mouse Discovery that mature cells can be 
reprogrammed to behave like embryonic 
stem cells

2011 Bruce A. Beutler, Jules A. Hoffmann, 
and Ralph M. Steinman

Fruit fly, mouse Discoveries concerning the activation of 
innate immunity

2010 Robert G. Edwards Rabbit Development of in vitro fertilization

2009 Carol W. Greider, Elizabeth H. 
Blackburn, and Jack W. Szostak 

Frog, mouse Discovery of how chromosomes are 
protected by telomeres and the enzyme 
telomerase

2008 Harald zur Hausen, Françoise 
Barré-Sinoussi, and Luc Montagnier 

Cow, chimpanzee, 
hamster, monkey, 
mouse

Discovery of human papilloma viruses 
causing cervical cancer

2007 Mario R. Capecchi, Sir Martin J. Evans, 
and Oliver Smithies

Chick, mouse Principles of gene modification in mice 
through the use of embryonic stem cells

2006 Andrew Z. Fire and Craig C. Mello Nematode Discovery of RNA interference—gene 
silencing by double-stranded RNA

2005 Barry J. Marshall Piglet Discovery of the bacterium Helicobacter 
pylori and its role in gastritis and peptic 
ulcers 

2004 Richard Axel and Linda B. Buck Fruit fly, mouse Discovery of odorant receptors and the 
organization of the olfactory system

2003 Paul C. Lauterbur and Sir Peter 
Mansfield

Chimpanzee, clam, 
dog, frog, mouse, 
pig, rabbit, rat

Discoveries concerning magnetic 
resonance imaging (MRI)

2002 H. Robert Horvitz, Sydney Brenner, 
and John E. Sulston

Nematode Genetic regulation of organ development 
and programmed cell death

2001 Leland H. Hartwell, Tim Hunt, and 
Sir Paul M. Nurse

Clam, frog, rabbit, sea 
urchin

Discoveries of key regulators of the cell 
cycle

2000 Arvid Carlsson, Paul Greengard, 
and Eric R. Kandel

Mouse, sea slug Discoveries in signal transduction in the 
nervous system

1999 Günter Blobel Dog, mouse, rat Discovery that proteins have intrinsic 
signals that govern their transport and 
localization 

1998 Robert F. Furchgott, Louis J. Ignarro, 
and Ferid Murad

Rabbit Regulation of blood pressure by nitric 
oxide (NO)

1997 Stanley B. Prusiner Hamster, mouse Discovery of prions, a new biological 
principle of infection

(Continued)
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1996 Peter C. Doherty and Rolf M. 
Zinkernagel

Mouse Recognition of virus-infected cells by the 
immune system

1995 Edward B. Lewis, Christiane Nüsslein-
Volhard, and Eric F. Wieschaus

Fruit fly Genetic control of early embryonic 
development

1994 Alfred G. Gilman and Martin Rodbell Cow, guinea pig, 
rabbit, rat, turkey

G-proteins and their role in signal 
transduction in cells

1993 Richard J. Roberts and Phillip A. Sharp Mouse, rat Discoveries of split genes

1992 Edmond H. Fischer and Edwin G. 
Krebs

Rabbit, rat Discoveries concerning reversible 
phosphorylation (to regulate proteins) 

1991 Erwin Neher and Bert Sakmann Frog Chemical communication between cells

1990 Joseph E. Murray and E. Donnall 
Thomas

Dog Organ transplantation techniques

1989 Harold E. Varmus and J. Michael 
Bishop

Chicken Discovery of the cellular origin of 
retroviral oncogenes

1988 Sir James W. Black, Gertrude B. Elion, 
and George H. Hitchings

Cat, dog, guinea pig, 
monkey, mouse, 
rabbit, rat

Discoveries of important principles for 
drug treatment

1987 Susumu Tonegawa Mouse Discovery of genetic principle behind 
antibody diversity

1986 Stanley Cohen and Rita 
Levi-Montalcini

Chick, mouse, snake Nerve growth factor and epidermal growth 
factor

1985 Michael S. Brown and Joseph L. 
Goldstein

Rat Regulation of cholesterol metabolism

1984 Niels K. Jerne, Georges J. F. Köhler, 
and César Milstein

Mouse Techniques of monoclonal antibody 
formation

1982 Sune K. Bergström, Bengt I. 
Samuelsson, and John R. Vane

Guinea pig, rabbit, rat Discovery of prostaglandins

1981 Roger W. Sperry Cat, monkey Functional specialization of the cerebral 
hemispheres

1981 David H. Hubel and Torsten N. Wiesel Cat, monkey Information processing in the visual 
system

1980 Baruj Benacerraf, Jean Dausset, 
and George D. Snell

Guinea pig, mouse Histocompatibility (self) antigens and their 
mechanism of action

1979 Allan M. Cormack and Godfrey N. 
Hounsfield

Pig Development of computer-assisted 
tomography (CAT) scan

1977 Roger Guillemin and Andrew V. Schally Pig, sheep Peptide hormones produced in the brain

1977 Rosalyn Yalow Pig, sheep Development of radioimmunoassays of 
peptide hormones

1976 Baruch S. Blumberg and D. Carleton 
Gajdusek

Chimpanzee New mechanisms for the origin and 
dissemination of infectious diseases

1975 David Baltimore, Renato Dulbecco, 
and Howard Martin Temin

Chicken, horse, 
monkey, mouse

Interaction between tumor viruses and 
genetic material

1974 Albert Claude, Christian de Duve, 
and George E. Palade

Chicken, guinea pig, 
rat

Structural and functional organization of 
cells

1973 Karl von Frisch, Konrad Lorenz, 
and Nikolaas Tinbergen

Bee, bird, fish Organization of social and behavior 
patterns in animals

1972 Gerald M. Edelman and Rodney R. 
Porter

Guinea pig, rabbit Chemical structure of antibodies

1971 Earl W. Sutherland Jr. Dog, rat Mechanism of the actions of hormones

1970 Sir Bernard Katz, Ulf von Euler, 
and Julius Axelrod

Cat, rat Mechanism of storage and release of nerve 
transmitters

1968 Robert W. Holley, Har Gobind Khorana, 
and Marshall W. Nirenberg

Cat, frog, guinea pig, 
rat, snake, tortoise

Interpretation of the genetic code and its 
function in protein synthesis
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1967 Ragnar Granit, Haldan Keffer Hartline, 
and George Wald

Chicken, crab, fish, 
rabbit

Primary physiological and chemical 
processes of vision

1966 Peyton Rous Chicken, rabbit, rat Discovery of tumor-inducing viruses

1966 Charles Brenton Huggins Chicken, rabbit, rat Hormonal treatment of prostate cancer

1964 Konrad Bloch and Feodor Lynen Rat Regulation of cholesterol and fatty acid 
metabolism

1963 Sir John Carew Eccles, Alan Lloyd 
Hodgkin, and Andrew Fielding Huxley

Cat, crab, frog, squid Ionic mechanisms involved in nerve cell 
activity

1961 Georg von Békésy Guinea pig Mechanism of stimulation within the 
cochlea (inner ear)

1960 Sir Frank Macfarlane Burnet and Peter 
Brian Medawar

Rabbit Discovery of acquired immune tolerance

1957 Daniel Bovet Dog, rabbit Production of compounds that act on 
blood vessels and muscle (including 
antihistamines)

1955 Axel Hugo Theodor Theorell Horse Nature and mode of action of oxidation 
enzymes

1954 John Franklin Enders, Thomas Huckle 
Weller, and Frederick Chapman 
Robbins

Monkey, mouse Culture of poliovirus that led to 
development of vaccine

1953 Hans Adolf Krebs Pigeon Discovery of the citric acid cycle

1953 Fritz Albert Lipmann Pigeon Discovery of coenzyme A and its 
importance in metabolism

1952 Selman Abraham Waksman Guinea pig Discovery of streptomycin, the first 
effective antibiotic against tuberculosis

1951 Max Theiler Monkey, mouse Development of yellow fever vaccine

1950 Edward Calvin Kendall, Tadeus 
Reichstein, and Philip Showalter 
Hench

Cow Antiarthritic role of adrenal hormones

1949 Walter Rudolf Hess Cat Functional organization of the brain as a 
coordinator of internal organs

1949 Antonio Caetano de Abreu Freire Egas 
Moniz

Cat Therapeutic value of leucotomy (frontal 
lobotomy) in certain psychoses

1947 Carl Ferdinand Cori and Gerty Theresa 
Cori (née Radnitz)

Dog, frog, toad Catalytic conversion of glycogen to 
glucose

1947 Bernardo Alberto Houssay Dog, frog, toad Role of pituitary gland in sugar 
metabolism

1945 Sir Alexander Fleming, Ernst Boris 
Chain, and Sir Howard Walter Florey

Mouse Discovery of penicillin and its curative 
effect in various infectious diseases

1944 Joseph Erlanger and Herbert Spencer 
Gasser

Cat Specific functions of nerve cells

1943 Henrik Carl Peter Dam and Edward 
Adelbert Doisy

Chick, dog, mouse, 
rat

Discovery of vitamin K function

1939 Gerhard Domagk Mouse, rabbit Antibacterial effects of prontosil

1938 Corneille Jean François Heymans Dog Role of the sinus and aortic mechanisms in 
regulation of respiration

1936 Sir Henry Hallett Dale and Otto Loewi Bird, cat, frog, reptile Chemical transmission of nerve impulses

1935 Hans Spemann Frog, newt Organizer effect in embryonic 
development

1934 George Hoyt Whipple, George Richards 
Minot, and William Parry Murphy

Dog Liver therapy for anemia

1932 Sir Charles Scott Sherrington and Edgar 
Douglas Adrian

Cat, dog Function of neurons

(Continued)
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1930 Karl Landsteiner Monkey Discovery of human blood types

1929 Christiaan Eijkman and Sir Frederick 
Gowland Hopkins

Chicken Discovery of antineuritic and growth-
stimulating vitamins

1928 Charles Jules Henri Nicolle Guinea pig, monkey, 
mouse, rat

Pathogenesis of typhus

1924 Willem Einthoven Dog Mechanism of the electrocardiogram

1923 Frederick Grant Banting and John 
James Richard Macleod

Dog, fish, rabbit Discovery of insulin and mechanism of 
diabetes

1922 Archibald Vivian Hill Frog Discovery relating to the production of 
heat in muscle

1920 Schack August Steenberg Krogh Frog Discovery of capillary motor-regulating 
mechanism

1919 Jules Bordet Guinea pig, horse, 
rabbit

Mechanisms of immunity

1913 Charles Robert Richet Dog, rabbit Mechanisms of anaphylaxis

1912 Alexis Carrel Dog Surgical advances in the suture and 
grafting of blood vessels

1910 Albrecht Kossel Bird Knowledge of cell chemistry through work 
on proteins

1908 Ilya Ilyich Mechnikov and Paul Ehrlich Bird, fish, guinea pig Immune reactions and functions of 
phagocytes

1907 Charles Louis Alphonse Laveran Bird Role of protozoa as cause of disease

1906 Camillo Golgi and Santiago Ramón y 
Cajal

Dog, horse Characterization of the central nervous 
system

1905 Robert Koch Cow, sheep Pathogenesis of tuberculosis

1904 Ivan Petrovich Pavlov Dog Physiology of digestion

1902 Ronald Ross Pigeon Understanding of malaria life cycle

1901 Emil Adolf von Behring Guinea pig Development of diphtheria antiserum

Animals behind the Top 25 Prescribed Drugs in the United States (2014)

Rank Drug Drug Usage Species

1 Synthroid Hypothyroidism Dog, mouse, rat

2 Crestor High cholesterol Cat, dog, monkey, mouse, rabbit, rat

3 Nexium Heartburn, acid reflux Dog, mouse, rabbit, rat

4 Ventolin HFA Bronchospasm Dog, rabbit, rat

5 Advair Diskus Asthma, chronic obstructive pulmonary disease 
(COPD)

Dog, guinea pig, hamster, monkey, 
mouse, rabbit, rat

6 Lantus Solostar Diabetes Dog, guinea pig, rabbit, rat

7 Cymbalta Fibromyalgia, major depression, general anxiety 
disorder

Dog, mouse, rabbit, rat

8 Vyvanse Attention deficit hyperactivity disorder (ADHD), 
severe binge eating

Dog, guinea pig, rat

9 Lyrica Fibromyalgia, epilepsy Monkey, mouse, rabbit, rat

10 Spiriva Handihaler COPD Dog, mouse, rabbit, rat

11 Lantus Diabetes Dog, guinea pig, monkey, rat

12 Celebrex Arthritis, ankylosing spondylitis Dog, monkey, mouse, rat

13 Abilify Schizophrenia, bipolar disorder Dog, monkey, rabbit, rat

14 Januvia Diabetes Dog, monkey, rabbit, rat

15 Namenda Dementia Dog, mouse, rat

16 Viagra Erectile dysfunction Dog, mouse, rabbit, rat

(Continued)
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Rank Drug Drug Usage Species

17 Cialis Erectile dysfunction Dog, mouse, rat

18 Zetia High cholesterol Dog, mouse, rat

19 Nasonex Nasal allergies Dog, rabbit, rat

20 Suboxone Opioid addiction Baboon, dog, mouse, rabbit, rat

21 Symbicort Asthma Dog, mouse, rat

22 Bystolic Hypertension Dog, mouse, rat

23 Namenda Dementia Dog, mouse, rat

24 Flovent HFA Asthma Dog, rabbit, rat

25 Oxycontin Severe pain Rabbit, rat

Source: Foundation for Biomedical Research. 2016. Animals behind top drugs. https://fbresearch.org/medical-advances 
/animal-testing-and-research-achievements/animal-research-behind-top-drugs/ (accessed December 6, 2016).
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Disclaimer: The authors have made every attempt to anglicize the titles and references of works 
originating from non-English-speaking countries and regret taking any liberties not intended by 
the original authors. The authors also apologize for any inadvertent omission of specific regulations 
impacting any country, region, commonwealth, state, territory, or other municipality not mentioned 
in this work.

Introduction

The past several decades have witnessed dramatic changes in the regulatory environment involving 
the use of animals in research and education. A cursory review of citations using the keywords “ani-
mal model or animal models” in PubMed (http://www.ncbi.nlm.nih.gov/pubmed) indicates a steady 
increase in manuscripts involving the use of animals (Figure 7.1). As research findings enhanced collec-
tive knowledge and experimental techniques and goals became more sophisticated, scientists demanded 
greater control of experimental variables. Concerns about variability inherent to animal models, such 
as housing environment, disease status, procedure-related pain and distress, nutritional stabilization, 
and sanitation practices, dictated adaptation of recognized standards (Box 7.1). As science continues to 
globalize, reproducibility and comparability provided by the application of accepted standards become 
increasingly important.

The use of animals for research and teaching has consistently polarized public opinion, and govern-
ments have recognized a need for regulations to address the ethical responsibility for acknowledging the 
needs of the animals used for societal purposes (Schwindaman 1999). Regulations therefore provide a 
means of reassuring the public that animal use is limited to situations of strict necessity and conforms to 
their demands for providing species-appropriate daily care, reducing avoidable pain and distress, elimi-
nating unnecessary duplication, and preventing illegal activities, such as animal theft.

Therefore, an animal compliance program is simply an oversight system designed to address two fun-
damental objectives: conformity to established standards as dictated by scientific rigor and assurance of 
humane animal treatment as demanded by the public (Box 7.2).
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107Compliance and Regulatory Programs

Those with management responsibilities for animal care and use programs play an important role 
in ensuring regulatory compliance and in serving as a primary conduit of communication between the 
animal users and regulatory authorities. Thus, it behooves the manager to develop a keen awareness and 
understanding of regulatory oversight and the responsibilities of various institutional and external enti-
ties involved, and a basic understanding of pertinent laws, regulations, principles, guidelines, and poli-
cies at local, state, national, and international levels. This is no small feat; regulatory complexities have 
been compared with Russian matryoshka dolls with seemingly unending layers of intricacy (Bayne and 
Garnett 2008). Knowing where to seek additional information is often the most crucial step. The goal of 
this chapter is to introduce concepts concerning animal program compliance, describe the entities that 
are commonly involved, and provide a brief summary of pertinent sources of guidance.

Typical Compliance Programs

Salient Features

Hierarchy of Guidance

To establish a framework for understanding the components of a compliance program, one must be a 
student of the published work that serves as guidance, including regulations (i.e., codes, rules, decrees, 
laws, orders, and statutes) and guidelines (e.g., guides, principles, manuals, handbooks, or other sets of 
instructions). Figure 7.2 depicts a hierarchy of such information in order of obligation.

• Arguably, an individual’s or society’s ethical principles provide a foundation upon which all 
other sources of guidance are based. Because simply abiding by regulations does not equate to 
being ethical (Pimple 2002), these underlying precepts contribute to what is considered accept-
able behavior and conduct.

• Regulations represent a government’s attempt to express the will of the public they serve. 
Regulatory application may be limited, not only geographically, but also in scope, species, 
intended purpose, and source of financial support; however, adherence to regulatory require-
ments is usually not optional.

BOX 7.1

Standard: A level of quality, achievement, etc., that is considered acceptable or desirable.
Standardization: To change (things) so that they are similar and consistent and agree with 

rules about what is proper and acceptable.

Source: Merriam-Webster, 2016, https://www.merriam-webster.com.

BOX 7.2

Because much of the funding for biomedical research originates from federal sources, scientists 
are accountable to the public and the public’s wishes. (Steneck 2007)

Oversight is part of the social contract between scientists and funding agencies that is implicit with 
the privilege of performing research, working with research subjects, and using public facilities 
and funds. (Haywood and Greene 2008)

https://www.merriam-webster.com
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• Guidelines typically provide additional breadth and detail to the concepts introduced in regu-
lations. Frequently, guidelines are considered recommendations; however, when adopted by 
regulatory bodies, they may become the equivalent of regulations.

• Peer-reviewed publications present a nimble source of guidance based on new knowledge or 
novel interpretation, and frequently yield additional information for specific circumstances. 
Their application is generally not compulsory, although program managers have an obligation 
to remain familiar with current information (ILAR 2011a).

• Industry standards are relatively subjective and not easily defined, but add useful direct experi-
ence and anecdotal evidence, especially in the absence of other guidance.

• Institutional policies afford a valuable means of interpreting and applying guidance to specific 
circumstances. Once established, institutional policies are often supplemented with practices 
outlined in step-by-step procedures (e.g., standard operating procedures [SOPs]).

The relevance of the various forms of guidance can be protean. In fact, determining which must be 
used and which can be used presents a formidable challenge to the program manager. Applicability is 
frequently dictated by location and mission of the institution, species utilized, and funding source for the 
specific project. For example, a U.S.-based pharmaceutical company in Boston using only mice with pri-
vate funds may be required to follow municipal, state, and some but not all federal regulations. Because 
of their wider applicability, this chapter focuses primarily on national regulations and guidelines. This 
should not be interpreted to be a dismissal of other types of guidance when managing a compliance 
program.

Regulations cannot address all experimental circumstances and may be silent on some issues impact-
ing animal welfare in a complex research environment. This reality requires that program managers 
maintain at least a cursory knowledge of the guidance typically applied to other institutions or situa-
tions. For example, many institutions choose to voluntarily apply a given federal agency’s regulations 
program-wide to enhance consistency, for example, the Public Health Service Policy on Humane Care 
and Use of Laboratory Animals (PHS Policy), regardless of the funding source (see description below). 
Similarly, U.S. regulations lack specific recommendations on primary enclosure space for ferrets and 
numerous other species; the descriptions presented in the European standards (CoE 1986) may pro-
vide a useful baseline. While presenting some obstacles, benefits to global harmonization of standards 
include the use of data to support federal applications to multiple countries, collaborative scientific 
efforts, and an increase in international transfer of animal models (e.g., genetically engineered mice), 
which has both transportation and health status implications (ILAR 2004, 2011b, 2012; Guillén 2014; 
see also Chapter 8).

Engineering, Performance, Practice, and Professional Standards

When reviewing regulations and guidelines, one should acknowledge the difference between engineer-
ing, performance, practice, and professional standards (ILAR 2011a), which reflect some of the themes 

Institutional procedures
Institutional policies
Industry standards

Publications

Guidelines

Regulations

Ethical principles

FIGURE 7.2 Hierarchy of guidance used in compliance programs.
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presented in the hierarchy of guidance. Engineering standards are rigid, firmly established, prescribed 
criteria that represent minimally expected values or ranges of values for a given circumstance. Applying 
and assessing compliance with such standards is relatively straightforward because deviation beyond the 
defined units is generally considered unacceptable. Performance standards are goal oriented and defined 
by a specified outcome, regardless of the means of achieving that outcome. A benefit of a performance 
standard is its flexibility; that is, as long as the desired result is clearly defined, the user may determine 
the path to achieve the goal. Note that an important and often overlooked precondition for employ-
ing performance standards is objectively measuring the outcome to ensure intended impact (Klein and 
Bayne 2007).

Historically, regulations have tended to rely heavily on engineering rather than performance stan-
dards, although that trend has shifted in recent years. Regardless, contemporary animal compliance pro-
grams should incorporate both. Engineering standards are used when required or to provide a baseline; 
performance standards may be adopted when engineering standards are unavailable, or when acceptable 
substitutes are identified and, through careful evaluation, prove to be preferable.

Underlying all sources of guidance is the professional judgment of the program manager, veterinarian, 
and other specially trained personnel used to identify and interpret guidance and its application. When 
evaluating the suitability of standards, the utilization of generally accepted “practice” or “industry stan-
dards” and incorporating the experience of competent and qualified scientists and veterinarians becomes 
indispensable, especially in the absence of established specifications.

Self-Regulation and Trust

Society expects its members to acknowledge their responsibility to obey established rules of order. 
Similarly, regulatory agencies presuppose a willingness to comply with established standards. Evidence 
suggests that promoting a culture of compliance by an organization is more effective in determining per-
sonal behavior than the existence of rules and regulations (Brønstad and Berg 2011). Therefore, regulatory 
authorities expect self-regulation by both the institution and individuals within the program (Box 7.3).

In most countries, regulatory authority to use animals in research and education is granted to the 
institution, not the individual scientist. Similarly, penalties for noncompliance are addressed to the insti-
tution, not the individual responsible for the infraction. Thus, to protect the interests of all animal-using 
scientists, institutions are compelled to develop a comprehensive system of institutional oversight based 
on a spirit of self-regulation. In some ways, this is purely practical—no regulatory body could sustain the 
resources required to police all activities. On the other hand, the fact that self-regulatory systems func-
tion effectively illustrates the research community’s acknowledgment of its responsibilities to the public.

Self-regulation can only succeed if all parties deliberately and faithfully engage and respectively 
acknowledge each other’s roles. Therefore, the first obligation to the compliance program is to ensure 
cooperation among those entities involved. For the principal investigator (PI), the nature of modern 
science dictates a comfort with self-regulation. The processes of grant application, presentation, and 
publication based on peer review are inherently self-monitoring (Steneck 2007). However, scientists 
also face a difficult balance pursuing original discovery within regulatory and financial constraints 

BOX 7.3

The scientific research enterprise, like other human activities, is built on a foundation of trust. 
Scientists trust that the results reported by others are valid. Society trusts that the results of 
research reflect an honest attempt by scientists to describe the world accurately and without bias. 
The level of trust that has characterized science and its relationship with society has contributed 
to a period of unparalleled scientific productivity. But this trust will endure only if the scientific 
community devotes itself to exemplifying and transmitting the values associated with ethical sci-
entific conduct. (NAS 1995)
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(Bayne and Garnett 2008). Compliance with animal welfare regulations is particularly challenging if 
those who are regulated simply view compliance programs as another level of bureaucracy, especially if 
the rationale behind the regulations appears capricious or counterproductive (Dress 2007).

This underscores the need to promote not only a culture of compliance, but also adoption of scientifi-
cally based standards. Science-based regulations provide the best means of counteracting concerns over 
regulatory burden, a topic that has absorbed increasing bandwidth in recent years (Decker et al. 2007; 
see also Chapter 10). There is no doubt that regulations have benefitted both animal welfare and research 
data. However, there remains growing concern over the negative impact of excessive regulation. As 
stated by Thulin and colleagues (2014), regulations “will not be rescinded, and, if history tells us any-
thing, these requirements are likely to become even more stringent.”

Although momentum from some initiatives to rectify conflicting regulations and duplicative report-
ing requirements has abated (Klein and Bayne 2007), U.S. federal agencies acknowledge the benefits of 
reducing regulatory burden. For example, the National Institutes of Health’s (NIH) Office of Laboratory 
Animal Welfare (OLAW) maintains memoranda of understanding outlining cooperation between the 
U.S. Department of Agriculture’s (USDA) Animal and Plant Health Inspection Service (APHIS) and 
Food and Drug Administration (FDA) (OLAW 2012), the National Science Foundation (NSF) (OLAW 
2015b), and the Department of Veterans Affairs (VA) (OLAW 2013).

Fortunately, the concepts of performance- and science-based standards are correlative. Performance-
based standards incorporate developing knowledge without depending on preestablished engineer-
ing standards that may not apply to an institution, species, or circumstance (Klein and Bayne 2007). 
Unfortunately, an unintended side effect may be the creation of overly intricate mechanisms of oversight 
extending beyond the intent of regulations (DeHaven 2002). If motivated by absolute risk aversion, insti-
tutions may inadvertently or willingly exaggerate the burden of compliance without fully examining or 
realizing that there may be a lack of benefit to animal welfare, thereby introducing unfortunate oppor-
tunities for alienating those who are regulated (Bayne and Garnett 2008; Haywood and Greene 2008; 
Thulin et al. 2014).

The escalating financial requirements for research should also be considered (CLS 1988). The use of 
resources for unnecessary compliance programs may hinder the ability to identify improvements in ani-
mal care. Reduction in animal use should be directed by increased availability of better alternatives, not 
simply because of fiscal constraints. Science-based performance standards, which focus on outcomes, 
can be an important means of improving research cost-effectiveness (Klein and Bayne 2007).

Institutions must bear these concepts in mind. As long as standards can be seen to directly improve 
animal welfare and research data, regulatory compliance may be viewed as a professional virtue compa-
rable with scientific integrity (DuBois 2004).

Constituents and Their Interaction

Ensuring appropriate oversight of animal care and use involves numerous institutional entities, includ-
ing not only the PI, but also the institutional official (IO), Institutional Animal Care and Use Committee 
(IACUC) or equivalent ethical oversight body (EOB), attending veterinarian (AV), and their respective 
staffs (Box 7.4). Compliance programs also routinely involve analogous oversight of hazardous agent 
use, such as biological and radiation safety officers and committees, chemical hygienists, and occu-
pational health professionals and emergency preparedness personnel. The organizational structure of 

BOX 7.4

There is growing recognition that the care of laboratory animals is an institutional responsibility 
as well as the responsibility of individual investigators. The animal care programs of most large 
institutions are based increasingly on this partnership of responsibility; the recommendations in 
the Guide assume it. (ILAR 1965)
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animal compliance programs implies a system of checks and balances, drawing benefits from the unique 
perspectives and expertise of each component. A crucial characteristic of such arrangements is the effec-
tive interaction among the above-mentioned parties. An awareness of and commitment to synergy and a 
sense of common purpose is paramount (see also Chapter 3).

Role of the Principal Investigator

As previously stated, the primary role of the PI in the regulatory program is to recognize the benefits 
of viewing the compliance program as a partnership and to remain committed to that relationship. The 
responsibility for actual study conduct obligates the PI to both the funding agency or sponsor and the 
public through regulatory agencies via the IACUC or EOB. PIs must also acknowledge animal welfare as 
an ethical and scientific obligation. Given the complexities involved in devising and executing scientific 
experimentation and managing a laboratory, a team approach utilizing the abilities and skills of profes-
sionals with specific expertise is crucial.

Role of the Institutional Official

Accountability for the animal care and use program rests with the IO (ILAR 2011a). The IO is the pri-
mary agent committing the institution to abide by the regulations and enforce institutional policies across 
departmental and divisional boundaries (Potkay and DeHaven 2000; Brown and Shepherd 2014). To 
meet this responsibility, the IO must maintain adequate authority to not only ensure adequate financial 
resources for program needs, but also impart a spirit of cooperation and commitment to humane care and 
use “from the top down.” Given his or her status in the organization, the IO is rarely directly involved in 
day-to-day management decisions, but appropriately depends on the self-monitoring of the PI, the profes-
sional judgment of the AV, and the oversight of the IACUC or EOB. However, the IO cannot completely 
relinquish operational duties. Lowman (2008) describes the critical elements of the IO as (1) an ability to 
understand and predict future programmatic research needs and ensure that the animal care and use pro-
gram is suited to meet those needs, (2) a commitment to and means of assessing both quality and integrity, 
(3) dynamic engagement in planning and resource development, and (4) an emphasis on accountability.

Role of the Institutional Animal Care and Use Committee or Ethical Oversight Body

To the IACUC or EOB belongs the primary task of overseeing animal welfare compliance. Pertinent 
guidance agrees that a “jury of peers” is the best entity to (1) compare the likely beneficial outcomes of 
a study or exercise with the possible induction of unrelieved pain or distress to animal subjects, that is, 
potential “harm versus benefit analysis”; (2) assess the oversight, management, and ultimate use of ani-
mals in the institution; and (3) investigate and resolve alleged instances of noncompliance. The diverse 
roles and responsibilities of this important committee have been the subject of numerous texts, to which 
the reader is referred (Podolsky and Lucas 1999; ARENA and OLAW 2002; Silverman et al. 2014).

A mainstay of IACUC or EOB responsibility is the review of proposed animal use, often summarized 
in documents referred to as animal use protocols. Written protocols provide the committee member-
ship, which usually consists of other scientists, veterinarians, administrators, and community repre-
sentatives, with a detailed description of anticipated animal use. This includes not only animal-related 
procedures, but also the rationale behind the need for the procedures specified, the species and animal 
models selected, the number of animals requested, and an assurance of addressing and incorporating the 
“three Rs” (see description below). Committee endorsement provides the PI with the knowledge that, if 
conducted in accordance with the IACUC- or EOB-approved protocol, all relevant regulatory require-
ments are met or exceptions are adequately justified.

The IACUC or EOB generally assists the institution in ensuring that personnel have or obtain appro-
priate training in the tenets of animal care and use and are proficient in the specific procedures they are 
expected to perform. There are numerous references available to assist the IACUC or EOB in this task 
(ILAR 1991; Kennedy 2002; Pritt et al. 2004; Dobrovolny et al. 2007; Greene et al. 2007; Medina et al. 
2007; Van Zutphen 2007; Rush and Dyson 2014; see also Chapters 5 and 12).
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Inadequate composition and function of the IACUC have been a primary source of citations from reg-
ulatory authorities in the United States (Potkay and DeHaven 2000). The IACUC or EOB must remain 
informed and engaged with the animal care and use program; otherwise, the system of institutional self-
regulation is threatened. Comprehensive programmatic oversight demands the IACUC’s or EOB’s inti-
mate familiarity with the daily operation of the animal care and use facilities. Protocol review must be 
thorough, requiring adequate detail to fully grasp the potential experiences of animals assigned to each 
experimental group. That said, while expected project outcomes should be readily apparent, the IACUC 
or EOB should avoid limiting animal-based projects or experiments to those that appear to directly lead 
to immediate therapeutic findings. The utility of study results may only be apparent in a distant future 
when viewed as one component of an overwhelmingly complex process (CLS 1988).

Role of the Attending Veterinarian

While international regulations vary in the emphasis assigned to the institutional entities involved in 
overseeing veterinary care, that is, the veterinary staff, research personnel, or ethics committees, provi-
sion of adequate veterinary care is universally recognized as a fundamental element of an appropriately 
operating animal care and use program (Zurlo et al. 2009). Veterinary professional organizations world-
wide acknowledge the importance of the attending or designated veterinarian (Poirier et al. 2015).

The American College of Laboratory Animal Medicine (ACLAM) maintains a position statement on 
adequate veterinary care (ACLAM 1996). This document outlines key components of a veterinary care 
program, including a reliance on the professional judgment of specially trained and qualified veterinar-
ians directing programs of disease detection, surveillance, prevention, diagnosis, treatment, and resolu-
tion; handling, restraint, the use of anesthetics and analgesics, and euthanasia; surgical and perioperative 
care; and overall animal well-being. In its position statement, AAALAC International summarizes the 
Guide for the Care and Use of Laboratory Animals (the Guide) (ILAR 2011a; see description below) and 
its interpretation of the AV’s role, which also includes assurance of emergency medical care, integration 
within the IACUC and protocol review, and involvement in ensuring personnel training and proficiency 
(AAALAC 2016a). These and many other references confirm the need for the AV to retain adequate 
authority to oversee or assist in the oversight of the overall animal care and use program and to intervene 
on the behalf of animals in pain or distress beyond that explicitly approved by the IACUC or EOB.

Role of the Program Manager

In many institutions, the role of the manager closely approximates that of the AV, and in fact, these 
functions may be provided by the same person. Depending on the size and complexity of the program, 
however, the attention of the AV may be directed primarily to veterinary medical issues and IACUC or 
EOB responsibilities. This may require the manager to direct centrally provided animal facility and sup-
port services, and thereby implement much of the program of daily animal care approved by the IACUC 
or EOB. As content experts, program managers may also be asked to serve as voting or ex officio mem-
bers of the IACUC or EOB, or at least provide input on committee decisions. Regardless, because all 
activities that potentially impact animal health and well-being are the purview of the IACUC or EOB, a 
healthy working relationship is advisable.

Team Approach to Compliance

Once again, the importance of collegial cooperation among these constituents cannot be overstated. This 
is best accomplished by generating a “culture of care,” which requires an IO with appropriate authority 
and involvement, an IACUC or EOB willing and able to share its expectations with the research staff, 
veterinary staff that are seen as colleagues in the research team, and training programs to ensure uni-
form distribution of these tenets (Klein and Bayne 2007).

Inherent to any compliance system is a potential for conflicts of interest (COIs). COIs, both real and 
perceived, must be avoided, as their prevalence will erode public confidence in the oversight structure. 
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That said, some COIs are inevitable. In fact, the composition of the IACUC or EOB presents several 
opportunities for COIs, for example, instances when the IO, AV, or IACUC chair also serves as a PI. Of 
course, even the AV’s or scientists’ service on the IACUC or EOB presents a potential for COIs. Notably 
in academia, PIs are expected to publish their own results while training and collaborating with other 
scientists, and even reviewing potential competitors’ manuscripts and grant applications (Steneck 2007). 
Although complete elimination is not feasible (Thulin et al. 2014), continued efforts to address avoid-
able COIs will bolster public perception of a compliance program. Examples may include preventing IO 
service on the IACUC or EOB, or the AV serving as IACUC or EOB chair, and IACUC or EOB member 
recusal from voting on protocols for which he or she has a vested interest.

Van Sluyters (2008) illustrates productive cooperation between the IO, AV, and IACUC or EOB via 
a “three-legged stool”; effective programs depend on the appropriate level of pressure and control by 
each. Figure 7.3 offers an alternate representation that includes the program manager and PI, depicting 
the realms of concern and influence as spheres. Each entity involved in the compliance program has its 
own area of expertise and bias; successful programs encourage these constituents toward central, com-
mon objectives.

Program Assessment

The increasing quantity and complexity of regulations present opportunities for noncompliance, espe-
cially if the rationale behind certain standards has less obvious direct benefits to science and/or animal 
well-being. Performing studies or procedures not explicitly described and approved by the IACUC or EOB 
is considered among the most serious of noncompliance. Mechanisms to detect and prevent noncompli-
ance are paramount, but institutions should also regularly assess the interaction between the PI, IACUC 
or EOB, and other constituents to minimize weaknesses that may lead to noncompliance. Conditions of 
grant awards include regulatory compliance, which provides another motivation for ongoing evaluation. 
Considerable financial ramifications are associated with an animal study out of compliance with IACUC 
or EOB approval, institutional policies, or regulations (Bayne and Garnett 2008). Advisory committees 
and confidential surveys can gauge the success of IACUC or EOB oversight (Ingham et al. 2000; Van 
Sluyters 2008). Using methods frequently adopted by continuous quality improvement programs may 
also engender PI responsiveness by improving both animal health and data integrity, as well as protocol 
approval time (Nolte et al. 2008). There are several other means of assessing these working relationships, 
which include regulatory oversight, voluntary accreditation, and periodic evaluation by the IACUC or 
EOB, which are often mandated by regulations.

Postapproval monitoring (PAM) is a term gaining in popularity for addressing the institutional 
responsibility in ongoing oversight of study conduct. The duties of the IACUC or EOB include such 
monitoring, accomplished via periodic rereview of protocols, routine inspections of facilities and labo-
ratories, and regular evaluation of the overall animal care and use program. Special attention to other 
IACUC or EOB practices, such as de novo protocol and amendment review, investigating reports of 
animal welfare concerns, and assessing unexpected outcomes, augments the IACUC’s or EOB’s respon-
sibility for continuing review (Plante and James 2008). Results of evaluations by regulatory authorities, 
and especially by accrediting agencies (e.g., AAALAC International), provide exceptional assessment of 
program effectiveness. Given their expertise and intimate familiarity with ongoing studies, the program 
manager and other support personnel provide important sources of “real-time” information.

To enhance or at least verify self-regulation, many programs have found it necessary or advisable to 
institute additional study conduct monitoring via specially trained personnel (Banks and Norton 2008; 
Collins 2008; Dale 2008; Lowman 2008). As discussed in Chapters 10 and 15, PAM can take myriad 
shapes and complexities and should be tailored to the needs of the program. Regardless of mechanisms 
used, ensuring open lines of communication and conducting PAM in a collegial manner is crucial to its 
success. Any PAM must avoid the appearance as a regulatory mandate without value to each individual 
researcher and demonstrate to all parties involved, including researchers, the IACUC or EOB, veteri-
narians, program managers, and institutional safety officers, that the PAM is a resource profiting both 
animal welfare and scientific results (Dale 2008).
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Special Considerations for the Program Manager

As previously stated, the program manager must balance several obligations. As depicted in Figure 7.3, 
the primary duty is daily operational management, often with a focus on cost-effectiveness. Program 
managers are also frequently recruited for routine animal health and research-related technical proce-
dures. Furthermore, the program manager is charged with implementing many guidance-driven issues, 
such as environmental enrichment, social housing, monitoring for pain and distress, and reducing 
husbandry-related research variables, all of which require careful and continuous attention. This fre-
quently involves compiling uniform practices outlined in SOPs, which encourage consistency. Review 
of SOPs by the IACUC or EOB also provides an efficient and effective means of augmenting committee 
oversight (DeHaven 2002).

By definition, research involves change. PIs request new species, models, and methods. Novel situa-
tions present opportunities for achieving outcomes. Similarly, innovation in addressing pain and distress 
evolves. Advances in techniques and methods emerge regularly; programs and program managers must 
remain current and apply enhancements whenever feasible. The judicious manager benefits from inter-
acting with colleagues and sharing “what works and why.” Fortunately, there are a number of compara-
tive medicine and laboratory animal science societies, associations, and other means of communicating 
with colleagues with which the manager should be familiar. These associations frequently host continu-
ing education events and often play integral roles in developing guidelines, especially in regions without 
national regulations. AAALAC International maintains a list of advocacy and educational groups that 
provides a useful resource (AAALAC 2016b).

A hallmark of adopting performance and professional standards is the ability to apply contemporary 
and creative processes. Utilization of “best practices” is sensible. However, it is important to recognize 
that simply because something can be done does not mean that it should be done. Scientists are appro-
priately wary of change; change must be driven by superior results and approached cautiously so as to 
not introduce unexpected variables to ongoing studies. In compliance programs, imprudent fixation on 
best practices can also lead to regulatory “creep,” or imposing a practice that was deemed necessary for 
one circumstance or facility onto another. Alternative practices should not simply do no harm or have 
negligible impact, they should demonstrably improve animal welfare.

The spirit of self-regulation also requires a willingness to self-report. Regulatory authorities expect 
some level of reporting noncompliance and adverse events to the IACUC or EOB and the governmental 
agency. In the United States, failure to self-report is among the more common sources of noncompli-
ance cited by regulatory agencies (Potkay and DeHaven 2000). A reluctance to report deviations or 
departures may result in a loss of credibility or worse—allowing conditions to negatively influence 
animal well-being or research results. Conversely, a reputation for excessive reporting beyond regulatory 
requirements risks loss of the collegial relationship required of compliance programs and the flexibility 
intrinsic to application of performance standards. When serving as an extension of the IACUC or EOB, 
this requires careful attention to diplomacy for the program manager. Ensuring that all parties maintain 
attention to their ultimate shared goals, research standardization and regulatory compliance, will assist 
in determining the most effective response plan to reported concerns.

Introduction to Regulations Impacting Animal-Based Research

The reader is strongly encouraged to review the source documents for regulations and guidelines that 
impact their program directly. No summary can provide adequate detail for the issues raised and dis-
cussed in these documents. The intent of the remainder of the chapter is to provide an introduction to the 
extant regulations and guidance documents around the globe and to identify common themes. Note that 
AAALAC International maintains an impressive collection of links to U.S. and international regulations 
(AAALAC 2016c).

An introduction to regulations and guiding documents would be remiss without a brief discussion 
of Russell and Burch’s The Principles of Humane Experimental Technique (1959). This historic text is 
divided into two parts. Part One, “The Scope of Humane Technique,” describes concepts of inhumanity 
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and underlying themes of removing inhumanity. Part Two, “The Progress of Humane Technique,” 
introduced what has since been referred to as the three Rs: replacement, reduction, and refinement. 
Numerous works describe and expand the basic maxims of the three Rs (e.g., Goldberg et al. 1996; 
Guhad 2005; Brønstad and Berg 2011; Curzer et al. 2013) and encourage their implementation in theory 
(e.g., Van Zutphen and Van Der Valk 2001; Lloyd et al. 2008; Jennings et al. 2010; Slob 2014; Bratcher 
and Reinhard 2015; Kramer and Font 2015) and in practice (e.g., Agelan et al. 2008; Kim et al. 2012; 
Michelini et al. 2014; Lilley et al. 2015), or reflect their influence (e.g., Carlsson et al. 2004; Fenwick et 
al. 2009; Bayne 2011; Törnqvist et al. 2014).

Briefly, replacement strategies include the use of tissue culture, microorganisms, and other models in 
lieu of live animals. Appropriate study design and analysis of sources of variation address the reduction 
in numbers of animals required. Refinement may take many paths, but involves consideration of alterna-
tives to potentially painful procedures and other means of minimizing animal distress. The vast majority 
of, if not all, regulations, guidelines, and other references to animal use in research, teaching, and testing 
refer to the fundamental concepts of the three Rs, which have been cited as the primary benchmarks for 
ensuring public confidence and avoiding unnecessary pain and distress (ILAR 2008).

The Americas

There are several excellent summaries of U.S. regulations, including within the previous edition of this 
text (Gonder 2002; see also Anderson 2002; Cardon et al. 2012; Silk et al. 2013; Bradfield et al. 2014).

United States

Animal Welfare Act and Regulations

Stimulated at least in part by animal welfare organizations and the general public, as exemplified by 
a cover article in Life magazine investigating pet theft (Wayman 1966), the U.S. Congress passed the 
Laboratory Animal Welfare Act in 1966 (Public Law [P.L.] 89-544), which primarily addressed the 
acquisition, transportation, and basic veterinary care of dogs, cats, nonhuman primates, rabbits, guinea 
pigs, and hamsters (LAWA 1966; Loew and Cohen 2002).

The original 1966 act focused on the acquisition of dogs and cats, and required licensing of dealers 
and registration by research facilities using these two species. The use of these companion species in 
research remains a polarizing topic (ILAR 2009). The title of the act was pared to the Animal Welfare 
Act in 1970 (P.L. 91-579), reflecting an expansion of the species covered; this amendment also broadened 
the entities requiring licensure and introduced a requirement for annual reports summarizing activities 
and providing assurance of appropriate animal care (AWA 1970). Amendments to the act in 1976 (P.L. 
94-279) broadened the oversight of animal transportation (AWA 1976). In 1985, the Food Security Act 
(P.L. 99-198) included the Improved Standards for Laboratory Animals Act, which compelled oversight 
of animal research by an IACUC (AWA 1985). The Pet Theft Act of 1990 (AWA 1990) reemphasized the 
public concerns over the acquisition of companion animals in research (Anderson 2002). Amendments 
in 2002 and 2008 clarified the species included in the definition of animal and fines levied for violations 
(AWA 2002, 2008; Cardon et al. 2012).

The text of the Animal Welfare Act is primarily a collection of principles that empower the USDA 
to develop and implement specific standards within regulations. The regulations are established and 
enforced by the Animal Care section of APHIS; public input is sought by circulating proposed revisions 
to standards, followed by accepted revisions, in the Federal Register. The regulations are subsequently 
published in the Code of Federal Regulations (CFR), Title 9, “Animals and Animal Product,” Subchapter 
A, “Animal Welfare,” Parts 1–4. For use in biomedical research and education, the species covered by 
the USDA regulations are homeothermic vertebrates excepting traditional farm animals used for produc-
tion research and rats of the genus Rattus, mice of the genus Mus, and birds bred specifically for research. 
Other bird species are covered; however, standards for their use have not been established (USDA 2015a).

The Animal Welfare Regulations are published along with the act in a document internally referred to 
as the “Animal Care Blue Book” (USDA 2015b). The regulations are divided into four parts: (1) definition 
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of terms, (2) regulations, (3) standards, and (4) rules of practice governing proceedings under the Animal 
Welfare Act. Part 2 contains 9 subparts. Subpart C pertains specifically to research facilities; other sub-
parts that impact or mention research facilities include (E) identification of animals, (F) stolen animals, 
(G) records, (H) compliance with standards and holding period, and (I) miscellaneous. Part 3 outlines 
“specifications for the humane handling, care, treatment, and transportation” in six subparts for (A) dogs 
and cats, (B) guinea pigs and hamsters, (C) rabbits, (D) nonhuman primates, (E) marine mammals, and 
(F) other warm-blooded species.

The regulations contain specific requirements for facility registration; IACUC membership and opera-
tion, including review of proposed animal use and semiannual program assessment and facility inspec-
tions; investigating animal-related concerns; personnel training and qualifications; the role of the AV and 
adequate veterinary care; recordkeeping; and annual reports. Emphasis includes avoiding unnecessary 
pain, distress, and duplicative experiments; considering alternatives to procedures likely to cause pain 
or distress; and special consideration for multiple major survival surgical procedures. The USDA regula-
tions also oblige institutions to develop means by which animal welfare concerns may be reported and 
investigated, with stipulations for anonymity and freedom from repercussion, also known as “whistle-
blower” protection.

Inspectors for the USDA, termed either veterinary medical officers (VMOs) or animal care inspectors 
(ACIs), are charged with conducting annual inspections of licensees and registrants (USDA 2015a). In 
2013, the USDA released the Animal Welfare Inspection Guide (AWIG) (USDA 2013), which replaced 
the earlier Research Facility Inspection Guide and the Consolidated Inspection Guide (Bennett et al. 
2014). The purpose of the 424-page AWIG “is to provide an aid for APHIS Animal Care personnel when 
inspecting USDA licensed and registered facilities.” Information specifically related to the inspection 
of research facilities is included in the first seven of the eight chapters of the AWIG. Chapter 9 contains 
20 Animal Care policies, also published separately as the Animal Care Policy Manual (USDA 2015c), 
which incorporated the former 2011 Animal Care Resource Guide. These documents, along with “fact 
sheets” covering topics such as a summary of the act, methods of conducting compliance inspections, 
and appealing inspection findings, may be found at the USDA APHIS Animal Welfare website (USDA 
2015d). Note that none of these texts are considered regulations, but are intended to “improve the quality 
and uniformity of inspections, documentation, and enforcement of the Animal Care Program.”

Violations identified during USDA inspections are outlined as noncompliant items in publicly avail-
able inspection reports; severe or ongoing violations may result in fines to the institution. Several authors 
outline effective means of managing the USDA inspection process (e.g., Ingham et al. 2004; Cardon et al. 
2012). All emphasize the importance of ensuring that institutional representatives are intimately familiar 
with not only the regulations, but also the additional guidance available and used by VMOs and ACIs 
when conducting inspections.

Public Health Service Policy

For decades, participation in the NIH intra- or extramural research program required recipients to follow 
the recommendations of the Guide (ILAR 2011a; see description below) and maintain either accredita-
tion by AAALAC International or a system of internal oversight by an institutional committee (ILAR 
1978). In 1985, the Health Research Extension Act (P.L. 99-158) authorized the secretary of Health and 
Human Services to work with the director of the NIH and develop guidelines for the appropriate use of 
animals in biomedical research (HREA 1985). Incorporating and supplementing the U.S. Government 
Principles for the Utilization and Care of Vertebrate Animals Used in Testing, Research, and Training 
(IRAC Principles) (IRAC 1985), the subsequent PHS Policy (OLAW 2002) was published in 1986 and 
revised in 2002 and 2015 (NIH 2015) (Box 7.5).

The PHS Policy applies to any use of live vertebrate animals conducted or supported by PHS agencies, 
including the NIH, FDA, Centers for Disease Control and Prevention (CDC), and Health Resources and 
Services Administration (HRSA). Through a memorandum of understanding, institutions supported by 
the NSF must also employ PHS Policy (OLAW 2015b). Implementation of the policy requires negotiation 
of an “animal welfare assurance” between OLAW and an institution wishing to conduct PHS-supported 
activities. The assurance details the institutional animal care and use program and methods used to com-
ply with the PHS Policy. Features such as organizational structure, personnel training and qualifications, 
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BOX 7.5 U.S. GOVERNMENT PRINCIPLES FOR THE UTILIZATION AND CARE 
OF VERTEBRATE ANIMALS USED IN TESTING, RESEARCH, AND TRAINING

The development of knowledge necessary for the improvement of the health and well-being of 
humans as well as other animals requires in vivo experimentation with a wide variety of animal 
species. Whenever U.S. Government agencies develop requirements for testing, research, or train-
ing procedures involving the use of vertebrate animals, the following principles shall be consid-
ered; and whenever these agencies actually perform or sponsor such procedures, the responsible 
Institutional Official shall ensure that these principles are adhered to:

 I. The transportation, care, and use of animals should be in accordance with the Animal 
Welfare Act (7 U.S.C. 2131 et seq.) and other applicable Federal laws, guidelines, and 
policies.*

 II. Procedures involving animals should be designed and performed with due consideration 
of their relevance to human or animal health, the advancement of knowledge, or the good 
of society.

 III. The animals selected for a procedure should be of an appropriate species and quality and 
the minimum number required to obtain valid results. Methods such as mathematical 
models, computer simulation, and in vitro biological systems should be considered.

 IV. Proper use of animals, including the avoidance or minimization of discomfort, distress, 
and pain when consistent with sound scientific practices, is imperative. Unless the con-
trary is established, investigators should consider that procedures that cause pain or dis-
tress in human beings may cause pain or distress in other animals.

 V. Procedures with animals that may cause more than momentary or slight pain or dis-
tress should be performed with appropriate sedation, analgesia, or anesthesia. Surgical or 
other painful procedures should not be performed on unanesthetized animals paralyzed 
by chemical agents.

 VI. Animals that would otherwise suffer severe or chronic pain or distress that cannot be 
relieved should be painlessly killed at the end of the procedure or, if appropriate, during 
the procedure.

 VII. The living conditions of animals should be appropriate for their species and contribute 
to their health and comfort. Normally, the housing, feeding, and care of all animals used 
for biomedical purposes must be directed by a veterinarian or other scientist trained and 
experienced in the proper care, handling, and use of the species being maintained or 
studied. In any case, veterinary care shall be provided as indicated.

 VIII. Investigators and other personnel shall be appropriately qualified and experienced for 
conducting procedures on living animals. Adequate arrangements shall be made for their 
in-service training, including the proper and humane care and use of laboratory animals.

 IX. Where exceptions are required in relation to the provisions of these Principles, the deci-
sions should not rest with the investigators directly concerned but should be made, with 
due regard to Principle II, by an appropriate review group such as an institutional animal 
care and use committee. Such exceptions should not be made solely for the purposes of 
teaching or demonstration.†

* For guidance throughout these principles, the reader is referred to the Guide for the Care and Use of Laboratory 
Animals, prepared by the Institute of Laboratory Animal Resources, National Academy of Sciences.

† Published in the Federal Register, May 20, 1985, vol. 50, no. 97, by the Office of Science and Technology Policy 
(FR Doc. 85-12059).

 Source: Interagency Research Animal Committee, Federal Register, 50, 97, 1985. https://grants.nih.gov/grants 
/olaw/references/phspol.htm.

www.ebook3000.com

https://grants.nih.gov
https://grants.nih.gov
http://www.ebook3000.org


119Compliance and Regulatory Programs

and occupational health and safety for personnel are included in the description. While not requiring 
accreditation by AAALAC International, OLAW categorizes institutions based on accreditation status. 
Special mechanisms are also in place to ensure compliance with PHS Policy at institutions with no ani-
mal care and use program and foreign institutions receiving PHS funding.

In addition to the IRAC Principles, the PHS Policy requires compliance with the Animal Welfare Act 
and other federal regulations, as applicable; the Guide (ILAR 2011a); and the AVMA Guidelines for the 
Euthanasia of Animals (AVMA 2013). OLAW requires that non-U.S. institutions receiving PHS sup-
port pledge compliance with the Council for International Organizations of Medical Sciences (CIOMS) 
and International Council for Laboratory Animal Science (ICLAS) International Guiding Principles for 
Biomedical Research Involving Animals (CIOMS and ICLAS 2012; see description below).

The PHS Policy outlines the membership requirements and major functions of the IACUC, includ-
ing semiannual facility inspections, programmatic reviews, and reports to the IO; approval of PHS-
conducted or -supported research projects; and review of animal-related concerns; and otherwise advises 
the IO. Assured institutions are required to submit an annual report, notify OLAW of protocol suspen-
sions and instances of noncompliance with the policy or Guide, and periodically renegotiate the assur-
ance. Through OLAW, PHS performs site visits to assured institutions both “for cause” and on a random 
basis (Potkay and DeHaven 2000). Federal funding may not be used to support noncompliant activities; 
failure to abide by PHS Policy is considered a breach of contract. Thus, the impact of noncompliance 
may range from a single project to the entire institution’s ability to use or receive PHS awards.

The OLAW website contains links to these references, as well as a considerable amount of guidance, 
including, at the time of writing, 36 NIH Guide Notices and 13 “Dear Colleague” letters, 84 frequently 
asked questions (FAQs), 20 articles penned by OLAW staff, 65 published commentaries on protocol 
review, and 3 letters to editors. Educational resources include archives of 34 webinars and podcasts, a 
tutorial on the PHS Policy, training videos, and other resources (OLAW 2015a).

Other Regulations

There are numerous other regulations impacting the use of animals in research and/or employees work-
ing in vivaria in the United States. For example, the Food, Drug, and Cosmetic Act, originally legislated 
in 1938 with significant amendments in 1962 and 1976, regulates the development of drugs, biological 
products, and medical devices for use in humans and animals (FDA 2015a). This act requires that the 
FDA ensures that research supporting, or intending to support, applications for such products will be 
conducted in accordance with the good laboratory practice (GLP) standards (21 CFR, Part 58; Anderson 
2002; Gonder 2002; FDA 2015c). The FDA also includes provisions termed “the Animal Rule,” for 
limited market approval of drugs completing animal trials but for which human clinical trials are not 
ethical or feasible (FDA 2015b). Similarly, research supporting, or intending to support, applications 
to the Environmental Protection Agency (EPA) for new pesticides must also abide by GLP standards 
(Anderson 2002).

Other regulations affecting the use of animals in research include the Occupational Safety and Health 
Act, designed to protect the health of personnel; the Controlled Substances Act, regulating the use of 
opioids and other substances overseen by the Drug Enforcement Administration; the Atomic Energy Act, 
controlling the use of radioactive materials; the Radiation Control for Health and Safety Act, regulating 
the use of medical devices emitting radiation; and the Endangered Species Act, monitoring the use of 
threatened species (Anderson 2002; Gonder 2002).

As previously mentioned, there are agreements between OLAW and the USDA, FDA, NSF, and VA 
(OLAW 2012, 2013, 2015b) for sharing compliance reports and other information. Note that in addition to 
distribution within federal agencies, most compliance reports become available to the general public through 
the Freedom of Information Act (FOIA) (Potkay and DeHaven 2000).

Numerous states and other municipalities also have laws impacting the use of animals in research, 
including the use of animals in education, acquisition from humane shelters, and direct oversight, includ-
ing inspection by local authorities. Many laws also have been promulgated to protect animal-using 
enterprises. The National Association for Biomedical Research website maintains a list of such statutes 
(NABR 2016).
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The Guide

First published in 1963 as the Guide for Laboratory Animal Facilities and Care by the U.S. Public Health 
Service (Animal Care Panel 1963) and now in its eighth edition, the Guide (ILAR 2011a) has become 
an internationally recognized resource for assisting “institutions in caring for and using animals in ways 
judged to be scientifically, technically, and humanely appropriate,” with recommendations “based on 
scientific principles and on expert opinion and experience with methods and practices that have proved 
to be consistent with high quality care.” From its inception, the authors of the Guide acknowledged the 
“scientific community’s ethical commitment to provide the best possible care for animals used in the 
service of [hu]man[s] and animals” and highlighted the need for professionally qualified leadership, 
trained and experienced animal care personnel, and efforts to enhance animal health and well-being 
through appropriate facility construction and operation (Animal Care Panel 1963). Subsequent prefaces 
confirmed the widespread acceptance of the Guide by the scientific community and an ongoing commit-
ment to the adoption of high standards. The 1968 Guide stated that it intended to extend recently adopted 
federal legislation by “defining humane care in professional terms and describing the facilities that pro-
vide humane care” (ILAR 1968). All editions reconfirm the notion of the shared responsibility between 
individual scientists and the institution, as well as the concept that nothing should interfere with the con-
duct of appropriately designed experiments. The latest edition states, “The Guide is created by scientists 
and veterinarians for scientists and veterinarians to uphold the scientific rigor and integrity of biomedical 
research with laboratory animals as expected by their colleagues and society at large” (ILAR 2011a).

As described previously, PHS Policy requires compliance not only with the IRAC Principles, Animal 
Welfare Act and Regulations, and other federal regulations, but also with the Guide (NIH 2015). The 
Guide is also considered a reference by USDA inspectors (USDA 2013), and is one of the three pri-
mary standards used by AAALAC International in evaluating animal care and use programs (AAALAC 
2016d). Furthermore, numerous other countries, research sponsors and funding sources, scientific societies, 
and journal editorial boards require adherence to the recommendations of this text.

The eighth edition of the Guide contains five chapters and four appendices. Chapter 1, “Key Concepts,” 
defines laboratory animal as “any vertebrate animal (i.e., traditional laboratory animals, agricultural 
animals, wildlife, and aquatic species) produced for or used in research, testing, or teaching.” While the 
authors state that the Guide does not specifically address the use of invertebrates, wildlife used in field 
studies, or agricultural research or teaching, it “establishes general principles and ethical considerations 
that are also applicable to these species and situations.” This section reconfirms the three Rs and incor-
porates not only personnel but “policies, procedures, standards, organizational structure, staffing, facili-
ties, and practices put into place” into the institutional animal care and use program.

Chapter 2, “Animal Care and Use Program,” outlines the roles and responsibilities of the IO, AV, and 
IACUC or EOB. It emphasizes the importance of personnel training and education, occupational health 
and safety, means of investigating and reporting concerns regarding animal welfare, and institutional 
preparedness for natural disasters and other emergencies.

Recommendations regarding the maintenance of animal housing environments and husbandry prac-
tices, such as environmental enrichment, illumination, noise and vibration, and population management, 
are separated into terrestrial and aquatic animal sections in Chapter 3, “Environment, Housing, and 
Management.” While this section provides some recommended engineering standards that institutions 
may find useful, the Guide repeatedly endorses performance standards, especially for such consider-
ations as available space within the primary enclosure.

Chapter 4, “Veterinary Care,” expands on the bulk of the 1963 and subsequent editions of the Guide 
and provides a detailed review of concepts inherent to both individual animal and colony health. The 
subject matter includes animal procurement and transportation; preventive medicine practices, such as 
quarantine, acclimation, and health surveillance; and clinical care, including routine and emergency 
care. The largest section of the chapter is devoted to surgery, outlining recommendations from surgeon 
training and presurgical planning to postoperative care. This chapter also describes approaches to man-
aging pain and distress via anesthesia, analgesia, and euthanasia.

Recommendations for the construction and maintenance of animal facilities provided the greater part 
of earlier Guide editions and are now included as the final chapter, “Physical Plant.” The eighth edition 
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expands discussions on special housing facilities, such as barriers, aquatics, and hazard containment, and 
special procedural areas for surgery, behavioral observation, imaging, and irradiation.

The Ag Guide

The Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (the 
Ag Guide) was first published by the Federation of Animal Science Societies (FASS) in 1988 and 
revised in 1999. In the latest edition (FASS 2010), the title was changed to Guide for the Care and Use 
of Agricultural Animals in Research and Teaching to reflect a broader application of its recommenda-
tions, stating, “Farm animals have certain needs and requirements and these needs and requirements 
do not necessarily change because of the objectives of the research or teaching activity.” The Ag Guide 
endorses the IRAC Principles (1985). The Ag Guide is used as a reference for USDA inspectors (USDA 
2013) and is one of the three primary standards used by AAALAC International in its accreditation 
program (AAALAC 2016d).

The first five chapters of the Ag Guide outline key features of institutional animal care and use pro-
grams. Chapter 1, “Institutional Policies,” describes the roles and responsibilities of the IACUC, and 
highlights the importance of developing written operating procedures, ensuring biosecurity, and pro-
viding attention to personnel qualifications and occupational health. Chapter 2, “Agricultural Animal 
Health Care,” considers veterinary health issues, such as medical care, surgery, restraint, and euthanasia; 
monitoring for zoonotic diseases and drug residues; and special considerations for genetically modified 
and cloned animals. Chapters 3 and 4, “Husbandry, Housing, and Biosecurity” and “Environmental 
Enrichment,” respectively, discuss standard practices and environmental management, emphasize bio-
logical security and containment, and delineate species-specific recommendations. Chapter 5, “Animal 
Handling and Transport,” provides background information and practical guidance for transporting, 
moving, and restraining animals to minimize the potential for animal and personnel distress and injury. 
The remaining six chapters expand the concepts outlined in Chapters 3 through 5 for beef cattle, dairy 
cattle, horses, poultry, sheep and goats, and swine.

Canada

The Guiding Principles on the Care of Experimental Animals was first published in 1961 by the Canadian 
Federation of Biological Societies (Griffin and Baar 2014). In 1968, the Canadian Council on Animal 
Care (CCAC) was established with the primary responsibility to create, maintain, and oversee the imple-
mentation of high ethical and quality assurance standards for the care and use of experimental animals 
throughout Canada. The CCAC is a nonprofit, national, peer review organization funded primarily by 
the Canadian Institutes of Health Research (CIHR) and the Natural Sciences and Engineering Research 
Council (NSERC), and through participating institutions (CCAC 2016a).

Species under the scope of CCAC oversight include all nonhuman vertebrates and cephalopods. The 
CCAC establishes recommended practices by its standards program. Policy statements provide basic 
requirements for animal care and use (CCAC 2016b). The Guide to the Care and Use of Experimental 
Animals (Guide) outlines more specific standards and species-specific recommendations (CCAC 1993). 
Guidelines address specific aspects of program oversight, such as humane endpoints, antibody produc-
tion, euthanasia, animal procurement, protocol review, personnel training, and use of wildlife, fish, and 
transgenic, farm, and marine mammals (CCAC 2016c).

A CCAC Certificate of Good Animal Practice (GAP) is earned by institutions that participate in the 
Assessment and Certification Program (CCAC 2016b,c,d). Using the policy statements, guidelines, and 
the Guide, the Assessment and Certification Committee awards certificates based on reviews conducted 
by an assessment panel every 3 years.

All Canadian provinces have adopted some legislation regarding the use of animals in research and 
teaching. For example, in Ontario, animal use is governed by the Animals for Research Act (Griffin and 
Baar 2014). Although participation in the CCAC certification program is intended to be voluntary, most 
provinces reference CCAC standards, and several require it. Furthermore, certain sponsors require an 
institutional certificate as a condition of funding.
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Establishing an institutional Animal Care Committee (ACC) is a prerequisite for CCAC eligibility. 
The ACC is expected to oversee all aspects of animal care and use, including protocol review and 
approval. ACCs are expected to meet at least twice annually, conduct facility inspections at least annu-
ally, and otherwise ensure institutional compliance with veterinary, personnel training, occupational 
health and safety, and facility maintenance standards.

Latin America

Latin America is an enormous and heterogeneous area with the Spanish language as the main common 
denominator, except for Brazil, where Portuguese is spoken. Only three countries in Latin America have 
developed specific laws protecting animals used for research: Brazil, Mexico, and Uruguay. In others, 
for example, Peru, Venezuela, and Costa Rica, general animal welfare laws contain brief references to 
research animals. Other countries have no such regulations; the level of care and use in research is left 
exclusively to institutional and personal commitment.

The Brazilian regulation is known commonly as the “Arouca law” and was issued in 2008 (Brazil 
2008). This law mandates the creation of the National Council to Control Animal Experimentation 
(CONCEA), composed of representatives from several prestigious public institutions and charged 
with establishing a framework for overseeing animal care and use. In Mexico, the specific regulation 
is the Mexican Official Norm for the Production, Care, and Use of Laboratory Animals (NOM-062-
ZOO-1999) (Mexico 1999). The law in Uruguay is entitled Use of Animals in Experiments, Teaching 
and Research Activities Law (No. 18.611) (Uruguay 2009). Similar to Brazil, a National Commission 
for Animal Experimentation (CNEA) is established to control the use of research animals. These three 
pieces of legislation mandate a prospective evaluation of all research proposals to be performed by an 
institutional ethical oversight committee.

In these and other countries lacking specific research animal welfare regulations, professional national 
and supranational associations and societies play a vital role in developing standards, training person-
nel, and promoting new legislation. Examples include the Federation of South American Societies for 
Laboratory Animal Science (FESSACAL) (http://www.fessacal.com/) and the Federation of Hispanic 
Societies and Associations for Laboratory Animal Science of North America, Central America and 
Caribbean (FESAHANCCCAL) (http://www.fesahancccal.com/).

Europe

European Union

To understand the regulatory framework in Europe, it is essential to understand the organization of the 
European countries. The Council of Europe (CoE) comprises most of the European countries (47 of cur-
rently 51 independent states), including the 28 European Union (EU) member states. The CoE is inter-
governmental, has no legislative powers, seeks voluntary cooperation, and may issue recommendations, 
agreements, and conventions. One of these conventions is the European Treaty Series 123 (ETS 123) 
(CoE 1986), which established the foundations for the current research animal protection legal frame-
work across Europe. However, conventions must be voluntarily ratified and signed by CoE members, by 
which they commit to incorporating them into their national legislation. But as a voluntary process, sig-
nature and ratification does not always occur. The current chart of signatures (26) and ratifications (21) 
is available at http://www.coe.int/en/web/conventions/full-list/-/conventions/treaty/123/signatures.

On the other hand, the supranational EU retains policy-making and legislative powers. The EU issues 
regulations, requiring direct compliance by member states, and directives, which must be transposed 
into national legislation within a certain time period. The current piece of legislation concerning the 
protection of animals used for scientific purposes is Directive 2010/63/EU (EP and CEU 2010). This 
directive has already been adopted by all EU member states, and establishes common requirements for 
breeders, suppliers, and users in the EU, which must be authorized by, and registered with, the “com-
petent authority” in each member state. However, during the transposition process, member states can 
implement in a different manner some of the requirements (see example described below). Importantly, 
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although requirements established prior to implementation of the directive may be maintained, member 
states cannot extend new stipulations beyond those established by the original charge.

Directive 2010/63/EU is based explicitly on the principles of the three Rs (Article 4), and applies to all 
vertebrates, including independently feeding larval forms and mammalian fetuses from the last third of 
normal development, as well as live cephalopods. Annex I lists the species that must be purpose bred, 
which includes traditional laboratory species and others, such as zebrafish. Special attention is paid to 
the use of nonhuman primates, which is limited to specific purposes (Article 8).

A feasibility study by the European Commission to be finalized before November 10, 2017, will be 
used to investigate an intent to limit the use of nonhuman primates to the second generation only, that 
is, the offspring of animals bred in captivity or from self-sustaining colonies. The use of great apes is 
banned, although a safeguard clause could permit their use in cases of emergency (Article 55).

All procedures must be classified as “nonrecovery,” “mild,” “moderate,” or “severe” on a case-by-case 
basis using the assignment criteria set out in Annex VIII. The classification of “severe” has implica-
tions concerning the reuse of animals (Article 16) and the need to perform a retrospective assessment 
(Article 39).

Directive requirements for animal care and use (Annex III) are based on ETS 123 Appendix A, guide-
lines for accommodation and care of animals (CoE 2006). Of particular impact, adoption in the directive 
transforms recommendations within Appendix A for cage sizes into obligations for EU member states, 
significantly increasing required minimum cage sizes for many species by comparison with previous 
standards. Nonetheless, institutions had to comply with the directive by January 1, 2017.

Other important concepts in the directive include the competence of personnel, who must be ade-
quately educated and trained prior to (1) designing procedures and projects, or performing (2) animal-
related procedures, (3) animal care, or (4) euthanasia (Article 22). For the latter three functions, a period 
of direct supervision to demonstrate competency is required; that is, training itself is not sufficient. In 
fact, institutions must designate one or several persons responsible for ensuring that staff are trained and 
supervised until demonstrating competency, and receive continuing education. Note that authority for 
identifying specific training requirements remains with the member states, and Annex IV lists accept-
able methods of performing species-specific euthanasia.

All institutions must also have a designated veterinarian with expertise in laboratory animal medicine 
charged with advisory duties related to animal treatment and well-being (Article 25). The article allows 
substitution for the designated veterinarian by a “suitably-qualified expert.” This controversial clause 
was intended to provide flexibility for institutions using only rare species; however, the loophole may 
be used to justify a lack of an institutional veterinarian. That said, the responsibilities and authority 
assigned to the designated veterinarian beyond animal medical care are mainly advisory, which includes 
providing input to the Animal Welfare Body (AWB) (see below) and advice concerning reuse or other 
nonterminal disposition.

Oversight and ethical review is distributed among several parties, including one or more designated 
persons bearing the responsibility for overseeing animal care and welfare for the institution. Additionally, 
institutions must establish an AWB composed of a scientist and the designated responsible individuals 
for animal care and welfare. The designated veterinarian, or other expert, also provides input to the 
AWB. Minimum AWB functions include advising on the care and use of animals and implementing the 
three Rs, assisting in internal operational processes, following the development and outcome of projects, 
and recommending rehoming schemes (Article 27).

A critical difference compared with oversight systems in other areas of the world is that the project 
evaluation required for authorization is not assigned to the institutional AWB, but to the “competent 
authority.” This is generally a public entity; however, member states retain some flexibility in identi-
fying others to perform the mandatory project evaluation. This may include designation of the AWB 
or other institutional ethics committees, or an external body (Guillén et al. 2015). In any case, project 
evaluation must be transparent and performed in an impartial manner, and must include, in addi-
tion to the customary items (listed in Annex VI), a “harm–benefit analysis,” and assessment of the 
severity classification. Designation of the body responsible for project review exemplifies the flexible 
implementation and transposition into national legislation from the common framework provided by 
the directive.
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Following evaluation, projects may be authorized for up to 5 years. Final authorization, which gener-
ally must not take longer than 40 working days, or 55 in case of great complexity, is granted only at the 
competent authority level, except in Belgium, where authorization may be granted by the institutional 
body performing the evaluation. To enhance transparency, nontechnical project summaries produced by 
the applicant are published anonymously by the competent authorities for general public access.

Competent authorities are required to inspect establishments. Inspections are to be carried out on at 
least one-third of the user institutions each year in accordance with a risk analysis. However, breeders, 
suppliers, and users of nonhuman primates must be inspected at least annually.

To facilitate harmonization in the implementation of the directive, the European Commission devel-
oped a number of Expert Working Groups (EWGs) that have produced important consensus documents 
(European Council 2016). These texts, addressing such areas as AWB function, genetically altered ani-
mals, inspections and enforcement, nontechnical summaries, project evaluation, and severity assess-
ment, may be adopted by member states and others affected by the directive. Consensus documents 
involving education and training continue to significantly foster harmonization of practices across mem-
ber states. Note that ancillary topics such as occupational health and safety and animal transportation are 
not addressed in Directive 2010/63/EU, but may be presented in other independent pieces of legislation 
at the EU or national level (Guillén et al. 2014).

Other European Countries

Many European countries not subjected to the EU Directive have specific legislation. For example, 
Switzerland has a well-established regulation, including an Animal Welfare Act (FASF 2005) with 
amendments and ordinances addressing the care and use of research animals. The act includes both 
cephalopods and decapods, and abides by the principles adopted by the EU. Project evaluation is per-
formed at the competent authority level, with committees established at the regional (Kanton) level.

Norway also has specific regulations (NMAF 2015) that closely adhere to the EU Directive. Given a 
relatively high use of fish in research, Norwegian legislation typically expects involvement of a veterinar-
ian, or “fish health specialist” to serve the role of a veterinarian, concepts similar to those in Article 25 
of the EU Directive.

Another country that belongs to the CoE but not to the EU, and has neither signed nor ratified ETS 
123, is the Russian Federation. Lacking specific legislation, the Russian Laboratory Animal Science 
Association (Rus-LASA) continues to promote modern animal welfare regulations.

Laboratory animal professionals in Israel have close relationships with European colleagues and par-
ticipate in European professional organizations, such as the Federation of European Laboratory Animal 
Science Associations (FELASA) and European Society for Laboratory Animal Veterinarians (ESLAV). 
Research animal care and use has been legislated in this country since 1994 with the prevention of cru-
elty to animals law and prevention of cruelty to animals rules (Assembly of Israel 2005; Kalman et al. 
2014). The law in Israel is based on a national council appointed by the Minister of Health and the estab-
lishment of institutional animal care and use programs overseen by an IACUC appointed by the council. 
The council can issue rules and guidance; the latest edition of the Guide (ILAR 2011a) is used to define the 
legal framework. As such, animal research oversight closely resembles that in the United States, with the 
IACUC retaining primary authority and supported by an AV.

Africa

Little can be said on specific legislation on the protection, care, and use of research animals in Africa 
(Hau 2014). Only general laws concerning animal welfare can be found in some countries, such as Kenya 
(1983), South Africa (1962), and Tanzania (2008). The most recent, Tanzanian Animal Welfare Act, con-
tains a general reference to the “Five Freedoms” (FAWC 1979) and, more importantly, explicit recognition 
of the three Rs when addressing animal experimentation. In South Africa, where more laboratory animal 
research is conducted, there are other less official codes of conduct concerning the care and use of labora-
tory animals. For example, the South African Medical Research Council published ethical guidelines on 
the use of animals for research and training (MRC 2004). The South African national standard for the 
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care and use of animals for scientific purposes (SABS 2008) is a voluntary national standard. Minimum 
standards for research animal facilities are also described within the rules related to the practice of vet-
erinary medicine in this country (DAFF 2015). Personnel who complete training by the British Institute 
of Animal Technology (IAT), with additional practical training at institutions recognized by the South 
African Veterinary Council (SAVC), can be registered as laboratory animal technologists.

Given humanitarian needs on the African continent, it is not surprising that laboratory animal leg-
islation has not been prioritized; however, initiatives are underway. Continuing education courses are 
routinely organized in the Magreb (Tunisia, Algeria). The association ACURET.ORG (2016) is “a multi-
national, interdisciplinary non-governmental not-for-profit organization, incorporated in Nigeria for the 
purpose of promoting humane animal care and use for scientific purposes in developing countries, in par-
ticular, in Africa” that “values and implements the Principles of the 3Rs as the basis for its promotion.”

Asia

People’s Republic of China

Regulation of the People’s Republic of China for Administration of Laboratory Animals

The Regulation of the People’s Republic of China for Administration of Laboratory Animals was approved 
in 1988 by the state council under Decree No. 2 Order of the State Science and Technology Commission 
of the People’s Republic of China (SSTC 1988). The regulation consists of 8 chapters and 35 articles. It 
addresses general requirements for the quarantine and control of infectious disease, personnel training and 
certification, and the import, export, and use of laboratory animals. The term laboratory animals under 
Chapter I, Article 2 of the regulation is defined as “artificially raised and bred animals with controlled 
microbes and parasites and definite genetic background and clear sources that are used in scientific research, 
teaching, production, examinations, and other scientific experiments.” This definition does not further limit 
the definition of species covered, although sections discussing quarantine specifically address handling pro-
cedures for wild-caught species before use as laboratory animals. The regulation is applicable to any institu-
tion and individual maintaining, raising, breeding, supplying, or using animals for experimental purposes.

Other Standards, Guidelines, and Local Regulations

The Ministry of Science and Technology (MOST) is the government agency that oversees laboratory 
animal science development in China, and establishes general requirements and guidelines. Detailed 
requirements and specific topics on animal care and use are described in National Standards of the 
People’s Republic of China, including Laboratory Animals—Requirements of Environment and Housing 
Facilities (GB 14925–2010) (NSPRC 2010a) and Laboratory Animals—Microbiological Standards and 
Monitoring (GB 14922.2–2010) (NSPRC 2010b). Specific standards for animal facilities are described in 
Architectural and Technical Codes for Laboratory Animal Facilities (GB 50447–2008) (NSORC 2008) 
and, more recently, Guidelines of Humane Treatment of Laboratory Animals (MOST 2006).

National regulations require institutions using animals to also comply with local regulations. The 
Municipal/Provincial Science and Technology Commission oversees the care and use of laboratory animals at 
the local level (e.g., state or province), which includes conducting an annual inspection. MOST’s Management 
of Laboratory Animal License Systems authorizes the local administration office to issue individual and 
institutional registrations and licenses to conduct animal-based scientific activities. For example, the Beijing 
Administrative Office of Laboratory Animals (BOALA) administers the Legal Administration Documents 
for Laboratory Animals in People’s Republic of China and Beijing Municipality, which issues licenses in 
Beijing (BAOLA 2000). Prerequisites to apply for licensure include records of personnel training, certifica-
tion, and medical evaluation, and quality assurance monitoring. The license is valid for five calendar years.

MOST requires self-monitoring to be performed by an institutional ethical committee, for example, 
an IACUC (Bayne and Wang 2014). Detailed requirements for ethical committee function and protocol 
review are regulated by the local authority. MOST guidelines also address animal transportation, with 
additional guidelines provided in the local regulation. Permits from the Ministry of Forestry are also 
required for breeding, transporting, and export of nonhuman primates or nonhuman primate tissues 
(Bayne and Wang 2014).
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Taiwan, Republic of China

Animal Protection Act and Enforcement Rules of Animal Protection

The Animal Protection Act was promulgated in 1998 by the Taiwan’s Legislative Yuan and last 
amended in 2011 (COA 2011). The act, which also covers animal transport in general, consists of 
6 chapters and 40 articles; implementation of the act is the authority of the Council of Agriculture 
(COA), to which institutions must submit annual reports. According to the act, animal is defined as 
“a dog, a cat, [or other] vertebrate that is raised and kept by people, including economic animals, 
experiment[al] animals, pets, and other animals.” The scope of scientific application for experimen-
tal animals includes “for the purpose of teaching, experiments, manufacturing biological prepara-
tions, experimental products, drug or toxic substance, and organ transplantation.” Chapter 2 captures 
humane aspects of animal use. Chapter 3, Articles 15–18, details the scientific application of animals, 
including the establishment of a care and use committee or panel to oversee the scientific aspects of 
animal use. The local competent authority’s inspector may inspect facilities to review the implementa-
tion of the act.

The Enforcement Rules of Animal Protection were promulgated in 2000 and amended in 2013, and 
include specifications for the types of institutions conducting animal-based scientific activities (COA 
2013).

Guidebook and Other Resources

A Guidebook for the Care and Use of Laboratory Animal (Guidebook) published by COA in 2010 
addresses husbandry and enrichment, veterinary care, physical plant, breeding, occupational health and 
safety programs, disaster and emergency planning, and species-specific information (Kurosawa et al. 
2014). The standards outlined in the Guidebook are used by inspection teams for annual evaluation of 
facilities selected by the COA.

Training courses for IACUC and program management are offered regularly, sponsored by the Chinese 
Association for Laboratory Animal Science (CALAS), Chinese Taipei Society for Laboratory Animal 
Science (CSLAS), and National Laboratory Animal Center (NLAC) (Chen 2008).

Japan

Law of Humane Treatment and Management of Animals

The Law of Humane Treatment and Management of Animals No. 105 was promulgated in 1973; a 2005 
amendment endorses the principles of the three Rs (Kurosawa et al. 2014). The law addresses the proper 
treatment of animals, such as the responsibilities of the owner and registration and inspection require-
ments for animal-handling businesses. Although articles under the law pertain to all persons engaged in 
a business involving animals, the term animal is limited to mammals, birds, and reptiles.

Standards Relating to the Care and Management of Experimental Animals

The Standards Relating to the Care and Management of Experimental Animals: Experimental Animal 
Regulation was published in 1980 (Prime Minister’s Office 1980). In 2006, the Ministry of Environment 
released a revision that included specific guidance for the relief of pain (MEJ 2006). The standards 
define experimental animal as “a mammal or bird reared or kept at a facility (including animal being 
transported to a facility) for use in experiments.” The term experiment is defined as an “education pur-
pose, experimental research, or manufacture of biotics or other scientific application.” The standards 
address general considerations for transport, basic care, and the health and safety of animals (Kurosawa 
et al. 2014).

Other Laws and Resources

Additional guidelines are dependent on the jurisdiction and funding agencies applicable to the institution. 
For example, the basic policy for the conduct of animal experimentation is pertinent for research under 
the Ministry of Health, Labor and Welfare (MHLW) and the Fundamental Guidelines for Proper Conduct 
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of Animal Experiments (Fundamental Guidelines) are applicable to organizations conducting animal 
experiments for the Ministry of Education, Culture, Sports, Science and Technology (MEXT 2006).

According to the Fundamental Guidelines, the term animal is defined as a mammalian, avian, or 
reptilian species, for experimentally related activities conducted in academic research institutions. The 
Fundamental Guidelines address the responsibility of the research institution and the establishment of 
institutional regulations and an animal experimental committee. The role and responsibility of the ani-
mal experimental committee includes protocol review and approval to ensure concurrence with the law 
and standards, education, training, and self-inspection.

The Guidelines for Proper Conduct of Animal Experiments were developed by the Science Council of 
Japan in 2006, and serve as an additional support document for activities under both MEXT and MHLW 
(SCJ 2006). These guidelines define animal experiment as “utilization of animals for education, testing, 
research, manufacture of biological products or other scientific purposes.” The guidelines provide addi-
tional details regarding IACUC responsibilities and function; animal health, care, and management; and 
personnel training and safety. Laboratory animals covered under this guideline includes mammalian, 
avian, or reptilian species.

Use of genetically modified animals is regulated by the Law Concerning the Conservation and 
Sustainable Use of Biological Diversity through Regulation on the Use of Living Modified Organism 
(LCCSU 2007).

South Korea

Animal Protection Law

The Korean Animal Protection Act (APA) was first issued by the Ministry of Agriculture and Forestry 
(MAF) in 1991, and recently amended under the Ministry of Agriculture, Food, and Rural Affairs 
(Republic of Korea 2014). A broader definition of animal has been reduced in the current law to mean 
“mammals, birds, reptiles, amphibia, and fish, animals that are prescribed by Presidential Decree after 
discussion between the head of a relevant central administrative agency and the Minister of Agriculture, 
Food and Rural Affairs.”

The revised law contains 47 articles, including establishment of a central Animal Welfare Committee 
within the ministry (Article 5), animal transportation (Article 9), and requirements for registration 
(Article 12). Chapter III (Articles 23–28) discusses animal experimentation, focusing primarily on 
minimizing animal pain and suffering; considerations for replacing animal models; qualifications of 
personnel conducting experiments; and reducing the number of animals used. Article 26 mandates the 
establishment of an ethics committee, termed the Animal Experimentation Ethics Committee, to ensure 
ethical treatment, and describes the committee’s appointment, composition, and other functions. At least 
one member of the committee is selected by the ministry.

Laboratory Animal Act

The Laboratory Animal Act (LAA), which is overseen by the Ministry of Food and Drug Safety (MFDS), 
first issued in 2008 and amended in 2010 (LAA 2010), enhances ethical consideration of laboratory 
animal use and animal testing. Consisting of seven chapters, the LAA mandates that activities comply 
with the APA, and specifically applies to testing activities involved in “development, safety control and 
quality control of foods, functional health foods, medical and pharmaceutical products, non-medical 
and pharmaceutical products, biomedicines, medical appliances, and cosmetics” and “safety control and 
quality control of narcotics.”

The LAA defines laboratory animal as a “vertebrate used or raised for the purpose of animal testing.” 
The term animal testing means “testing conducted on laboratory animals, or scientific procedures for 
scientific purposes, such as education, testing, research and production of biological medicines or such.”

Chapter II of the LAA describes education of personnel, consideration of alternatives to animal test-
ing, personnel safety, and the establishment of a Laboratory Animal Management Committee to ensure 
the ethics, safety, and reliability of animal testing. Other chapters cover animal testing facilities, supply 
of laboratory animals, safety control, and disclosure of records to the public.
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India

Prevention of Cruelty to Animals Act

The Prevention of Cruelty to Animals Act of 1960 (Act 59 of 1960) was the first law to legislate animal 
welfare in India, and was amended by the Central Act 26 of 1982 (PCAA 1982). The term animal is 
defined in the act as “any living creature other than a human being.” Legal provision of experimenta-
tion on animals is stipulated in Chapter IV, applying to an “animal for the purpose of advancing new 
discovery of physiological knowledge for saving or prolong[ing] life, alleviating suffering or combat-
ing disease of human beings, animals, or plants.” With the aim of preventing unnecessary animal pain 
or suffering, the act (Chapter IV, Section 15) dictates central oversight of animal experimentation by 
the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA). 
CPCSEA is authorized to supervise and control experimental activity, including conducting inspections 
(Chapter IV, Section 18).

Breeding of and Experiments on Animal (Control and Supervision) Rules

In 1998, the Indian Parliament, through the Ministry of Social Justice and Empowerment, and later the 
Ministry of Environment and Forestry, reinforced CPCSEA by enacting the Breeding of and Experiments 
on Animal (Control and Supervision) Rules, which were later amended in 2001 and 2006 (MSJE 1998, 
2001; MEF 2006). The definition of experimental activity under the 2001 amendments was expanded 
to include “use of animals for the acquisition of knowledge of a biological, psychological, ethological, 
physical or chemical nature; and includes the use of animals in the production of reagents and products 
such as antigens and antibodies, routine diagnostics, testing activities, and establishment of transgenic 
stock for the purpose of saving or prolonging life, or alleviating suffering, or for combating any disease 
whether on human being or animals.”

The rules (Section 4) mandate registration of animal facilities conducting breeding and/or experimen-
tation. The registrant is subject to inspection by individuals nominated and authorized by CPCSEA. The 
requirements include establishment of an ethics committee, known as the Institutional Animal Ethics 
Committee (IAEC), to review and approve the experimental proposals. The composition of IAEC mem-
bership, requirements for records, and qualifications for personnel assuming supervisory responsibilities 
are described in the rules.

The 2001 revision also required compliance with the Indian National Science Academy (INSA) 
Guidelines for Care and Use of Animals in Scientific Research (Guidelines). First published in 1992, 
the INSA Guidelines describe ethical responsibilities and committee review; housing and environment; 
breeding, genetics, and transgenic animals; animal husbandry and disease control; personnel training; 
animal transportation; and veterinary care, including anesthesia and euthanasia (INSA 2000).

Recently, CPCSEA released additional guidelines related to the use of animals for experiments, includ-
ing the CPCSEA Guidelines for Laboratory Animal Facility (CPCSEA Guidelines) (CPCSEA 2003) 
and CPCSEA Standard Operating Procedures for Institutional Animal Ethics Committees (CPCSEA 
SOPs for IAEC) (CPCSEA 2010). The CPCSEA Guidelines contain eight annexures addressing require-
ments for veterinary care programs, responsibilities of the veterinarian, and anesthesia and euthanasia; 
personnel training and occupational health and safety; animal restraint, husbandry, and social environ-
ment; animal environment control and physical plant; transportation; transgenic animal use; and special 
procedures for using biological hazards. The CPCSEA SOPs for IAEC were issued in 2010 to ensure 
quality, consistency, and compliance with the rules and act in the function of the IAEC and its review 
mechanisms. This comprehensive document stipulates the IAEC objectives, role and function, member-
ship composition, appointment, authority, and requirements for quorum, record keeping, and reporting. 
Functions of the IAEC include the review and approval of proposed animal use prior to implementation; 
conducting facility inspections, and submission of reports to CPCSEA. The IAEC is responsible for 
monitoring research activities and ensuring their compliance with the rules and act.

CPCSEA establishes an official animal experiment proposal form in the “Application for Permission 
for Animal Experiments (Form B)” and “Checklist for Protocol.” While the IAEC is authorized to 
approve experimentation involving rodents and rabbits, use of other species requires additional approval 
by the CPCSEA National Committee, based on a positive recommendation from the IAEC.

www.ebook3000.com

http://www.ebook3000.org


129Compliance and Regulatory Programs

IAEC membership includes at least one nonaffiliated member appointed by CPCSEA, also known as 
the nominee of CPCSEA. All IAEC decisions occur after discussion in a meeting that meets quorum; 
the presence of the nominee of CPCSEA member is mandatory.

The CPCSEA also provides a “Checklist for Inspection” to assist in conducting facility reviews, and 
an experimental animal health record describing maintenance of animal receipt, medical and experi-
mental procedures, and rehabilitation efforts. Annual reports to CPCSEA include copies of IAEC min-
utes and facility inspection reports. Animal procurement, including importation of rodents for research 
purposes, requires certificates issued by CPCSEA after approval by the IAEC.

The 2006 revision of the rules requires investigators to consider rehabilitation rather than euthana-
sia for animals used in nonterminal studies, excluding those resulting in an inability to resume natural 
function or persistent pain, or those involving exposure to hazardous agents posing a risk to humans 
and other animals. Aftercare and/or rehabilitation is specifically described in the Recommendations 
of the Sub-Committee on Rehabilitation of Animals after Experimentation Set Up by CPCSEA 
(CPCSEA 2006).

Thailand

The National Research Council of Thailand (NRCT) has issued regulations applicable for animal care 
and use for scientific purposes in the Ethical Principles and Guidelines for the Use of Animals for 
Scientific Purposes (Ethical Guidelines), the Fundamental Principles of Designing Animal Care and 
Use Facilities for Scientific Work (Fundamental Principles), and the Standards for Institutional Animal 
Care and Use Committees (IACUC Standards) (NRCT 2006).

The Ethical Guidelines reflect revision of the Ethics for Animal Experimentation of 1999, which were 
developed primarily based on the CIOMS International Guiding Principles for Biomedical Research 
Involving Animals of 1985 (Gettayacamin et al. 2014). The Ethical Guidelines define the term animal 
as wildlife or vertebrate laboratory animals. Laboratory animal is defined as “animals that are procre-
ated and nurtured in confinement, and are used by human[s] for the benefit of any branch of science and 
technology,” and is applicable to both animal users and breeders. The document expands the concepts 
of the three Rs, in five ethical principles: addressing alternatives to animal models, minimizing ani-
mal numbers, conserving wildlife, avoiding unnecessary pain and distress, and compliance with animal 
experimental protocols. General precepts in animal transportation, facilities, husbandry, and health; 
personnel qualifications; and reliability of equipment are described.

Monitoring implementation of the ethical principles is to be conducted at both the institutional and 
national level. Institutions using animals in research, testing, the production of biological materials, 
and teaching must establish an ethics committee to oversee and ensure adherence to the guidelines. 
Committee responsibilities include establishing SOPs, review and approval of projects involving animal 
use, monitoring animal use activities, and providing training and continuing education of personnel.

The NRCT appoints the National Committee for Research Animal Development (NCRAD) to monitor 
and promote the ethical use of animals in scientific activities. In addition, editorial boards of academic 
journals are advised to request detailed information for research paper submission, including genetic 
background, justification of animal numbers, animal care, and protocol approval by the institutional 
ethics committee. In 2009, the NRCT also issued Fundamental Principles, which provides recom-
mended standards for facility design, physical plant, animal environment, and personnel safety. IACUC 
Standards addresses IACUC membership and function, and emphasizes IACUC responsibility in accor-
dance with the Ethical Guidelines (Gettayacamin et al. 2014).

Singapore

Animals and Birds Act and Animals and Birds (Care and Use 
of Animals in Scientific Purposes) Rules

The Animals and Birds Act originally enacted under Ordinance 3 of 1965 covered the use of any mam-
mal (other than humans), bird, fish, other living creature, or those categorized under the class of animal, 
including genetically modified animals (ABA 2002). The Animals and Birds (Care and Use of Animals 
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in Scientific Purposes) Rules, passed by the Ministry for National Development of Singapore, limited 
the definition of animal to “any live vertebrate, including any fish, amphibian, reptile, bird, and mammal 
[other than] human beings” (AVA 2004).

Prerequisites for transporting, holding, or using animals for scientific purposes include an AV, an 
appropriately constituted IACUC, a process for approving animal-related projects, and licenses issued 
by the Agri-Food and Veterinary Authority (AVA). The appointment, membership, and function of the 
IACUC are stipulated in Rules 7 and 8, and include semiannual review of the animal care and use pro-
gram, annual inspection of the research facility, investigating reports of noncompliance, and PAM. Rule 
11 specifies requirements for the AV and adequate veterinary care, including specifications for training 
and experience. Licensees submit an annual report to the AVA and are required to immediately report 
suspected disease outbreaks or unusual mortality levels.

National Advisory Committee for Laboratory Animal Research Guidelines

The AVA also requires compliance with the National Advisory Committee for Laboratory Animal 
Research (NACLAR) Guidelines on the Care and Use of Animals for Scientific Purposes (NACLAR 
Guidelines) (NACLAR 2004) for facilities housing or using vertebrates for teaching, field trials, envi-
ronmental studies, research, diagnostics, product testing, and production of biological products. The 
NACLAR Guidelines are comprised of (1) the Guiding Principles for the Care and Use of Animals in 
Scientific Purposes (Guiding Principles), which address humane care and use, including appendices 
for fish and nonhuman primates, (2) Guidelines for the Institutional Animal Care and Use Committee 
(IACUC Guidelines); and (3) training guidelines.

The Guiding Principles detail animal housing and management, animal procurement and transporta-
tion, veterinary care, and IACUC responsibilities (Chapter 8). An AV licensed by the AVA must be part 
of the program and has authority to oversee animal care and use.

Additional functions of the IACUC are described in the IACUC Guidelines. Oversight function at 
the institutional level is maintained by the IACUC. Their responsibilities include protocol review and 
approval of proposed animal activities, semiannual program review, annual inspection of animal hous-
ing and procedure areas, and annual reporting to AVA ensuring compliance with and describing IACUC-
approved exemptions to the Guiding Principles.

The training guidelines outline recommendations for all personnel involved in the animal care and 
use program, including researchers, animal facility personnel, and IACUC members. IACUC members 
are required to attend the Responsible Care and Use of Laboratory Animals Course within 12 months 
of appointment. Occupational health and safety is also addressed, and must comply with biosafety stan-
dards issued by the Ministry of Health and the Ministry of Manpower.

Other Guidelines

Supported by the Genetic Modification Advisory Committee (GMAC) guidelines, the GMAC is respon-
sible for overseeing the transportation and use of genetically modified organisms (GMOs) (GMAC 2013).

Malaysia

As of this writing, the proposed Malaysian Code of Practice for the Care and Use of Animals for 
Scientific Purposes has been developed by the Laboratory Animal Science Association of Malaysia 
(LASAM) and adopted by many research institutions and the National Bioethics Council (Gettayacamin 
et al. 2014; LASAM 2016).

The term animal under the proposed code is applied to any member of the animal kingdom and 
includes “any mammal (other than [hu]man), bird, reptile, amphibian, fish, mollusk, arthropod, and 
other vertebrate or invertebrate, whether alive or dead, and the egg, young or immature from thereof.” 
The scope envelops all aspects of animal care and use in scientific activities, “in medicine, biol-
ogy, agriculture, veterinary or other animal science, industry and teaching,” and in “research, teach-
ing, field trials, product testing, diagnosis, the production of biological products and environmental 
studies.”
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The proposed code endorses the three Rs and stipulates an institutional ethics committee. It describes 
the investigator responsibilities; animal housing, transportation, and veterinary care; and personnel qual-
ification and training; and outlines principles and recommended engineering standards for animal space 
and environmental control. Section 2 provides a comprehensive description of IACUC appointment, 
responsibility, membership, proposal review processes, monitoring, and reporting functions.

Indonesia

Animal Welfare Law

The Law of Republic Indonesia No. 6, issued in 1967, specifies animal welfare in Article 22 (LRI 1967). 
The law was replaced in 2009 by the Law of the Republic Indonesia No. 18, which includes sections 
devoted to veterinary public health and animal welfare (Chapter VI), and veterinary authority in labo-
ratory animal and comparative medicine (Chapter VII, Article 74). The term animal under this law 
(Chapter VI, Part 2, Article 66) includes both vertebrates and invertebrates. It governs the housing, care, 
handling and restraint, transportation, use, euthanasia, and humane treatment of animals (LRI 2009).

Regulation and Guidelines for Care and Use of Animals for Scientific Purposes

Principles of the ethical treatment of animals in comparative medicine are described in the govern-
ment of the Republic of Indonesia Regulation No. 95 (GRIR 2012). Detailed guidelines for laboratory 
animal care and use in biomedical research supported by the Ministry of Health were developed by the 
Health Research Ethics Committee, and consist of (1) National Guidelines on Health Research Ethics 
(HREC 2011a) and (2) Teaching Guide Book for Ethics on Health Research (Teaching Guide Book) 
(HREC 2011b). The guidelines and Teaching Guide Book address the three Rs and the “Five Freedom 
Principles” (hunger and thirst; discomfort; pain, injury, and disease; fear and distress; and expression of 
natural behaviors) (FAWC 1979), and other aspects of an animal care and use program.

The guidelines describe appointment and oversight responsibilities of a veterinarian, competency 
and training for personnel involved in animal care and use, behavior and environmental management, 
and occupational health and safety. Mandated oversight by the Health Research Ethics Committee is 
limited to governmental institutions under the Ministry of Health; however, most other academic and 
private research institutions have voluntarily established ethics committees in accordance with the 
guidelines.

Philippines

Animal Welfare Act

The Animal Welfare Act (Republic Act No. 8485) was enacted by Congress in 1998 (AWA 1998) and 
amended in 2013 (AWA 2013). Animal experimentation is briefly addressed under Section 6.

Rules and Regulation on the Conduct of Scientific Procedures Using Animals

Following the act, the Department of Agriculture Administrative Order No. 40 (AO No. 40) Series of 
1999 requires the registration of institutions using animals for research and scientific procedures, exclud-
ing animal clinical tests for evaluating veterinary products. A formal animal care and use program 
overseen by an IACUC is required to obtain authorization. Additionally, the Rules and Regulations on 
the Conduct of Scientific Procedures Using Animals govern the use of animals for scientific purposes 
(RPDA 1999).

The rules define animal as “any live vertebrate (domestic or wild) that is used or intended for use 
in scientific purpose[s].” Pertinent activities include biomedical research, teaching and instruction, 
product testing, and the production of antisera or other biologicals. The rules describe requirements 
for authorization, and detail appropriate euthanasia procedures for commonly used species and agents. 
Annexes include specific guidance for the IACUC, including composition, obligations, protocol review, 
and inspection processes (Annex A); the application for authorization (Annex B); and a description 
of the animal care and use program (Annex C), which includes veterinary medical care, husbandry, 
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physical environment, personnel qualification, and physical plant; and a standardized animal care and 
use statement/protocol review form.

Other Regulations and Guidelines

The Code of Practice for the Care and Use of Laboratory Animals (COP) developed by the Philippine 
Association of Laboratory Animal Science (PALAS), is applicable to animals used in biomedical 
research, teaching, testing, and the production of biological products. It references and affirms both 
the CIOMS International Guiding Principles for Biomedical Research Involving Animals (CIOMS and 
ICLAS 2012) and the Guide (ILAR 2011a). The COP is endorsed by local regulatory agencies and 
includes standards for husbandry, occupational health and safety, training, and the ethics committee; 
transportation, housing, and environmental enrichment; and veterinarian responsibilities, veterinary 
care, and euthanasia methods (Gettayacamin et al. 2014). Authorization for use of animals is granted by 
the director of the Bureau of Animal Industry (BAI) under the Department of Agriculture, and presumes 
adherence to PALAS COP and ethics committee approval (Gettayacamin et al. 2014).

Cambodia

Chapter 7.1 of the OIE Terrestrial Animal Health Code (OIE 2015) is generally adopted by govern-
ment and academic research institutions in Cambodia. Permits to export nonhuman primates are autho-
rized by the Ministry of Agriculture, Forestry and Fisheries (MAFF), and enforced by the Forestry 
Administration (FA) and the Department of Animal Health and Production (DAHP). Regular inspec-
tions of nonhuman primate breeding and holding facilities are conducted by the veterinary authority of 
FA and DAHP (Gettayacamin et al. 2014).

Australasia

Australia

Australian Code for the Care and Use of Animals for Scientific Purposes

The Australian Code for the Care and Use of Animals for Scientific Purposes (the Code) was first 
developed in 1969 to promote the ethical, humane, and responsible care and use of research animals. 
The most recent revision of the Code, the eighth edition, was released in 2013 (ARC 2013). Although the 
Code serves as guidance, adherence to the Code is mandated for institutions receiving funding from the 
National Health and Medical Research Council (NHMRC) (Schofield et al. 2014). The Code applies to 
all scientific activities involving animals, defined as “all activit[ies] conducted with the aim [of] acquir-
ing, developing, or demonstrating knowledge or techniques in all area[s] of science.” This includes the 
use of animals for teaching, field studies, the generation of animal lines with undefined genetic impact 
on animal well-being, disease diagnosis, biological agent production, and product testing, noting that 
the latter is precluded from NHMRC funding (NHMRC 2016). The definition of animal according to 
the Code includes “any live nonhuman vertebrate (that is fish, amphibians, reptiles, birds, mammals, 
encompassing domestic animals, purpose-bred animals, livestock, wildlife), and cephalopods.” Some 
territories and states may include other species under local legislation.

Awareness of and compliance with the Code and acceptance of specified responsibilities is required 
of institutions, including the Animal Ethics Committee (AEC) and all personnel involved in any aspect 
of the animal care and use program. The Code applies throughout the involvement of the animal in the 
scientific activities, from acquisition, transport, and breeding until the ultimate disposition, and requires 
that all involved in the care and use of animals maintain compliance with other relevant and applicable 
commonwealth, state, and territory legislations. The Code is comprised of six sections: (1) governing 
principles, (2) responsibilities, (3) animal well-being, (4) care and use of animals for the achievement of 
educational outcome in science, (5) complaints and noncompliance, and (6) independent external review 
of the operation of institutions.

Section 2 of the Code stipulates the responsibilities of the institution, investigators, animal care 
personnel, and AEC, which is given primary responsibility for ensuring that all animal care and use 
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activities are conducted in accordance with the Code. The AEC must review applications for proposed 
animal care and management, monitor animal care and use activities, take appropriate action regarding 
unexpected adverse events and noncompliance, and establish institutional guidelines for animal care 
and use. The Code specifies activity monitoring methods, such as inspection of animals, animal hous-
ing areas, and procedures, and review of records and reports. The AEC is expected to determine the 
frequency and timing of inspections in which the nonaffiliated member should participate. This section 
also outlines institutional responsibilities regarding occupational health and safety related to the animal 
care and use program.

Animal importation, discussed in Section 3, requires authorization by the Australian Department of 
Agriculture, Fisheries and Forestry, and Quarantine Inspection Service. Air transportation of geneti-
cally modified and exotic animals is subject to commonwealth, state, and territory regulation as well. 
Although the Code does not enumerate training, qualifications, or experience requirements for veteri-
nary expertise, the availability of veterinarians to advise and oversee the veterinary care program is 
specifically outlined.

Section 4 of the Code describes standards for primary enclosures, husbandry, environmental control 
and maintenance, and emergency action plans. Additional standards for housing, including environmen-
tal enrichment, are generally specified by state and territory animal welfare legislation.

The Code mandates an independent external review to be conducted at least every 4 years. Details 
on the coordination, membership requirements, and duties of the review panel are specified in Section 6 
of the Code (ARC 2013).

NHMRC Guidelines

Other guidelines have been developed by the NHMRC to supplement the Code. Like the Code, these 
documents are mandatory for institutions receiving funding from the NHMRC.

The Guidelines to Promote the Well-Being of Animals Used for Scientific Purposes: The Assessment 
and Alleviation of Pain and Stress in Research Animals (NHMRC 2008a) provides background mate-
rial, basic strategies, and fact sheets to advance the well-being of animals use for scientific purposes. 
Parts of this document also discuss appropriate means of euthanasia, anesthesia, and analgesia, and use 
of anxiolytics. An additional reference frequently cited for euthanasia is Euthanasia of Animals Used 
for Scientific Purposes by the Australian and New Zealand Council for the Care of Animals in Research 
and Teaching (ANZCCART 2001).

Other relevant references developed by NHMRC include A Guide to the Care and Use of Australian 
Native Mammals in Research and Teaching (NHMRC 2014), Policy on the Use of Non-Human 
Primates for Scientific Purposes (NHMRC 2003), Guidelines for the Generation, Breeding, Care and 
Use of Genetically Modified and Cloned Animals for Scientific Purposes (NHMRC 2007), Guidelines 
on the Use of Animals for Training Interventional Medical Practitioners and Demonstrating New 
Medical Equipment and Techniques (NHMRC 2009a), Guidelines for Monoclonal Antibody 
Production (NHMRC 2008a), and Guidelines on the Care of Dogs Used for Scientific Purposes 
(NHMRC 2009b).

Local Legislation

While compliance with the Code is only required for institutions receiving funding from NHMRC, ani-
mal welfare regulations impacting the use of animals in research exist for states and territories, which 
adhere to its principles and guidelines. For example, the New South Wales Animal Research Review 
Panel Guidelines encompass several aspects of animal care and use, such as species-specific care and 
housing standards, acquisition of dogs and cats, use of feral animals in research, and production of 
monoclonal antibodies. Institutions in Victoria are referred to the Code of Practice for Housing and Care 
of Laboratory Mice, Rats, Guinea Pigs, and Rabbits and the Code of Practice for the Use of Animals 
from Municipal Pounds in Scientific Procedures (Schofield et al. 2014).

Ethical review and oversight functions by an AEC, as outlined in the Code, are required by all states 
and territories. Facility licensing and registration is also required in all states and territories for institu-
tions that use, breed, supply, or hold certain species for scientific purposes. An annual report of compli-
ance with the Code is required.
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Training and education for animal users, care staff, and AEC members are described in both the Code 
and regional legislation. Resources for AEC members are specifically available from the ANZCCART 
and animal welfare units in certain states, such as Queensland, New South Wales, and Victoria. Training 
for new or inexperienced personnel working with nonhuman primates must be arranged in consultation 
with NHMRC National Nonhuman Primate Breeding Colonies.

Other Guidelines

GMOs, including laboratory animals, are regulated under the Commonwealth of Australia Gene 
Technology Act of 2000, which addresses licensing, certification, accreditation, advisory and ethics 
committees, and inspections (GTA 2014); Gene Technology Regulations 2001, which include standards 
for containment and monitoring activities (GTR 2001); and the Guidelines for the Transport, Storage and 
Disposal of GMOs (DHA 2011).

New Zealand

Animal Welfare Act

New Zealand’s Animal Welfare Act was promulgated in 1999 (Public Act No. 142) and has been amended 
several times, most recently in 2015 (NZAWA 1999, 2015). The term animal under the act is defined as 
“any live member of the animal kingdom,” that is, a mammal, bird, reptile, amphibian, or fish; octopus, 
squid, crab, lobster, or crayfish; any other member as specified by the governor general, by order in coun-
cil; and any mammalian fetus, or avian or reptilian prehatched young that is in the last half of its period 
of gestation or development. Use in research includes any work involving the manipulation of animals 
in investigative, experimental, diagnostic, toxicity, or potency testing; in producing antisera or other 
biological products; and in teaching. The act specifically prohibits the use of animals in any research, 
testing, or teaching for the purpose of developing, making, or testing cosmetics, or an ingredient that is 
intended exclusively for use in cosmetics.

Part 6 of the act, entitled “Use of Animals in Research, Testing, and Teaching,” dictates that any per-
son wishing to use animals in research is required to both have a project approval from the IAEC and 
maintain an approved code of ethical conduct (CEC) document. The CEC is authorized by the director 
general of the Ministry of Agriculture and Forestry (MAF), based on the recommendation from the 
National Animal Ethics Advisory Committee (NAEAC), and is issued for up to 5 years (NZAWA 1999). 
The CEC holder is generally the chief executive officer of an institution. To assist applicants, the NAEAC 
released the Guide to the Preparation of Codes of Ethical Conduct (NAEAC 2012). The AEC functions 
on behalf of the CEC holder, reviewing applications for project approval and monitoring compliance with 
the conditions of the project and with CEC. Part 6 also details the AEC membership composition and 
reporting of noncompliance. The act specifies restrictions to and classification of surgical procedures, 
including conditions applied when personnel other than veterinarians perform surgical procedures.

Good Practice Guide for the Use of Animals in Research, Testing, and Teaching

The most recent edition of the Good Practice Guide for the Use of Animals in Research, Testing, and 
Teaching (Practice Guide) was published by the NAEAC in 2010 (NAEAC 2010). The Practice Guide, 
which is intended to expand and supplement the act, applies to all aspects of the care and use of animals 
in scientific activities in medicine, biology, agriculture, veterinary and other animal science, industry, 
and education. The Practice Guide describes standards for animal acquisition and transportation; envi-
ronmental enrichment and facility management, including special considerations for farm animals; rec-
ommendations for personnel qualifications, training, and staffing levels; hazard communication; and the 
responsibilities of investigators and instructors using animals.

Other Guidelines and Standards

The Practice Guide provides general guidance and principles related to animal euthanasia; detailed 
guidelines are published in Euthanasia of Animals Used for Scientific Purposes (ANZCCART 2001). 
Similarly, expanded information regarding animal transport is described in International Air Transport 
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Association (IATA) regulations and “Transport of Animals within New Zealand” by the National 
Animal Welfare Advisory Committee (2011).

Genetically modified animal use is overseen by the Hazardous Substances and New Organism Act of 
1996 and the Biosecurity Act of 1993. Requirements for facility construction, operation, and semiannual 
internal review, and periodic MAF audits are specified in MAF Biosecurity Authority Standard 154.03.03: 
Containment Facilities for Vertebrate Laboratory Animals (MAF 2002). Authorization from the Ministry 
of Primary Industries is required to transfer genetically modified animals (Schofield et al. 2014).

Multinational Guidance

AAALAC International

The American Association for the Accreditation of Laboratory Animal Care (AAALAC) was conceived 
by the Animal Care Panel, which became the American Association for Laboratory Animal Science 
(AALAS) as a means of supporting high-quality science by ensuring humane animal care and use, and 
thereby assuring the general public that research was conducted appropriately (AAALAC 2016e). The 
organization was incorporated in 1965 as a not-for-profit association conducting voluntary reviews of 
animal care and use programs. In 1996, the name was changed to the Association for the Assessment 
and Accreditation of Laboratory Animal Care International (AAALAC International), to reflect a rap-
idly growing interest in the benefits of accreditation worldwide. Most recently, the association discon-
tinued defining the acronym to avoid overinterpretation of the term laboratory and uses “AAALAC 
International” as its official title (AAALAC 2016e). The AAALAC International mission statement 
reads, “AAALAC International is a voluntary accrediting organization that enhances the quality of 
research, teaching, and testing by promoting humane, responsible animal care and use. It provides advice 
and independent assessments to participating institutions and accredits those that meet or exceed appli-
cable standards” (AAALAC 2016f).

Governing the organization is a Board of Directors appointed by delegates from more than 60 member 
organizations that share AAALAC’s core values. The board appoints internationally recognized experts 
in laboratory animal medicine, science, and use as members of the Council on Accreditation, who 
conduct triennial reviews leading to a determination of accreditation status. These reviews include 
on-site evaluation of institutions for initial or continuing accreditation, using three primary standards: 
the Guide, the Ag Guide, and ETS 123. Augmenting these standards are numerous reference resources 
acknowledged by the council (AAALAC 2016g), eight position statements summarizing the council’s 
interpretation of high-impact issues (AAALAC 2016h), and at the time of this writing, 58 frequently 
asked questions (AAALAC 2016i).

Accreditation is discussed in more detail in Chapter 9. While not a regulatory organization, accredita-
tion provides an extraordinarily valuable means of program assessment.

Terrestrial Animal Health Code

Another organization seeking to advance common animal welfare principles is the World Organization 
for Animal Health (OIE). Headquartered in Paris, the OIE is recognized by the World Trade Organization, 
represents 180 member countries, and is “the intergovernmental organization responsible for improving 
animal health worldwide” (OIE 2016). Among its contributions are research animal welfare standards 
described in the Terrestrial Animal Health Code (OIE 2015), which specifically endorses the three 
Rs and a system of oversight by independent institutional, regional, or national ethical review entities 
(see also Chapter 8).

International Guiding Principles for Biomedical Research Involving Animals

Two additional associations with similar interests include the CIOMS (2016) and the ICLAS (2016). 
In 2012, these organizations published the International Guiding Principles for Biomedical Research 
Involving Animals (CIOMS and ICLAS 2012). This document shares many of the same principles as the 



136 Management of Animal Care and Use Programs in Research, Education, and Testing

OIE Terrestrial Animal Health Code, such as an affirmation and application of the three Rs in ethical 
reviews of proposed animal use, including minimizing opportunities for pain and distress and incorpora-
tion of humane endpoints, and the importance of personnel competency and provision of veterinary care 
(see also Chapter 8).

Summary

Although it is tempting to justify practices “because the regulations require it,” managers are urged to 
view compliance as a by-product of the partnership between and pursuit of common goals by the PI, IO, 
AV, and IACUC or EOB, and thereby serve as a tool for validating their efforts (see also Chapter 10). 
Applying accepted standards to animal care and use encourages consistency and minimizes the potential 
for animal pain and distress, thereby meeting both scientific and ethical obligations. Oversight, including 
that provided by external reviewers, such as regulators and accrediting bodies, and the outcome of their 
scrutiny should be used to foster and confirm the existence of a well-managed program with those two 
symbiotic objectives.
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Harmonizing International Animal 
Care and Use Programs

John F. Bradfield, Javier Guillén, and Lynn C. Anderson

Global Principles of Research Animal Welfare

Introduction

The 3R principles of replacement (to avoid or replace the use of animals), reduction (to minimize the 
number of animals used), and refinement (to minimize animal suffering and increase animal well-being) 
were first proposed in 1959 (Russell and Burch 1959), but their adoption by the scientific community has 
been gradual. Now, they are a key component of regulatory and guidance documents across the globe, 
creating a basic international framework for animal care and use. There are differences in the way these 
principles are implemented, as the care and use of research animals is not and cannot be standardized 
completely. However, the international acceptance of these basic principles has made them global, allow-
ing a level of harmonization of animal care and use practices worldwide. Harmonization is achieved by 
following the same principles regardless of the way they are implemented to obtain the same desired 
outcome. As an example described later in the chapter, there may be different legal systems for protocol 
or project evaluation, carried out by government authorities, institutional bodies, or a combination of 
both, and all are valid methods if the evaluation is thoroughly performed in an impartial manner from 
the scientific point of view.
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Principles in the Legislation

The same set of basic welfare principles can be found in most of the regulations on the protection and care 
and use of research animals worldwide (Guillén 2014). The 3Rs are part of most regulations, although 
in different levels of explicitness. For example, in the United States principles such as the consideration 
of alternatives, minimization of pain and distress, qualification of personnel, and use of the minimum 
number of animals are embedded in the Animal Welfare Act (AWA 1966); the Public Health Service 
(PHS) Policy (OLAW 2002); the U.S. Government Principles for the Utilization and Care of Vertebrate 
Animals Used in Testing, Research, and Training (OLAW 2015); the Guide for the Care and Use of 
Laboratory Animals (Guide) (NAS 2011); and the Guide for the Care and Use of Agricultural Animals 
in Research and Teaching (Ag Guide) (FASS 2010). The legal framework in the European Union is 
more explicit in its Directive 2010/63/EU (European Parliament and Council of the European Union), 
where in addition to several articles developing some of these concepts, there is a full article focusing on 
the requirement to apply the 3R principles. The European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific Purposes, Council of Europe, European Treaty 
Series 123 (ETS 123) served as the first harmonization tool in Europe (Council of Europe 1986, 2006) 
and was adopted by the European Union and many countries of the Council of Europe. The convention 
includes all basic principles, and most of the standards for care and accommodation contained in its 
Appendix A (revised in 2007) were later partially adopted by Directive 2010/63/EU. The principles are 
not exclusive of the U.S. and European frameworks, but other regulations around the world apply them as 
well. For example, countries in Latin America (Brazil, Mexico, and Uruguay), or Asia (India, Singapore, 
and South Korea) have enacted legislation based on the same principles (see Chapter 7). Another con-
cept used, especially in some of the Asian countries, is the Five Freedoms (from hunger and thirst; from 
discomfort; from pain, injury, or disease; to express normal behavior; and from fear and distress), which 
was defined for the farm animal environment as early as in 1965 for the Farm Animal Welfare Council 
(Brambell 1965) and was later adapted for research animals (Mellor and Reid 1994). Unfortunately, there 
are a number of countries and geographical areas lacking specific legislation on research animals. It is 
in these areas where guidance provided by global and other professional organizations can play a more 
fundamental role serving as the main tool for harmonization.

Principles of Global Organizations

Several organizations that have global representation are contributing to the promotion of global prin-
ciples and harmonization of research animal welfare. The World Organization for Animal Health (OIE), 
representing 178 countries and territories, developed welfare standards for animals used in research and 
education that were included in the OIE Terrestrial Animal Health Code in 2012 (WHO 2012). This 
code refers explicitly to the 3Rs and describes standards according to these principles for the main areas 
of animal care and use. As an example of how the document follows a harmonization approach while 
respecting different options for methods of implementation, it states that “ethical review may be under-
taken by regional, national or local ethical review bodies or committees” considering impartiality and 
independence of evaluators, and indicates the minimum expertise needed for such body or committee.

The Council for International Organizations of Medical Sciences (CIOMS) and the International 
Council for Laboratory Animal Science (ICLAS) published the International Guiding Principles for 
Biomedical Research Involving Animals (CIOMS and ICLAS 2012). The principles also refer to the 
3Rs and address many of the same concepts as the OIE document. Principles shared between CIOMS/
ICLAS and the OIE include proposal for oversight of animal use (including ethical evaluation), assur-
ance of training and competency of personnel (all categories of personnel working with animals), pro-
vision of veterinary care (highlighting the important role of veterinarians), implementation of humane 
endpoints, and alleviation of pain and distress. The OIE document offers additional recommendations 
on the source of animals, physical facility and environmental conditions appropriate to the species, and 
good husbandry, with emphasis on animal behavior. Both documents share the harmonization concepts 
as described above for the OIE. CIOMS/ICLAS Principle X also acknowledges that “while implemen-
tation of these principles may vary from country to country according to cultural, economic, religious 
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and social factors, a system of animal use oversight that verifies commitment to the principles should be 
implemented in each country.”

Also, at a global level in the private sector, a number of pharmaceutical and biotechnology companies 
have established a not-for-profit organization named the International Consortium for Innovation and 
Quality in Pharmaceutical Development (IQ Consortium) (https://iqconsortium.org/), with the mission 
of advancing science and technology to augment the capability of member companies to develop trans-
formational solutions that benefit patients, regulators, and the broader research and development com-
munity. One of the actions undertaken by the IQ Consortium has been the promotion of the 3Rs. The IQ 
Consortium has launched, with the cooperation of AAALAC International, an annual global 3Rs award 
that recognizes significant innovative contributions toward the 3Rs of animal research to advance ethical 
science.

Role of Professional Associations

Under the umbrella provided by the legal frameworks and the global organizations, a number of profes-
sional associations help to advance the practical implementation of research animal welfare standards. 
These associations, whose members may include all types of personnel involved in research animal 
care and use, are typically organized nationally and/or regionally, and focus on the development and 
implementation of standards coming from international principles. Professional associations promote 
the education and training of personnel through scientific meetings, courses, online resources, or sci-
entific publications, and collaboration with government competent authorities for the establishment of 
regulations. They also educate the public on the benefits of animal research, how animals are provided 
with humane care, and the regulations protecting animals used in research. The American Association 
for Laboratory Animal Science (AALAS) (www.aalas.org), with more than 60 years of history, has 
provided one of the most powerful tools for the education and training of personnel within the United 
States, and its educational materials are available and used by the international research animal com-
munity. AALAS also publishes two of the most recognized scientific journals in the field: the Journal 
of the American Association for Laboratory Animal Science (JAALAS) and Comparative Medicine. 
The Canadian Council on Animal Care (CCAC) has also published guidelines on the training of per-
sonnel working with animals in science (CCAC 2015). In Europe, the Institute of Animal Technology 
(IAT) (http://www.iat.org.uk/), founded in 1950 in the United Kingdom, has played a leading role in 
the training of animal technologists, especially in the United Kingdom, although its training is also 
recognized in distant areas, such as South Africa. Also registered in the United Kingdom, Laboratory 
Animals Limited (LAL) (http://www.lal.org.uk/) is a charity whose aims are to promote education and 
training in laboratory animal science. LAL funds a variety of initiatives (such as bursaries for training) 
and publishes the journal Laboratory Animals, which is the official journal of several laboratory animal 
associations in Europe. Most of the national associations in Europe belong to the Federation of European 
Laboratory Animal Science Associations (FELASA) (www.felasa.eu). FELASA has published numer-
ous recommendations on a variety of areas (Guillén 2012), which are widely accepted, especially those 
concerning education and training, and animal health monitoring. FELASA plays a significant role in 
the establishment of the training schemes across Europe, as evidenced by the FELASA leadership of 
the recently created Education and Training Platform for Laboratory Animal Science (http://www.etplas 
.eu). One important step toward global harmonization was taken with the establishment of the AALAS-
FELASA liaison body that works in areas of mutual interest; several joint AALAS-FELASA working 
groups are producing recommendations that may be accepted on both sides of the Atlantic, includ-
ing those for health monitoring of rodents for animal transfer (Pritchett-Corning et al. 2014), harm–
benefit analysis (Brønstad et al. 2016; Laber et al. 2016), and animal transportation (in press). More 
recently, the Asian Federation of Laboratory Animal Science Associations (AFLAS) (http://www.aflas 
-office .org/), the Federation of South American Societies for Laboratory Animal Science (FESSACAL) 
(http://www.fessacal.com/), and the Federation of Hispanic Societies and Associations for Laboratory 
Animal Science of North America, Central America and Caribbean (FESAHANCCCAL) (http://www 
.fesahancccal.com) have started to improve communication, collaboration, and harmonization in their 
respective geographic areas.
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ICLAS is playing an important role in the harmonization of genetic and microbiological control thanks 
to the Genetic Monitoring Reference Program (http://iclas.org/animal-quality-network/iclas-genetic 
-monitoring-reference-program) and the Performance Evaluation Program for Diagnostic Laboratories 
(http://iclas.org/animal-quality-network/performance-evaluation-program-for-diagnostic-laboratories 
-pep), programs designed for self-assessment of the genetic background of strains and health diagnostic 
tools, respectively. Before the establishment of this Genetic Monitoring Reference Program, the ICLAS 
Working Group on Harmonization had already published guidelines on the production, care, and use of 
genetically altered animals (Turner et al. 2015).

At the laboratory animal medicine level, professionals have gathered in laboratory animal medi-
cine colleges in several geographical areas, such as America (American College of Laboratory Animal 
Medicine [ACLAM]; https://www.aclam.org/), Europe (European College of Laboratory Animal 
Medicine [ECLAM]; http://eslav-eclam.org/); Japan (Japanese College of Laboratory Animal Medicine 
[JCLAM]; http://plaza.umin.ac.jp/~jclam/_AAAAAA_/index.html), and South Korea (Korean College of 
Laboratory Animal Medicine [KCLAM]; http://www.kclam.org/), which together form the International 
Association of Colleges of Laboratory Animal Medicine (IACLAM) (http://www.iaclam.org/). IACLAM 
assists in achieving the shared objectives of all these laboratory animal medicine specialty organizations 
to promote the welfare and responsible use of laboratory animals through the certification of veterinary 
specialists, education, the dissemination of information relevant to the field, and serving as research part-
ners. IACLAM and ICLAS have also collaborated in the promotion of the 3Rs globally (Rose et al. 2013).

A unique tool for global harmonization is the accreditation program of AAALAC International (www 
.aaalac.org). This organization, with the contribution of independent professionals from North America, 
Europe, and the Pacific Rim (the Council on Accreditation), has accredited more than 950 animal care and 
use programs in 41 countries across the world, applying the standards of the Guide, the Ag Guide, and ETS 
123, which are considered the primary standards (http://www.aaalac.org/about/guidelines.cfm), and other 
guidance documents, considered reference resources (http://www.aaalac.org/accreditation/resources.cfm). 
The impact of AAALAC International on global harmonization is more significant since its spreading 
across the globe, and more especially in the Pacific Rim area, where in some countries regulations on the 
use of animals in research are not very strict. The accreditation establishes a common framework with the 
Guide as the baseline.

Why Harmonization Matters

Globalization of Science and the Core Ethical Principles 
That Result from Harmonization

Science and the scientific method are universal in the pursuit to understand our natural world. Biomedical 
science is the universal quest to understand and improve health and well-being. When science involves 
animals as human surrogates, there is an ethical imperative to minimize harm to animals and maximize 
the benefits of their use. This ethical imperative is as universal as the science itself. Scientists have gener-
ally agreed on the principles that comprise appropriate scientific methods, so it follows that the ethics of 
animal use in science also be comprised of universally held tenets to which all agree.

The conduct of science is done on an ever-increasing global scale, and it is logical to assume that the 
breadth and scope of the scientific enterprise will only increase. Scientific collaboration occurs unen-
cumbered by geography, culture, or politics, and this collaboration creates the need to consider a harmo-
nized approach to animal care and use to ensure a fundamental universal regard for research animals and 
their care. The need to harmonize standards for animal care and use in the overall scientific enterprise 
is for the benefit of animals and their welfare, but is also important to enhance the quality of scientific 
outcomes. In fact, recent concerns regarding the reproducibility of animal-based data have highlighted 
the need for high-quality, universal standards in study methods (Kilkenny et al. 2010). The animal 
component of research should not be a limiting factor in the universal application of sound scientific 
principles, so the evolving harmonization of ethical animal use has become an integral aspect of global 
science. The veracity of animal-based scientific data is essential, and harmonized standards of animal 
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care and use are an integral component of sound study design. Further, although the 3Rs do not spe-
cifically address harmonization per se, their consistent application in study design can result in a more 
harmonized approach, which results in benefits such as reduction in animal use. Törnqvist et al. (2014) 
report that coordinating projects within a company, coupled with increased collaboration among test 
sites, resulted in a significant reduction in the number of animals used. Although harmonized global 
principles of animal use ethics and the organizations that promote them are developing, there are inevi-
tably differences in how various countries and cultures implement these ethical principles. These differ-
ences in implementation are likely a necessary aspect to ensure their relevance and practicality. Yet, the 
fundamental tenets of ethical animal-based research translate across many boundaries:

• In the context of the scientific aims of the research, animal care and use programs must ensure 
animal well-being. An efficient, well-run program of animal care that is managed by well-
trained, competent personnel is of paramount importance. Harmonized standards augment 
quality performance by ensuring consistent, effective outcomes.

• Application of the 3Rs is essential, not only in study design but also throughout an effective and 
efficient animal care and use program (e.g., properly sized and managed breeding colonies that 
ensure that animals are not overproduced).

• In 1965, the concept of the Five Freedoms emerged from a report in the United Kingdom 
that considered five basic tenets of livestock welfare (Brambell 1965). Application of the Five 
Freedoms in research animal welfare remains important today; these are freedom from hunger 
or thirst; from discomfort; from pain, injury, or disease; to express normal behavior; and from 
fear and distress. These are essential aspects of sound animal care and use practices. Within 
the needs of the specific research, study design should uphold these principles and husbandry 
programs must ensure the Five Freedoms are met.

• Ensure animal use is justified based on sound scientific principles, using appropriate methodol-
ogy, and endorsed by a favorable harm–benefit analysis.

• When one of the basic tenets of ethical animal use cannot be met because of the scientific aims 
of the study (e.g., the study of pain), it is particularly important to conduct a rigorous harm–
benefit analysis. In such circumstances, a harmonized, team approach to animal care translates 
to better overall care, and minimization of animal pain and distress. A standardized approach 
to implementing humane endpoints is paramount in such studies.

Consideration and implementation of these basic tenets impacts all aspects of the animal care and use 
program and will form the framework for the husbandry and management program, the veterinary care 
program, the responsibilities and function of the animal care and use committee (or ethics committee 
or oversight body), and the design and function of animal facilities. Therefore, harmonizing animal care 
and use to the extent practical will lead to a more uniform and efficient standard of animal care that 
promotes animal welfare and high-quality science.

Operational Efficiency, Teamwork and High Standards, and Scientific Quality

Given that a more harmonized set of global standards is developing, institutions are increasingly con-
sidering the practical benefits of harmonizing animal care within the institution itself. In particular, 
institutions with large, diverse programs that may have many facilities in separate locations, and perhaps 
locations in several countries, have harmonized practices throughout the program. Even smaller animal 
care and use programs can benefit from institution-wide harmonized practices as they tend to provide a 
uniform high standard of care that offers several advantages.

Operational Efficiency

One of the main reasons institutions strive for harmonized animal care practices is to achieve oper-
ational efficiency. Several of the benefits of implementing harmonized methods of operation in the 
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animal care program include a streamlined personnel training and performance program, greater lati-
tude in the utilization of the workforce, streamlined use of equipment and supplies, standardized per-
formance expectations, help in creating a unified management team, and more accurate budgeting and 
cost control.

Teamwork and High Standards

In order for a diverse animal care and use program to become a harmonized program, a uniform con-
sensus about the appropriate standard of care must be established. Developing consensus brings together 
many stakeholders throughout the institution, which might include upper-level administration, facility 
operations management, animal caregivers, the Institutional Animal Care and Use Committee (IACUC) 
veterinary care personnel, and investigators. These stakeholders establish the institutional expectations 
of animal care that meet the appropriate regulatory guidelines, set any additional institution-specific 
guidelines, and agree on practices that meet requirements, and which are efficient and practical. This 
consensus-building process produces high standards of animal care that are clearly delineated, under-
stood, and consistently implemented.

Scientific Quality

At all times, but especially when scientific inquiry involves animals, it is imperative to ensure that studies 
are well designed, controlled, and well executed in order to minimize confounding variables that could 
jeopardize scientific outcomes. It is this fundamental aspect of animal-based research that provides the 
impetus for harmonization of the animal care and use program. Practices that are harmonized across 
the animal care program ensure a uniform standard of care that promotes quality science. All aspects 
of the husbandry program, animal environment and management, veterinary care, and physical plant 
should ensure the same level of care, irrespective of facility, staff, location, or specific program, within 
the institution. The implementation of a performance-based approach to animal care ensures a uniform 
standard of care while still allowing for a variety of methods to achieve the harmonized standard. Such 
a harmonized program allows greater collaboration among scientists and promotes accurate and reliable 
data that are more effective and impactful. When harmonized standards are employed, differences in 
scientific outcomes are more likely due to study variables, rather than confounding variables, thereby 
improving the accuracy of the science.

Strategies for Effective Harmonization

Engineering and Performance Standards

Engineering standards are usually found in the regulatory requirements, which specify both the char-
acteristics and technical details required in order to meet the standard. An engineering standard not 
only specifies what the standard or outcome must be, but also how it is achieved. Engineering standards 
dictate the methods that must be used in order to achieve the standard or outcome. The benefit of these 
standards is that they ensure a uniformity of methods across the animal program, or among different 
programs. It is usually straightforward to ensure that engineering standards are followed, as they tend 
to be very specific. However, engineering standards allow little or no flexibility in methods, which is 
sometimes helpful when implementing practices for unique programs.

Performance standards are designed to allow flexibility in methods while still ensuring that specific 
outcomes are achieved. Performance standards identify the specific goal, standard, or outcome that is 
expected, but do not specify how the goal is achieved, thereby allowing latitude about the best, most 
effective manner to meet the standard given the unique aspects of each program. A variety of methods 
might all result in an outcome that meets the specified goal or standard. The performance standard 
approach is a key element of the eighth edition of the Guide, which describes many specific outcomes 
that are necessary for appropriate animal care and use. Yet the Guide provides no information as to how 
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exactly those outcomes are attained. Three basic steps are required to ensure a performance standard is 
clearly identified and achievable:

• Identify a specific and precise definition of the standard.

• Establish the assessment criteria to determine that the standard is achieved.

• Develop and implement methods for ongoing evaluation.

An inherent part of establishing appropriate performance-based standards is the concept of profes-
sional judgment, or the collective judgment of a profession. Professional judgment must be an essential 
component of implementing performance-based methods to ensure that they satisfy relevant regulations 
or guidelines, are appropriate for the species and scientific aims, promote animal welfare or well-being, 
are tailored to the institution’s unique circumstances or needs, and are achievable and not overly burden-
some. Once a performance standard is identified, implemented, and validated, it should be uniformly 
followed throughout the animal care program to ensure an unvarying, harmonized approach to animal 
care and use.

Management Structure and Commitment

Harmonization within research institutions that have animal facilities in multiple, global locations can 
be especially challenging, due to differences in applicable animal welfare regulations, societal expec-
tations, and cultures. However, with visible commitment from the institution’s most senior leadership, 
institutions are able to set expectations and emphasize the importance of high animal welfare standards 
and a culture of caring across all sites, regardless of location. This is often accomplished in the form of 
an institutional policy that prioritizes and articulates the institution’s commitment to the humane treat-
ment of animals, consideration and implementation of the 3Rs, personnel training to ensure high-quality 
science and animal well-being, and compliance with applicable laws and regulations.

Global institutional oversight of animal welfare can be achieved through a management structure that 
includes the various stakeholders in the animal care and use programs at all locations. For example, some 
global institutions have formed animal welfare councils whose members have global responsibility for the 
scientific enterprise, animal care and facility operations, veterinary services, environmental and occupa-
tional health and safety, public relations, security, and legal concerns. These councils are often charged 
with identifying the overarching strategies and projects that support the institution’s policy to ensure and 
advance animal welfare. They are not intended, nor should they be expected to, replace the IACUCs or 
other equivalent oversight bodies, such as animal welfare bodies or ethics committees at each site.

Irrespective of the structure of the ethical review and oversight committee or the processes they use, 
the following activities must be effectively performed by the welfare councils to help ensure animal 
welfare:

• Providing oversight of animal care and use at their site

• Maintaining animal welfare compliance

• Helping to define global animal welfare standards

• Promoting the sharing of best practices among the sites

• Engaging and inspiring employee commitment to the 3Rs

• Ensuring that all animal use is fully justified

• Offering practical advice and support for refinements

• Providing clear communication channels among the stakeholders

Challenges of Harmonization

Although the existence of global principals mentioned above and the implementation of performance 
standards help harmonize many aspects of animal care and use, there are also a number of factors 
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that present challenges to harmonization. Perception of animals may vary in countries with different 
religious beliefs and traditions. When the most widespread religions were born, there was no animal 
research, so religions are adapting their tenets to the global principles of animal care and use (Pontifical 
Academy for Life 2004; Mehdi Naderi et al. 2012).

The level of societal concern regarding the use of animals for research also varies across geographi-
cal areas, and appears related to the history of animal research and the knowledge of it by society. 
More commonly, in areas with a longer tradition of animal research, societal concerns and influence 
are higher, resulting in stricter regulatory framework and institutional practices and control, thus chal-
lenging international harmonization. This challenge is intensified by the increase in research being con-
ducted in areas with less strict or underdeveloped animal protection regulations, probably caused by a 
general growth of the economy in these areas and also, in some cases, by pragmatic reasons due to the 
financial and legal facilities offered.

There are also a number of socioeconomic factors that impact animal welfare. Factors such as limited 
resources to acquire quality, purpose-bred animals; employ or train qualified professional staff; or pro-
vide adequate animal housing or caging systems, husbandry, and facilities create variation in the ability 
to harmonize standards across the animal care programs in different regions or countries. The challenge 
is posed by this variable context where institutions have to implement harmonized animal care and use 
programs, a context that makes careful planning and application of performance standards paramount 
to achieve harmonization.

Implementation of an Institutionally Harmonized Program

Effective global harmonization depends, in part, on achieving institutional agreement on the interpreta-
tion of global standards, such as the Guide. Institutional policies and guidelines can then be developed to 
document the institution’s expectations for various aspects of its animal care and use programs, regard-
less of location. The policies and guidelines must also allow for the differences in country-specific regu-
lations and flexibility in the application of site-specific procedures.

Harmonization of various aspects of the animal care and use program will help to provide consistency 
across sites and minimize variables during studies that may be conducted at more than one location. 
Activities that lend themselves to global harmonization can be broadly categorized into four areas: per-
sonnel management, animal care and veterinary medical management, animal welfare bodies (such as 
IACUCs), and facility operations. Some specific targets for harmonization include animal welfare train-
ing, use of personal protective equipment, biosecurity, rodent health monitoring, social housing, environ-
mental enrichment, acclimation to procedures and restraint, blood and dosing volumes and techniques, 
water quality testing, and heating, ventilation, and air-conditioning performance.

The harmonization process begins with identification of a standard of care for a particular activity or 
outcome for which there can be agreement across multiple sites, in the form of policies or guidelines. 
While the specific processes or method to achieve the standard may vary slightly from one site to the 
next, a guidance document can be developed to establish performance expectations and provide general 
direction for the activity.

As an illustration of this process, consider a large, global research institution that needs to harmonize 
expectations (or standards) for animal drinking water quality across all sites. The first step would be to 
form a working group with representatives knowledgeable about their site-specific water quality stan-
dards and testing practices, and with one or more subject matter experts. Members of the team might 
include veterinarians, facility managers, or environmental health and safety personnel. This project 
team’s first task would be to clarify and align their goals. Using this example, the team’s charter might 
look like this:

 1. Objective: Harmonize animal drinking water quality requirements across all sites

 2. Project scope

 a. In scope

 i. Harmonization of parameters tested
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 ii. Harmonization of criteria used to qualify acceptable tests

 iii. Harmonization of testing frequency

 b. Out of scope

 i. Water source (municipal or wells)

 ii. On-site water treatment (filters, ultraviolet light, chlorine)

 3. Deliverable: Publication of a global guideline for water quality standards

 4. Activities

 a. Collect information on current site practices for animal drinking water analysis

 b. Review relevant references

 c. Determine what parameters must be tested

 d. Determine the minimum standards for each parameter

 e. Determine minimum testing frequency

 5. Benefits by functional area

 a. Consistent water quality standards

 b. Meet animal welfare standards

 c. Minimize variables to support quality science

 6. Critical success factors: Engagement of the project team members and active participation in 
team meetings

 7. Stakeholders: Research operations, facilities management, veterinary services, and investiga-
tors at each site

The first project team activity is to collect baseline data from each site. In this example, each site 
would provide information on the water quality tests it conducts and the frequency of testing. A full test 
profile would likely include an assessment of heavy metals, organic and inorganic solvents, pesticides, 
and bacteria. Water analysis using the full test profile may be conducted once or twice a year, while 
microbial analysis may be done monthly, quarterly, or semiannually.

Next, the regulatory basis and standards for each site’s practices should be identified. The Guide states that 
animals should have access to potable, uncontaminated drinking water, but acknowledges that the definition 
of potable water can vary with locality. The Guide also recommends periodic testing for pH, hardness, and 
microbial or chemical contamination. In the United States, the Environmental Protection Agency establishes 
drinking water standards for human consumption, which can be used as the basis for testing animal drinking 
water. Many other countries and the World Health Organization have also established water quality standards.

Having collected the baseline data and reviewed the applicable references, the project team should 
then conduct a gap analysis. In this case study, factors they should examine include (1) the tests that are 
common to all sites, (2) the tests that are only done at certain sites and the rationale for those extra tests, 
(3) the frequency of testing, and (4) the various references cited. This gap analysis should drive discus-
sion leading to best practices and establishment of the parameters that must be tested to ensure water 
quality and the minimum standards for each parameter based on published references, and the minimum 
testing frequency. The exact methods or processes used to collect and test water quality are likely to dif-
fer somewhat from site to site, depending on the water source, how it is delivered to the site, the animal 
facility water distribution system, and the individual cage design.

Having made those decisions, the project team can draft a document that provides the guidance on 
testing water quality. This draft should be circulated to stakeholders for comment, and revised as needed. 
The final guidance document should be dated and a proposed review date provided, as standards and best 
practices may vary over time.

The final step is to implement training for those individuals who are responsible for the water analysis 
process at each site. Failure to provide adequate training will most likely result in failure to meet the 
internal guidelines established by the project team. Lack of training will also lead to inconsistent testing 
approaches across multiple sites. The goal of harmonization should be to minimize variables to support 
quality science, reliable data, and animal health and welfare.
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Summary

Globalization of science and animal use entails a universal approach to animal care to ensure qual-
ity, ethically based research. Efforts to globally harmonize standards for the humane care and use of 
research animals have been underway for some time, and there are a number of nations and profes-
sional organizations that strive to implement and promote these standards. In spite of significant cultural 
diversity and many other challenges across the globe, there are emerging regulations and guidelines that 
are recognized as important benchmarks in harmonization that employ core ethical principles that are 
universal. At the same time that global standards of animal care and use are developing, institutions 
are increasingly realizing the benefits of harmonizing standards across the entire animal care and use 
program itself. Implementing a harmonized approach to institutional animal care and use requires a 
performance-based system that allows flexibility in methods while still achieving appropriate, high-level 
standards. Strategies for institutional harmonization include identifying those practices that are appro-
priate to harmonize, defining their scope, determining outcomes, outlining specific activities needed to 
develop a harmonized goal, engaging the right project team members, and ensuring that all stakeholders 
are considered and valued. The benefits of such a process are clearly identified goals, streamlined effi-
ciency, cost-effectiveness, improved animal welfare, and quality science.
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Introduction

External peer review as a means for ensuring and advancing the welfare of animals used in scientific 
activities in research, teaching, testing, and production, and concomitantly the quality of science con-
ducted with animals, has been in existence for more than 50 years and is now widely accepted globally. 
Its proponents now encompass diverse audiences, including animal care and use professionals that pro-
vide the support systems for research animal activities; scientists using animals in exploratory research, 
testing, and teaching; organizations representing the interests of scientists, animal welfare, and the ben-
eficiaries of science; research administrators; and public officials charged with research animal over-
sight. In some instances, sponsoring organizations and entities have adopted the position that research 
programs must participate in the assessment and accreditation or certification process as a condition of 
receiving funding. However, in the vast majority of instances, organizations participating in assessment 
and accreditation programs are internally motivated to participate in a rigorous and objective external 
peer review process as a test of their program’s quality and to affirm their stewardship and ethical con-
sideration of research animal subjects.

As of 2016, there are two organizations recognized for their roles in the independent, expert, peer 
review assessment of research animal programs: AAALAC International, an assessment and accredita-
tion program with global participation, and the Canadian Council on Animal Care (CCAC), an inde-
pendent, nonprofit organization that assesses and certifies animal ethics and care in science programs in 
Canada, whose reference documents on topics in research animal care and use are also widely utilized 
in other countries.

History and Governance Structures for the AAALAC International 
Accreditation and CCAC Certification Programs

AAALAC International

During the expansion in biomedical research in the years following World War II, scientific research 
involving animals evolved quickly. Care of research animals was typically the exclusive domain and 
responsibility of individual researchers. However, in the 1950s and 1960s, the responsibility began to 
shift to the institution, as the size and complexity of research activities became more challenging. During 
this period, a small group of forward-thinking veterinarians from the Chicago area convened to share 
information on the care of laboratory animals so that their institutions could improve the conditions of 
the animals under their care to promote the validity of experimental results. These pioneers eventually 
founded a national organization known as the Animal Care Panel (ACP).

In 1950, the ACP began to meet annually, and by the end of the decade had taken the lead in develop-
ing standards for animal care and use and encouraging the education and certification of animal care 
and use professionals. In 1960, the ACP created the Animal Facilities Certification Board (AFCB) to 
develop a framework of professional standards in anticipation of eventually offering an accreditation 
program. Their work was greatly influenced by the publication of the Guide for Laboratory Animal 
Facilities and Care in 1963 (U.S. Public Health Service 1963), the forerunner of the Guide for the 
Care and Use of Laboratory Animals (hereinafter referred to as the Guide), which, in its eighth edition 
(ILAR 2011), remains a centerpiece of AAALAC International’s three primary standards (TPSs). The 
AFCB became the Animal Facilities Accreditation Board (AFAB), which formally proposed a volun-
tary accreditation process to help institutions achieve high standards for animal care and use. In 1964, 
a National Advisory Committee was convened with representatives from several influential scientific 
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and medical associations. This was a key factor in the future success of the accreditation program—
bringing scientists and researchers to the table to ensure that all interests were well represented in an 
endorsement of the AFAB’s findings. AAALAC International’s predecessor, the American Association 
for Assessment and Accreditation of Laboratory Animal Care, was finally established by the AFAB in 
1965 with 14 charter member organizations to guide its efforts. Remaining anchored in science today, 
AAALAC International continues to operate as an independent, nonprofit organization providing a vol-
untary, confidential, peer review accreditation program to promote animal welfare and improve the 
quality of research conducted with animals.

The governance structure of AAALAC International today reflects the diverse and robust involve-
ment of animal welfare organizations and scientific organizations globally. Each member organization 
appoints a representative to serve as a delegate to AAALAC International. The approximately 70 current 
organizations cluster into three general categories according to their interests: scientific associations 
whose members are actively engaged in animal research, veterinary specialty and interest groups and/or 
other professionals focused primarily on the care and welfare of research animals, and patient or industry 
and issue advocacy groups working to advance animal welfare in the conduct of science. The AAALAC 
Board of Directors (BOD) is vested with the responsibility for establishing the general rules and stan-
dards of accreditation and ensuring the effective and efficient operation of AAALAC International’s 
administration. The BOD also provides some oversight of the appointment of members of the AAALAC 
International Council on Accreditation (COA) and COA emeriti, who are charged with leading program 
evaluations, and of the COA’s decisions pertaining to accreditation outcomes. In the case of adverse 
accreditation outcomes (i.e., revoke or withhold accreditation), the AAALAC International BOD serves 
as the second-level appellate body. Other responsibilities of the AAALAC International BOD can be 
found in AAALAC International’s bylaws at AAALAC International (2016a).

CCAC

The phenomenal research growth period of the 1950s and 1960s also witnessed a growing public concern 
over the use of animals in Canadian science. The scientific community became increasingly aware that 
this was a sensitive issue that raised serious ethical questions, not the least of which was responsibility 
for animal ethics and care in science. In 1963, the Medical Research Council (MRC), now known as 
the Canadian Institutes of Health Research (CIHR), decided the matter warranted further study; the fol-
lowing year, it requested that the National Research Council (NRC) of Canada establish a committee to 
investigate the ethical oversight and humane care of experimental animals in Canada. The report of the 
Special Committee on the Care of Experimental Animals, published in 1966, recommended the creation 
of a voluntary control program exercised by scientists at each institution, subject to peer judgment and 
committed to implementing the guiding principles developed by an independent advisory organization 
(CCAC 2016a).

A feasibility study was undertaken in 1967, and as a result, universities and government departments 
performing animal-based scientific activities agreed to support the formation of the CCAC. Consequently, 
the CCAC was established in 1968 as a standing committee of the Association of Universities and 
Colleges of Canada (AUCC), now known as Universities Canada, until its incorporation as an indepen-
dent, nonprofit organization in 1982 (CCAC 2016a).

The CCAC is a registered not-for-profit organization responsible for establishing, maintaining, and 
overseeing the implementation of high standards for animal ethics and care in science throughout 
Canada (CCAC 2015). The CCAC’s mission is to ensure that animal-based science in Canada occurs 
only when necessary and that the animals in the studies receive optimal care according to high-quality, 
research-informed standards (CCAC 2015).

The CCAC’s mandate is to act in the interests of the Canadian people in advancing animal ethics and 
care in science by (CCAC 2015)

• Developing research-informed standards that incorporate expert opinion, the values of 
Canadians, and strategies to reduce the need for, and potential harm to, animals in science, 
while promoting their well-being
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• Encouraging the implementation of the highest standards of ethics and care for animals in sci-
ence in collaboration with the animal care community and scientists across Canada

• Administering assessment and certification programs that empower scientific institutions to 
achieve high standards of animal ethics and care

• Providing education, training, and networking opportunities to support individuals, animal 
care committees, and institutions

In Canada, animals studied in the wild, on farms, and in research facilities for scientific purposes are 
included in the CCAC’s mandate. The CCAC programs also cover animal-based scientific activities in 
research, teaching, testing, and production (of animals or biologics). All proposed animal-based activi-
ties must be clearly described in a protocol to be approved by an institutional animal care committee 
before the activity commences. Only if animals are an essential component will their involvement be 
permitted (CCAC 2016b).

In Canada, there is no federal legislation on the use of animals in science. Animal welfare is a pro-
vincial responsibility, as defined under the Canadian Constitution, and eight provinces refer to CCAC 
standards in their regulations (CCAC 2006, 2016c). The guidelines and policies established by the CCAC 
therefore serve as national reference standards.

The CCAC currently comprises 22 member organizations drawn from both the Canadian scientific 
and animal welfare communities. The diverse composition of these organizations reflects a wide range 
of interests, concerns, and objectives regarding animal-based science in Canada. Member organiza-
tions elect the CCAC board of directors, which is charged with providing direction for the organiza-
tion in accordance with CCAC’s mandate (CCAC 2016d). In the pursuit of this objective, the board 
of directors works in collaboration with four advisory standing committees (Standards, Assessment 
and Certification, Public Affairs and Communications, and Governance and Nominations) and is sup-
ported by the CCAC secretariat staff (CCAC 2016d). Committee members are selected from the rep-
resentative of member organizations, as well as from community representatives with complementary 
expertise. The purpose of the Standards Committee is to provide for the development and renewal of 
guidelines, policies, and evidence-based practices regarding animal ethics and care in research, teach-
ing, and testing (CCAC 2016e). The Assessment and Certification Committee oversees and supports the 
Assessment and Certification Program for animal-based research, teaching, and testing programs in 
academic, government, and private institutions. The committee provides for the development or renewal 
of policies related to the assessment and certification process of animal ethics and care programs and has 
oversight responsibilities on the appropriate implementation of these policies and guidelines by animal 
care committees across Canada. It also reviews reports and recommendations outcomes for assessment 
and certification of participating organizations (CCAC 2016e). The Public Affairs and Communications 
Committee promotes the CCAC’s role in advancing animal ethics and care in science. To achieve this 
purpose, it advises the board of directors on initiatives to increase public awareness of the CCAC, its 
mission, and its ongoing impact, and on the effectiveness of its communications with all its stakeholders 
(CCAC 2016e). The Governance and Nominations Committee advises the board of directors regarding 
policies; terms of references describing the purpose, structure, and functioning of committees and proj-
ects; and procedures that will guide the functioning of the board and its standing committees. It is also 
responsible for recruiting future members of the board, as well as committees, working groups, and task 
forces (CCAC 2016e).

The CCAC delivers its mandate through three complementary and mutually supportive programs: 
Standards Setting and Maintenance, Assessment and Certification, and Training and Networking (CCAC 
2016d). Thus, the system used by the CCAC integrates the delivery of these three types of programs 
under one organization. The Standards Setting and Maintenance Program is responsible for developing 
reference standards, promoting the principles of Russell and Burch’s three Rs (replacement, reduction, 
and refinement), achieving international harmonization, and establishing national and international cred-
ibility (CCAC 2016f). The Assessment and Certification Program serves as a quality assurance sys-
tem through the assessment and certification of animal-based research, teaching, and testing programs 
in individual institutions. It is peer based, and involves scientists, veterinarians, community represen-
tatives, administrators, and animal health technicians working together to ensure that animal-based 
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science activities are appropriate (CCAC 2016f). The Training and Networking Program provides oppor-
tunities and resources for members of CCAC-certified institutions to learn more about CCAC guidelines, 
policies, and evidence-based practices that underpin the ethics and care of animal-based science (CCAC 
2016g). Last, two service units (Public Affairs and Communications, and Operations) provide additional 
administrative support to these programs (CCAC 2016g).

The CCAC is financed by the CIHR and Natural Sciences and Engineering Research Council 
(NSERC), with additional contributions from federal science-based departments and agencies, as well as 
annual program participation fees paid by CCAC-certified institutions (CCAC 2016h).

Demographics of Programs Participating in AAALAC 
International Accreditation and CCAC Certification

As of 2016, AAALAC International’s accreditation program includes more than 950 accredited units 
in 40 countries, and has sustained an average annual growth in participating units of greater than 2% 
since 1990. The number of organizations accredited internationally began to climb in the late 1990s 
in response to AAALAC International’s active engagement of international participants as a strategic 
goal. International expansion has been especially marked in the past decade. AAALAC International 
had 45 accredited units outside of North America in 2005, surging to 255 by 2015. Participation among 
European countries has almost tripled during this interval (from 28 to 75), and in the Pacific Rim, it has 
increased more than 10-fold (from 14 to 149 accredited programs). During this same interval, the net 
gain in number of programs participating in accreditation from North America increased by only 50. In 
addition, since 2005 programs from 16 new countries have successfully entered the accreditation pro-
gram. Accreditation encompasses all types of organizations conducting animal-based scientific activi-
ties in research, teaching, testing, and production, which AAALAC International tracks by category. The 
most recent category profile for participating programs is given in Table 9.1.

In AAALAC International’s data from 2000, the percentage of commercial programs and the num-
ber of university programs (campus-wide and limited combined) were approximately equal, at 31% 
each. However, with the collaborative global commercialization of science and more frequent and rapid 
exchange of research animal data internationally in recent years, the impetus for the commercial sector 
to participate in AAALAC International accreditation has soared, as reflected in these data. Although 
participation in every sector of the industry has expanded since 2000, it is evident that growth potential 
for AAALAC International remains fertile across the globe.

The CCAC certifies Canadian-based institutions within three broad sectors: academia (i.e., research 
centers, colleges, and universities), governmental research and testing centers, and private organiza-
tions conducting research, testing, and production of animals or biologics for scientific purposes (CCAC 
2008). The size and complexity of institutional animal ethics and care programs vary widely, from small 
colleges limited to teaching programs to large universities with several affiliated research centers. The 
total number of CCAC-certified institutions has been increasing over the years. As an example, between 
2012 and 2015 there were between 167 and 198 CCAC-certified institutions (CCAC 2013, 2014, 2016i).

TABLE 9.1

Total Number of Accredited Units by Category (2015 Data)

Category Accredited Units % Accredited Units

Commercial 415 44

Government 128 14

Nonprofit 99 10

Hospital 44 5

University/campus-wide 145 15

University/limited 119 12

950 100



164 Management of Animal Care and Use Programs in Research, Education, and Testing

Other Quality Assurance Programs

Some programs involved in research animal care and use, particularly those involving animal production 
and/or commercial product development using animals, have pursued certification by the International 
Organization for Standardization (ISO) 9000 family of quality management systems standards to pro-
vide assurance to customers and other stakeholders that they are consistently meeting quality, statutory, 
and regulatory requirements related to their product (US TAG to ISO/TC 176 2015; Wikipedia 2016). 
Experts certified in the ISO 9000 process lead assessments focused on seven core management prin-
ciples. When ISO 9000 assessments are applied to research animal care and use activities, technical 
experts in research animal care and use assist assessors in assuring that in vivo outcomes and quality 
parameters provided by the organization meet regulatory and industry standards. However, the indi-
viduals conducting the actual site assessment submit their findings to a separate body that makes the 
determination if the site warrants certification. ISO certification has not attracted wide participation 
from the research animal industry, likely because most organizations have concluded that the excessive 
effort required to obtain and sustain certification does not substantially contribute to the delivery of 
high-quality animal care and use or meaningful animal welfare outcomes. For an anecdotal comparison, 
AAALAC International has published the reflections of individuals who have experience with both ISO 
9000 certification and AAALAC International accreditation (AAALAC International 2016b).

Standards Used in the Assessment and Certification 
Process: Selection and Application

AAALAC International’s Standards and Guidance

Programs participating in AAALAC International accreditation are expected to conform to all local, regional, 
national, and supranational laws and guidelines that are applicable to their operations, and to comply with 
recommendations of AAALAC International’s TPSs, as applicable to circumstances. These standards are

• The Guide for the Care and Use of Laboratory Animals, published by the NRC (ILAR 2011)

• The Guide for the Care and Use of Agricultural Animals in Research and Teaching (Ag Guide), 
published by the Federation of Animal Science Societies (FASS 2010)

• The European Convention for the Protection of Vertebrate Animals Used for Experimental 
and Other Scientific Purposes, by the Council of Europe (ETS 123) (Council of Europe 2016)

The adoption of these three documents by AAALAC International’s BOD as primary standards in 
2011 signifies the importance of these performance-based guidelines in the accreditation process. The 
Guide has been used by AAALAC International since the inception of the accreditation program as the 
overarching framework for the comprehensive assessment of participating research animal care and use 
programs. The scope of applicability of ETS 123 is limited to the member countries of the Council of 
Europe that have voluntarily ratified the convention, and thus is not a prevailing standard in the United 
States or other countries. The Ag Guide is a multiauthored document with more than 60 expert contribu-
tors and substantial international participation offering extensive and detailed guidelines on the care and 
use of animal subjects typically employed in agricultural or production research.

AAALAC International encourages institutions to make animal care and use determinations based 
on regulatory and funding requirements, overlaid with a performance approach that enhances animal 
welfare and quality science. Programs in countries with no underlying regulatory requirement may elect 
to adopt one or more of the TPSs. For example, ETS 123 and local guidelines may be used in programs 
located outside of Europe, and similarly, the Guide in programs located outside of the United States. In 
some situations, it may be useful to consider AAALAC International’s collation of performance stan-
dards from the Guide, Ag Guide, and Appendix A of ETS 123 to address particular programmatic needs. 
Each guidance document provides sound recommendations regarding housing environments and cage or 
pen space availability for a variety of species. As an example, since the Guide does not provide specific 
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recommendations on appropriate housing for ferrets, the excellent guidance provided in ETS 123 for this 
species could be useful for institutions in the United States and globally.

Since 1975, AAALAC International has also referred to other specialty publications to supplement the 
information within the TPSs regarding practices, procedures, or techniques that may be useful to address 
particular programmatic needs. These specialty publications are designated as reference resources and 
cover the following topics: general considerations, biosafety, education, euthanasia, animal health moni-
toring, occupational health and safety, research considerations, and species-specific information.

References included in this reference resources list have been formally reviewed and adopted by 
AAALAC International’s COA as guidance for accredited units. These texts may also be utilized by the 
AAALAC International site visitors and during COA deliberations when discussing issues identified during 
site visits. When applicable, reference-specific notes provide additional information on any exclusions or 
clarification in the reference. Prospective new reference resources are generally identified through review 
of the literature and/or policy documents performed regularly by members of the AAALAC International 
COA or BOD. However, AAALAC International invites the nomination of documents from all sources. 
AAALAC International’s reference resources can be reviewed in detail at AAALAC International (2016c).

AAALAC International’s Rules of Accreditation

AAALAC International operates the accreditation program according to the rules of accreditation that 
are established by its BOD. Organizations contemplating application for accreditation should thoroughly 
familiarize themselves with the rules (AAALAC International 2016d). The highlights of the nine sections 
of rules of accreditation are offered. Section 1 defines the types of animals included in the evaluation, 
the activity criteria that must be met by the unit seeking accreditation, and the administrative and orga-
nizational arrangements and alignment of authority that are compatible with eligibility for application. 
All animals used or to be used in research, teaching, or testing at accreditable units are to be included 
and evaluated in accordance with AAALAC International’s standards. This may include invertebrate 
species where they are relevant to the unit’s mission. Organizations seeking accreditation must have 
fully operational animal care and use programs functioning at a reasonable activity level in relation to 
the unit’s capacity for conducting research animal activities. Programs that do not have sufficient activity 
are ineligible for assessment or accreditation, and accredited programs that cease animal activities are 
required to notify AAALAC International and reinstate activities within 12 months to remain eligible for 
accreditation. Readers should consult Section 1 of the rules to understand how AAALAC International 
evaluates whether an institution is proposing an acceptably structured and demarcated accredited unit. 
Importantly, once an appropriate accreditable unit or program is defined, all the animals owned by that 
unit will be included as part of the program of research animal care and use in AAALAC International’s 
evaluation, regardless of the site of animal housing and use.

Section 2 of the rules describes the standards used in AAALAC International’s assessment and 
accreditation activities. A key provision is the requirement that accredited units submit an annual report 
updating the continuity and any changes within the program. In addition, accredited units are expected 
to promptly alert AAALAC International of any adverse events related to the animal care and use pro-
gram. These should include investigations performed by regulatory entities, as well as reports of serious 
incidents or concerns that negatively impacted animal well-being.

Section 3 of the rules establishes the fee requirements for participation in the accreditation program 
and provides for their routine periodic adjustment according to economic conditions. It also allows for 
the levy of supplemental charges to units involved in protracted accreditation evaluations resulting from 
programmatic deficiencies and correction efforts.

Section 4 of the rules concerns general information about site visits and site visitors. Site visits are 
typically conducted at 3-year intervals, although AAALAC International reserves the right to alter the 
interval to ensure animal welfare and the integrity of the accreditation program. Site visit teams comprise 
at least two site visitors, except in very special circumstances (e.g., a small or remote facility or activ-
ity); the lead visitor is a member of the COA or a COA emeritus (see Section 3 below), and assistants are 
selected from the pool of ad hoc consultants or specialists appointed by the COA. AAALAC International 
strives to avoid conflicts of interest in the assignment of site visitors; correspondence from the AAALAC 
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International administrative office to the accredited unit, as well as the unit’s site visit planning with the 
COA member, also engages the unit to ensure a fair and objective review. Similar provisions for avoiding 
conflicts of interest permeate all of AAALAC International’s practices through the rendering of a final 
accreditation decision. Site visitors’ COA may only conduct AAALAC International business following 
formal assignment by AAALAC International, and all materials utilized and findings identified during 
the site visit may not be disclosed to any person or agency accept AAALAC International. Strict confiden-
tiality is a cornerstone of AAALAC International’s contract with programs participating in accreditation.

Sections 5–7 of the rules encompass provisions for granting or denying accreditation, accreditation 
status and considerations for programs that are in less than full accreditation status, and the process for 
hearings and appeals if COA’s decision is to withhold or revoke accreditation. The topic of accreditation 
status is covered later in this chapter in some detail. However, it is important to note here that the rules 
provide for two levels of appeal when the COA declares a withhold or revoke action. Accredited units or 
new applicants for accreditation are given the opportunity to review the reasons for the COA’s denial of 
accreditation and have 30 days to file for an appeal hearing and/or submit material evidence to the COA 
on why the adverse decision is unjustified. Should the appeal to the COA be unsuccessful, the unit may 
then exercise a similar process and appeal the COA’s decision before the AAALAC International BOD.

AAALAC International’s Position Statements

In addition to the TPSs, AAALAC International has also promulgated several position statements to 
clarify key issues and highlight its interpretation and expectations for the treatment of certain topics 
within the TPSs. The topics addressed are deemed highly significant and impactful; nonconformance 
with these position statements generally precludes an institution from achieving full accreditation. Like 
any new accreditation standard, the position statements are developed collaboratively by the COA and 
BOD and are adopted by the BOD after a period of public circulation, comment, and revision if necessary.

Currently, AAALAC International has eight position statements, six of which have a bearing on 
accreditation decisions. The topics covered include defining the expectations of the attending veterinar-
ian and the program of veterinary care, standards for cage and pen space, attention to social housing, 
safety considerations for walk-in cage or rack washers and bulk sterilizers, and occupational health 
and safety and management considerations for Macacine herpesvirus 1. Two other position statements 
clarify AAALAC International’s use of the term laboratory animals and provide guidance to organiza-
tions involved with agricultural animals used in research and the selection of standards of care and use. 
The full position statements can be found at AAALAC International (2016d).

AAALAC International’s FAQs

AAALAC International offers responses to more than 50 frequently asked questions (FAQs) to provide 
organizations with an understanding of the applicability, nature, and administrative requirements of 
the assessment and accreditation process, and guidance on both general and specific topics pertaining 
to accreditation. New FAQs are added (or deleted) in response to AAALAC International’s adoption of 
new standards. Others may result from information gleaned during site visits or other communication 
from the accredited community suggesting that an interpretive summary of AAALAC International’s 
view might help organizations sharpen and expedite their approach to important areas of interest. For 
example, 15 new or revised FAQs were issued following the adoption of TPSs by AAALAC International 
in 2011. The summary of topics covered in the FAQs by broad category include AAALAC International’s 
assessment process; animals included in the AAALAC International accredited “unit”; institutional 
responsibilities; animal environment, housing, and management; veterinary medical care; physical plant; 
administration; the accreditation process; and maintaining accreditation. The FAQs can be found at 
AAALAC International (2016e), and some of these topics are discussed in other sections of this chapter.

As stated in AAALAC International’s rules of accreditation, “the accreditable unit shall observe any 
and all statutes and governmental regulations which bear upon animal care and use including, but not 
limited to, the prevailing standards of sanitation, health, labor and safety of the jurisdiction(s) in which 
it is located.” AAALAC International has no direct connection or affiliation with regulatory entities, nor 
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does it have any interest in functioning as an ersatz regulator. However, research animal welfare laws 
and regulations express the public and governmental expectations specific to the locality, and adher-
ence to these requirements is important for ethical, legal, and public relations reasons. For this reason, 
the AAALAC International site visit process includes review of the institution’s documents concerning 
regulatory interactions, and institutions are asked to confirm that corrective actions have been taken in 
instances of regulatory noncompliance.

AAALAC International’s accreditation findings are conveyed to organizations in the following con-
sistent format:

 1. What did the site visitors observe that indicated program quality was potentially compromised?

 2. Why is the finding regarded as a potentially negative and/or serious impact on the quality of 
the research animal care and use program, that is, which AAALAC International reference or 
standard is relevant?

 3. What is the organization expected to do to address the finding successfully?

The importance of the finding and the urgency and criticality of corrective actions required are com-
municated in the why and second what statements above through the use of the verbs must or should. This 
long-standing AAALAC International precedence has been modeled after the use of these terms in the 
Guide and is explained in the FAQ on this subject (AAALAC International 2016f). Given the fundamental 
importance of the recommendations in the Guide that are prefaced with a must, AAALAC International’s 
COA typically categorizes site visit findings that do not conform with a must statement in the Guide as 
mandatory items for correction. In AAALAC International’s parlance, a mandatory item is a serious devi-
ation from the recommendations of the Guide and/or other AAALAC International standards, which has 
to be corrected to achieve or continue full accreditation. This judgment is based on the COA’s assessment 
of the potential for the program deficiency to adversely affect the health, well-being, or safety of animals 
or humans. Other terms connoting the imperative to act are discussed in the FAQ referenced above.

Other findings identified by AAALAC International during the on-site assessments of animal care and 
use programs, and deliberated by COA in convened sessions, are considered “suggestions for improve-
ment” (SFIs). These are recommendations that the COA feels are desirable to enhance an already accept-
able or even commendable program. SFIs are used to draw attention to recommendations that are typically 
denoted as should statements in the Guide. AAALAC International considers the offering of SFIs to be 
an element of the peer review process that is designed to assist accredited programs and new applicants 
by sharing the cumulative knowledge and experience of the COA in light of contemporary literature. 
It should be noted that there is no obligation for institutions to make program changes based on SFIs; 
implementation of suggestions is, however, one means of promoting a high-quality animal care and use 
program. Also, an SFI does not automatically become a mandatory item for correction during the next site 
visit cycle if the same situation (procedure, practice, etc.) is observed. However, if an issue is identified 
that is a should statement in the Guide, but is one of numerous issues noted within the same program area 
that collectively signal a broader problem, then it may be included within a mandatory item for correction.

CCAC’s Standards and Guidance

In Canada, the guidelines and policies developed and established by the CCAC serve as national ref-
erence standards. Thus, the delivery of the CCAC’s mandate is based on guidelines and policies that 
provide clear guidance to institutional animal ethics and care programs. Assessments of institutional 
programs are also based on the CCAC guidelines, policies, and other relevant documents (CCAC 2016j).

CCAC Guidelines

The CCAC guidelines are intended to provide assistance implementing evidence-based practices to 
achieve Russell and Burch’s “three Rs” tenets for animal-based science (replacement, reduction, and 
refinement). Throughout CCAC guidelines, the terms should and must are also used. The term should 
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is used to indicate an obligation for which exceptions must be justified and approved by a properly con-
stituted animal care committee. The term must is used for mandatory requirements, for which no lower 
standard of practice could be accepted or where regulatory requirements are involved (CCAC 2016k).

Guidelines are developed and revised in response to the current and emerging needs of the research com-
munity, advances in animal care, and the needs of the Assessment and Certification Program. This process, 
overseen by the Standards Setting and Maintenance Program, is led by subcommittees of experts working to 
produce texts that are based on sound scientific evidence and expert opinion, and receive extensive peer and 
public review. Strong peer involvement ensures that guidelines are aligned with advances in science and ani-
mal care, nationally and internationally, and are suited to the needs of Canadian institutions and investigators 
(CCAC 2016l). The CCAC currently has guidelines pertaining to specific types of animals (farm animals, 
fish, laboratory animals, marine mammals, and wildlife), and others covering procedures or management 
(transgenic animals, procurement of animals, antibody production, endpoints, euthanasia, laboratory animal 
facilities, protocol review, and training of personnel). Typically, the animal category guidelines cover topics 
such as acquisition, transportation, handling and restraint, housing and husbandry, health care, procedures, 
euthanasia, facility design and management, and occupational health and safety (CCAC 2016k).

CCAC Policies

The CCAC publishes policies that establish the ground rules and basic requirements for the oversight of 
the institutional animal ethics and care programs within the Canadian system (CCAC 2016m). Policies 
can be grouped in three categories: (1) general policies for animal-based science (e.g., categories of inva-
siveness, and pedagogical merit of live animal–based teaching and training); (2) policies for institutional 
animal ethics and care programs (provide guidance for institutions’ administrators and animal care com-
mittees); and (3) policies governing the CCAC Assessment and Certification Program (provide guidance 
on the assessment and certification process).

Other CCAC-Recognized Standards

In addition to CCAC guidelines and policies, the following four distinct sets of documents are also used 
in CCAC assessments (CCAC 2016n):

 1. The Canadian Association for Laboratory Animal Medicine (CALAM) Standards of Veterinary 
Care

 2. The Codes of Practice for the Care and Handling of Farm Animals, published by the National 
Farm Animal Care COA

 3. The Canadian Biosafety Standards and Guidelines, Second Edition, published by the Public 
Health Agency of Canada and the Canadian Food Inspection Agency

 4. The Containment Standards for Facilities Handling Aquatic Animal Pathogens, First Edition, 
published by the Canadian Food Inspection Agency

Three Rs

The tenets of the three Rs are embedded in the conduct of animal-based science in Canada and are at 
the heart of all CCAC policies and guidelines. Resources for researchers, veterinarians, animal care 
staff, and animal care committees, such as the CCAC three Rs microsite (http://3rs.ccac.ca/en/), provide 
complementary information needed to fully implement the guidelines and to achieve high standards of 
animal welfare (CCAC 2016o).

Use of Local or National Laws in the Certification Process

As stated previously, there is no federal legislation in Canada regulating the use of animals in sci-
ence, as this is of provincial jurisdiction, as defined in the Canadian Constitution. Animal welfare and 
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animal-based science are provincial responsibilities, with the guidelines and policies set by the CCAC 
serving as national reference standards (CCAC 2006). The provincial legislations in eight Canadian 
provinces (Alberta, Manitoba, New Brunswick, Newfoundland and Labrador, Nova Scotia, Prince 
Edward Island, Quebec, and Saskatchewan) have been amended to directly reference CCAC standards. 
Ontario has its own Animals for Research Act and regulations (CCAC 2006, 2016c).

Institutions must follow provincial, federal, and municipal requirements (where applicable), and in 
particular those regarding occupational health and safety programs and the use of dangerous compounds 
when working with animals, including (CCAC 2008)

• The federal Health of Animals Act (http://laws-lois.justice.gc.ca/eng/acts/H-3.3/FullText.html), 
which governs the control of animal diseases and toxic substances

• The Workplace Hazardous Materials Information System (WHMIS) (http://hc-sc.gc.ca/ewh 
-semt/occup-travail/whmis-simdut/index-eng.php), which requires that each employer provide 
safe working conditions and that employees be informed about all hazards that they will face

• The federal Controlled Drugs and Substances Act and its related regulations (http://laws-lois 
.justice.gc.ca/eng/acts/C-38.8/FullText.html), which governs the use of narcotics and other con-
trolled substances

• Federal regulations for the use of radioactive material

• Provincial occupational health and safety acts for the use of x-rays

Professionals and Professionalism Involved in Conducting 
Assessment and Certification Visits

AAALAC International’s Professionals on the Site Visit Team

AAALAC International has more than 450 volunteer professionals who are eligible to participate on 
the teams conducting the assessment and accreditation site visits. These individuals are not employees 
of AAALAC International, but have been selected through a competitive process and represent a broad 
spectrum of backgrounds and expertise. The general criteria for selection include educational, profes-
sional, and scholarly accomplishments; a strong understanding of pertinent aspects of animal care and 
use programs; and a demonstrated ability to interact professionally and independently with integrity, 
objectivity, neutrality, and collegiality. The professionals involved in AAALAC International site visits 
fall into two general categories: COA members or COA emeritus members and ad hoc consultants and 
specialists.

COA members or COA emeriti are the individuals that lead AAALAC International site visit teams, 
and site visits are not conducted without their participation. The COA members are individuals that 
have distinguished themselves during their volunteer service to AAALAC International as ad hoc con-
sultants and specialists based on standard criteria used by the COA site visit team leaders to assess the 
performance of the team. As the size of the COA expands or COA members complete their term limits 
or resign, a COA nominating committee selects a pool of top candidates among the ad hoc consultants 
and specialists for a competitive election of new COA members. Newly elected COA members must 
then be ratified by the AAALAC International BOD. As of 2016, the COA consisted of 63 members 
who can serve a maximum of four 3-year terms (12 years total). Of the current 63 COA members, 9 are 
nonveterinarians with a doctoral degree in another specialty area of science or medicine. The remain-
ing individuals predominantly have a doctoral degree in veterinary medicine, and many also have other 
clinical certifications or advanced scientific degrees. There is usually some turnover on the COA mem-
bership annually, allowing the selection of new members and enabling the COA to alter its expertise and 
composition according to needs within the accredited community.

Due to the high workload of the COA, AAALAC International developed a program to retain COA 
emeritus members as site visit leaders. The program has evolved over time, and the COA emeriti must 
meet defined criteria in contemporary site visit experience and continuing education, are subject to 
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competitive term reappointment, and have limited terms. COA emeriti serve as the team leaders of the 
site visits they are assigned. They also work in collaboration with a partner on the current COA and par-
ticipate in the COA deliberations on the accreditation status of the units they have site visited. There are 
currently 28 COA emeriti supporting the AAALAC International accreditation program.

AAALAC International has a pool of ad hoc consultants and specialists from which the COA and 
COA emeritus team leaders can choose to assemble a professional team with an array of talent comple-
menting the needs of the organization being visited. There are currently approximately 363 ad hoc con-
sultants and specialists participating in AAALAC International’s peer review activities, representing a 
majority of the 43 countries with AAALAC International accredited programs. This pool is composed 
of approximately 250 veterinarians, 133 other doctorates, 18 individuals who are certified professional 
Institutional Animal Care and Use Committee (IACUC) administrators, and 10 who are certified man-
agers of animal resources qualified. The consultant designation connotes an individual with extensive 
general qualifications, whereas a specialist designates an individual with demonstrated expertise in a 
specific area that may be especially helpful for the review of programs encompassing that interest. Ad 
hoc consultants and specialists also have term appointments and limits. Due to the size of this pool, 
many positions typically turn over or are reappointed annually in a competitive process. Those interested 
in learning more about applying for consideration as an ad hoc consultant or specialist should consult the 
AAALAC International website at AAALAC International (2016g).

CCAC’s Professionals on the Assessment Site Visit Team

Visits to institutions participating in CCAC programs are conducted by an assessment panel. The panels 
for regular assessment visits are composed of a (CCAC 1999, 2006, 2016p)

• Community representative

• Scientist

• Veterinarian

• CCAC associate director of assessment (ADA), as an ex officio member

Assessment panels are an integral part of the CCAC Assessment and Certification Program. The 
CCAC ADA, present at every assessment visit as an ex officio member, serves as a steward of the assess-
ment process to ensure consistency. The ADA organizes the visit, selects panel members, works to 
ensure consistency between panels, and assists panel members in undertaking their duties, in clarifying 
issues, and in formulating recommendations.

Other panel members are volunteers, selected for their experience and ability to be actively involved 
in the process, and to communicate clearly and constructively with their peers on the panel and with 
representatives of the institution to be assessed. One of the members is identified as the panel chair, 
generally a scientist or a veterinarian; the chair leads discussions and works toward achieving consensus 
among the panel members.

The community representative is generally selected from a humane society in the local area of the 
institution or from the pool of community representatives on local animal care committees (other than 
the committees of the institution to be visited), in order to provide a local, public perspective. It allows 
members of the public to be involved in the ethical decision-making process regarding animal-based 
research, provide scientific institutions and the CCAC with an external perspective, and furnish a means 
of identifying and addressing public concerns.

The scientific representative of the panel is selected according to his or her expertise with reference 
to the nature of the research, teaching, or testing at the institution to be assessed. The veterinarian, who 
has expertise in experimental animal medicine, is also selected according to his or her specific expertise 
and experience.

The role of an assessment panel is to review all aspects of the animal-based research, teaching, and 
testing programs within an institution; to assess the procedures and facilities used in the implementation 
of animal-based programs; and to note and comment on any matters that may not be in accord with the 
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CCAC’s guidelines and policies. They also promote implementation of high standards of animal ethics 
and care, which have been defined by peers through CCAC guidelines and policies. Panel members act 
as unbiased, informed advisors to the institution, not as inspectors.

Components of the Assessment, Accreditation, and Certification Processes

Preparing for an AAALAC International Site Visit

Organizations can determine if their programs are eligible to participate in accreditation by reviewing 
the “rules of accreditation” available online at AAALAC International (2016d). Eligible institutions 
may request an application package from the AAALAC International office, or download one from 
AAALAC International’s website. The application begins with a two-page “application for accredita-
tion” form that collects information on an institution’s key contacts and other administrative information 
(AAALAC International 2016h). The application also contains instructions aiding preparation of the 
program description (PD), the key document used by AAALAC International’s COA to evaluate an ani-
mal care and use program. Other information in the package guides the prospective applicant to the TPSs 
used by the COA to evaluate programs, a number of international guidelines, and a list of additional 
resources that may be used during the assessment process as appropriate to the location of the program 
(AAALAC International 2016c).

Organizations seeking and maintaining accreditation must pay a one-time application fee and subse-
quent annual fees. Both of these fees are based on a sliding scale that generally correlates with the size 
of an institution’s animal facility or facilities. AAALAC International determines the group classifica-
tion during the review of the application. The fee schedule, established and approved by the AAALAC 
International BOD, may be amended as necessary to reflect the costs of operating the accreditation 
program. Revocation of accreditation is automatic if a unit is 12 months in arrears for payment of fees. 
Refer to the fee schedule at AAALAC International (2016i).

The PD is a critical document for AAALAC International’s COA to review an institution’s animal care 
and use program. In addition, the effort, engagement, integration, and teamwork required by the institu-
tion to create this comprehensive and detailed document may help the institution identify and address 
weaknesses, resulting in enhanced animal well-being and improved conditions for sound science from 
research animal studies. The narrative portion of the PD addresses the following broad areas:

• Animal care and use program

• Animal environment, housing, and management

• Veterinary care

• Physical plant

AAALAC International provides a template that guides the institution through the creation of the 
PD. In addition to the narrative portion of the PD, appendices are used for the collection of other infor-
mation vital to AAALAC International’s evaluation. The PD must be submitted in English, with the 
exception of some appendices. Full information on the preparation of a PD is available at AAALAC 
International (2016j).

Completed application packages undergo administrative review to ensure that applicant programs 
meet the criteria listed in the rules of accreditation. Based on the information in the PD and correspon-
dence from the applicant program, a site visit team, made up of two or more AAALAC International 
COA members and ad hoc consultants or specialists, is assigned to conduct the review. The AAALAC 
International office provides the applicant with the names and affiliations of the site visit team members. 
This permits identification of potential conflicts of interest not previously detected during the site visitor 
assignment process. The COA member contacts the organization to schedule the visit at their discretion 
at a mutually agreeable time.

AAALAC International’s accreditation program is strictly confidential. Site visit teams and the 
AAALAC International office manage all institutional information accordingly, which obviates a need 
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for any additional confidentiality agreements with participating programs. However, if an organization 
believes an additional confidentiality agreement is required, this must be submitted to the AAALAC 
International corporate office for review.

AAALAC International Site Visit Process

Typically, the site visit team meets the evening before the site visit to discuss the institution’s PD, results 
of the previous site visit, and any other issues related to the visit. The site visit leader will answer any 
questions that other site visitors may have about conduct of the site visit, and describe how the site visit 
will proceed. Site visits begin with an “in-briefing,” during which institutional representatives meet 
with the site visit team to discuss the accreditation process. After the in-briefing, the site visit team 
interacts with a smaller group from the institution composed of key personnel (e.g., attending veteri-
narian, IACUC chair and/or administrator, facility managers, physical plant personnel, and health and 
safety personnel), and others deemed helpful by the institution to review and clarify any aspects of the 
PD, as required. Although the site visit team thoroughly reviews the PD before the visit, this gives the 
team members an opportunity to ask specific questions or request additional documents to ensure their 
understanding of the program.

Following completion of the PD review, the site team conducts a tour of the animal facilities inclusive 
of animal support areas, outdoor acreage if applicable, and at least a representative sample of labora-
tories used in animal care and use activities. This review may take as little as a few hours in a very 
small program to several days in larger programs with more complex research missions or disseminated 
facilities. Generally, site visitors work in two-person teams throughout this process; however, visitors 
occasionally split to review multiple rooms containing the same species housed under standardized con-
ditions to increase site visit efficiency. Site visitors may also occasionally employ virtual technology to 
accomplish the review, for example, mobile video applications, of remote animal facilities.

Site visitors also typically reserve a time dedicated to a discussion with the members of the IACUC or 
comparable oversight body to learn more about pertinent IACUC issues and exchange information about 
the AAALAC International accreditation process. Traditionally, this meeting is held over a lunch break 
to promote conversation and enhance the efficiency of the visit. Based on the PD review, discussions with 
the IACUC, and observations of the site visit team during the facilities and laboratory tour, the team may 
request additional information on specific protocols or procedures. This enables the site visitors to evalu-
ate the soundness and consistency of protocol review practices and ensure that studies were performed 
according to the conditions of protocol approval with satisfactory animal care and use outcomes.

At the conclusion of the facility and laboratory review, the site visit team meets alone in an “execu-
tive session.” During this session, they typically review previously requested documents and may wish 
to have additional information at their disposal to address aspects of the program about which they still 
have questions. During this session, they discuss their observations and decide what information should 
be communicated at the conclusion of the visit.

Finally, an “exit briefing” is held for the institution’s representatives and any others, as deemed appro-
priate by the institution’s leadership. During the briefing, the team leader shares the key findings, includ-
ing both commendations and issues of concern, and conveys what the team intends to recommend to 
the COA regarding the institution’s accreditation status. This phase of the visit continues to afford the 
institution opportunity to correct any misperceptions or factual errors that the site visit team may have. 
Following the visit, the site visitors document their findings and recommendations in an official site visit 
report, which is used in the COA deliberations on accreditation status. It is important to note that regard-
less of the experience of the site visitors and their efforts to construct a collegial, lucid, and insightful 
exit briefing, the recommendations offered during the exit briefing are only preliminary. Site visitors 
should affirm that issues discussed during the exit briefing, including their expected categorization as 
“mandatory findings” or SFIs, represent their preliminary judgment. The COA reserves the author-
ity and responsibility for the site visit outcome, including any specific findings. Therefore, in response 
to these tentative findings highlighted by an AAALAC International site visit team, organizations are 
encouraged to only make program or facility changes based on their own evaluation of and concurrence 
with the basis of the team’s findings. AAALAC International discourages organizations from making 
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large financial expenditures to address any findings until receiving the final letter from AAALAC 
International containing the COA’s decision following deliberation.

Institutions are invited to formally respond to the site visit team’s initial findings through what is 
called “post–site visit communication” (PSVC). The PSVC is a letter and accompanying documentation 
that are submitted to address any misperceptions, or explain how the institution has already responded 
to concerns raised during the exit briefing. PSVC should provide a direct, cogent, definitive, and well-
documented response to a finding; correspondence explaining partial and preliminary actions or proffer-
ing nonspecific approaches to later resolution of problems should be avoided. Additional details on the 
exit briefing and the PSVC process are available at AAALAC International (2016k).

COA Process for Evaluation and Conferral of Accreditation Status

The COA makes all final decisions regarding accreditation. The COA meets three times a year (January, 
May, and September) to consider site visits from the preceding trimester. Prior to the meeting, at least four 
additional COA members not present at the site visit review and comment on the site visit report. During the 
COA deliberations, the COA member who led the site visit describes the institution’s program, shares the 
site visit team’s observations, and presents the institution’s perspective on findings under discussion or dis-
pute. In the ensuing discussions, AAALAC International uses the performance standards approach of the 
Guide in its assessments. The COA members evaluate whether institutions are achieving specified program 
outcomes (e.g., adequate sanitation), without being prescriptive regarding the exact manner in which to 
achieve the outcome or goal (e.g., frequency or methods used for sanitation). While engineering standards 
specify in detail a method or technique for achieving a desired outcome, they do not provide for interpreta-
tion or modification of the technique should an alternative be deemed equally acceptable. Alternatively, 
performance standards define the outcome in detail and provide measurable criteria for assessing whether 
the outcome is achieved. For more details on AAALAC International’s use and endorsement of perfor-
mance standards, see AAALAC International (2016l). Based on the COA’s discussions, a letter is drafted 
that explains the accreditation status. After the COA meeting, the letter is further reviewed, edited, and 
approved by members of the COA leadership and AAALAC International staff. In most instances, this 
allows official notification of accreditation status within 4–8 weeks of the COA meeting.

There are a number of different categories of accreditation status that are described in more detail at 
AAALAC International (2016m). Briefly, new applicants for accreditation are originally accredited only 
when designated award full accreditation or award full accreditation with conditions. A condition is a 
finding that requires corrective action but for which implementation is underway on a defined, easily 
achievable timetable. New applications that are awarded provisional status must correct a mandatory 
finding within a 24-month time limit to be considered accredited. Withhold accreditation is awarded to 
programs with more mandatory corrections required than can be reasonably achieved. Therefore, these 
programs must reapply for consideration in the accreditation program.

Following subsequent triennial reviews of accredited programs, the optimal outcome is an award of 
continued full accreditation. Programs that have mandatory findings, depending on the severity and 
complexity of the findings, are awarded either deferred accreditation or probation; deferred accreditation 
entails a simpler, less resource-demanding corrective action, and probation involves a more complicated 
and potentially costlier organizational response. In both cases, the organization is still accredited, but the 
mandated corrections must be completed within a specified time frame to attain continued full accredi-
tation. If they are not, the programs may proceed to an action of revoke accreditation. In the revoke 
accreditation status, organizations remain accredited through two levels of appeal, first to the COA and 
then to the BOD, after which they are removed from accreditation or restored to more favorable status if 
substantial, definitive progress on mandatory items has been achieved.

AAALAC International’s Program Status Evaluation Program

AAALAC International offers a confidential Program Status Evaluation (PSE) review that helps assess 
the quality of all aspects of an animal research program, including animal husbandry, veterinary 
care, institutional policies, and the facilities where animals are housed and used. The decision to offer 
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assessment services (in addition to the accreditation program) was prompted by a number of requests 
from nonaccredited institutions for a “pre–AAALAC International site visit.” These institutions, par-
ticularly those outside of the United States, are typically less familiar with the accreditation process and 
want to find out how their programs compare with AAALAC International standards—before participat-
ing in the formal accreditation program.

The objective of the PSE service is twofold. First, it is meant to assist institutions by identifying weak-
nesses and suggesting ways to improve or correct them. Second, it is meant to familiarize institutions 
with the AAALAC International accreditation process and encourage them to participate. Therefore, 
the PSE is conducted in a style mimicking a regular AAALAC International site visit, although led 
by a senior member of the AAALAC International staff, accompanied by covisitors who are former 
members of the COA. The other salient hallmark of a PSE is that the recommendations for correcting 
programmatic deficiencies are consultative in nature, providing the organization with directions on the 
path forward. The occurrence and outcome of the PSE visit are unknown to the COA in the event that 
the institution subsequently applies for accreditation. More information about AAALAC International’s 
PSE program may be found at AAALAC International (2016n).

CCAC Assessment Process

The various types of assessment visits use the CCAC guidelines, policies, and associated documents 
when conducting an assessment of the structure and resources of the animal ethics and care program; 
the composition, functioning, and effectiveness of the animal care committee; and the appropriateness 
of animal care, animal-based practices, procedures, and facilities (CCAC 2016q).

• Orientation visits are scheduled for institutions wishing to join the CCAC program. They are 
conducted by an ADA (CCAC 2016r).

• Regular assessment visits are conducted by assessment panels of peers for institutions that have 
already joined the CCAC program. These visits are conducted every 6 years (CCAC 2016q).

• Interim assessment visits are scheduled between full visits, 3 years after the regular visit. 
Interim visits are conducted by an ADA (either alone or with a peer reviewer) (CCAC 2016q).

• Special visits to an institution may be undertaken between assessments if conditions at an insti-
tution warrant it, or following a request by the institution. Special visits are generally conducted 
by an ADA without a panel (CCAC 2016q). For example, the Assessment and Certification 
Committee could request an ADA to visit an institution in probation to assess the progress 
made in addressing issues. An institution could request a special visit prior to an assessment to 
verify that a new or renovated animal facility meets the CCAC guidelines.

Institutions that are assessed and certified by the CCAC must pay an annual program participation fee. 
The CCAC secretariat ensures that the institution to be visited remains in good standing with regard to 
its annual fees.

Preparing for the CCAC Visit

The CCAC contacts an institution approximately 3–6 months prior to a visit to confirm the date of the 
visit. Once an assessment visit by the CCAC is confirmed with the institution, the ADA selects panel 
members, and the CCAC secretariat forwards all relevant forms and documents (also available on the 
CCAC website) to be completed and submitted to the CCAC prior to the visit. Those documents are 
(CCAC 2016s)

• Agenda of visit: Two months before the visit, an agenda drafted by the institution is sent to the 
ADA. Assessment visits may be scheduled for one or more days, depending on the size of the 
institution’s program. The agenda may be modified to accommodate institutional or CCAC 
needs (CCAC 2016t).
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• Animal ethics and care program review form (PRF): Three to four weeks before the assess-
ment visit, the PRF is sent to the CCAC secretariat and the panel members by the institution 
to be assessed. The PRF allows the institution to review its own program thoroughly and to 
provide details on aspects of its animal ethics and care program to the CCAC assessment 
panel members selected for the visit. The PRF includes seven sections (and appendices) 
covering the different aspects of the animal ethics and care program: (1) general informa-
tion about the program, activities involving animals, and species of animals; (2) animal 
care committee functioning; (3) animal use protocol forms; (4) veterinary or animal care 
program; (5) continuing education and training for veterinary and care personnel and users, 
occupational health and safety, and crisis management; (6) animal facilities; and (7) sum-
mary, which includes a description of the strengths and weaknesses of the program based 
on the institution self-review. The PRF is used as the basis for all assessments by CCAC 
panels (CCAC 2016u).

Panel members prepare for the assessment visit by reviewing all relevant preassessment documenta-
tion, which includes the agenda, the PRF, and oftentimes the assessment and implementation reports 
from the previous visit, and familiarizing themselves with pertinent CCAC policies and guidelines 
(CCAC 2006, 2016v).

A preassessment meeting of panel members is held prior to the visit (often the evening before the visit), 
to review the goals of the assessment, the institution’s preassessment documentation, the results of the 
previous assessment visit, and any other issues related to the visit. The panel chair and ADA use this time 
to answer any questions that the panel members may have, and to build consensus on how the assessment 
panel will function and how the assessment will take place. If needed, a list of specific animal-based 
protocols or standard operating procedures (SOPs) that panel members want to review, or specific scien-
tists or teachers that they would like to meet during the assessment, are prepared and identified during 
the preassessment meeting (CCAC 1999, 2006, 2016v).

CCAC Site Visit Process

The following is an overview of the elements of a typical, 1-day assessment visit (CCAC 1999, 2016w):

• Initial meeting with CCAC panel and institutional representatives, including the animal care 
committee

• Review of protocols and SOPs

• Tour of any animal facilities

• Panel meeting in camera

• Summary meeting with institutional representatives

A visit typically starts with an initial meeting to briefly describe the program and to complete a thor-
ough review of the institution’s animal ethics and care program, focusing on the structure and adminis-
tration of the program, animal care committee function, veterinary and animal care services, continuing 
education and training, and occupational health and safety. The agenda of the initial meeting is generally 
as follows (CCAC 1999, 2006):

• Welcome from the senior administration of the institution and presentation of the institutional 
animal ethics and care program, including any significant changes or plans since the previous 
assessment and for the foreseeable future

• Update on the CCAC program from the ADA, and introduction of the panel members

• Questions by the panel on the structure and administration of the animal ethics and care pro-
gram, and then on the PRF, as completed by the institution

• Concerns of the institution (e.g., regarding animal care or CCAC programs)
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Upon their arrival at the institution, CCAC assessment panel members request a few selected animal 
research protocols, with associated correspondence (complete protocol files), SOPs, and other relevant 
documents, to review following the initial meeting.

During the site visit, the panel members tour the animal facilities, including animal holding rooms, 
procedure rooms (which may include investigators’ laboratories), and support areas (washing areas, 
storage areas, etc.). The panel may be accompanied by the chair of the animal care committee, senior 
veterinary and/or animal care representatives, and/or other animal care committee or institutional 
representatives. It is expected that as many investigators, study directors, course instructors, and 
caretakers as possible are available to meet with the assessment panel during the tour of the facilities 
(CCAC 1999, 2006).

Following the site visit, and prior to the final meeting with institutional representatives, the assess-
ment panel meets (in camera) to discuss any concerns resulting from the visit, prepare a summary of the 
institution’s strengths and weaknesses, and finalize the recommendations and commendations that will 
be presented verbally at the final meeting (CCAC 1999, 2006).

During the summary meeting with the institutional animal care committee and administrative repre-
sentatives, the assessment panel verbally presents a summary of its observations, commendations, and 
preliminary recommendations by priority. All recommendations and commendations are contained in 
the final written report sent to the institution after the visit. The final meeting also provides an oppor-
tunity for institutional representatives to discuss with the panel members the most appropriate means to 
address any concerns raised (CCAC 2006).

CCAC Process for Evaluation and Conferral of Certification Status

Following the assessment visit to an institution, the CCAC ADA, in collaboration with the assessment 
panel members, prepares a detailed report of the visit based on the panel’s analysis of information from 
the PRF and other relevant documents provided by the institution, and the panel’s findings during the 
visit (CCAC 2016x).

This draft report is then circulated electronically to the panel members and to the members of the 
CCAC Assessment and Certification Committee for comments and approval. Once the assessment report 
is finalized, it is forwarded to the senior administrator responsible for the institution’s animal ethics and 
care program, usually within 10 weeks of the assessment visit. Assessment reports support institutions 
in achieving good practices in animal ethics and care, highlight strengths and weaknesses of institu-
tional programs, identify deficiencies, and where necessary, include recommendations to help institu-
tions improve their animal ethics and care program and meet CCAC guidelines and policies (CCAC 
2006, 2016x). Excellent conditions, practices, or personnel are recognized in formal commendations 
(CCAC 2016x,y).

Recommendations are categorized as follows (CCAC 2016y):

• Major: An immediate and significant threat to animal health or welfare found during a CCAC 
visit for which the institution must take immediate appropriate action. Failure to take such action 
will result in the removal of the institution’s CCAC Certificate of Good Animal Practice® (GAP).

• Serious: Significant or long-standing weaknesses in the animal ethics and care program. The 
measures taken and planned in response to these recommendations must be provided to the 
CCAC, typically within 3 months of the institution receiving the written recommendations.

• Regular: Other weaknesses in the animal ethics and care program. The measures taken and 
planned in response to these recommendations must be provided to the CCAC within 6 months 
of the institution receiving the written recommendations.

• Commendatory: Excellent conditions, practices, or personnel in an animal ethics and care program.

Answers to the recommendations are reviewed by the ADA, panel members, and the Assessment 
and Certification Committee. Answers must be satisfactory in order for the institution to be certified 
(CCAC 2016x).
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Two types of certificates can be awarded by the CCAC following an assessment: CCAC Certificate of 
GAP and CCAC Probationary Certificate of GAP. A CCAC Certificate of GAP is issued to institutions 
that have been found by the panel and by the CCAC Assessment and Certification Committee to have an 
animal-based research, teaching, or testing program in compliance with CCAC guidelines and policies. 
A Probationary Certificate of GAP is issued to (1) institutions having significant, unresolved deficiencies 
in their animal ethics and care program, or (2) new institutions joining the program (see below). The 
CCAC Certificate of GAP is valid for a period of 3 years, whereas the probationary certificate is valid 
for a period of 1 year (CCAC 2016z).

An institution issued a probationary certificate for unresolved deficiencies is given specific deadlines 
for responding to the CCAC’s recommendations within the 1-year probationary period. The CCAC 
Assessment and Certification Committee evaluates the progress made by the institution at each deadline. 
The Assessment and Certification Committee may remove the Probationary Certificate of GAP if serious 
problems are not resolved within the given time frames. The committee may grant a Certificate of GAP 
to the institution before or at the end of the probationary period if it considers that the responses are sat-
isfactory and the issues have been resolved. A thorough review of the institution’s progress is undertaken 
at the end of the probationary period (CCAC 2016z).

Canadian federal granting agencies (CIHR and NSERC) require all institutions using animals for 
research to hold valid CCAC certification (either the Certificate of GAP or the Probationary Certificate 
of GAP) in order to be eligible to receive agency research funds (CCAC 2015), as described in the 2013 
federal granting agency Agreement on the Administration of Agency Grants and Awards by Research 
Institutions, and in particular Section 3.5, “Research Involving Animals.” Loss of CCAC certification 
constitutes a breach of the agreement, which would be addressed as specified in Section 4.4, “Default and 
Remedies of the Agency Agreement.” The CCAC notifies the federal granting agencies of any changes 
in the certification status of an institution, if applicable, and removes the name of the institution from the 
published CCAC list of certificate holders (CCAC 2016z).

CCAC’s Requirements for Initial Certification

All institutions wishing to obtain an initial Certificate of GAP are required to pay an annual program 
participation fee to the CCAC and must have the following elements in place before their first assessment 
visit (CCAC 2016z):

• Compliance with provincial legislation and regulations.

• An animal care committee whose composition, authority, responsibilities, and functions are 
defined in written terms of reference based on the most recent version of the CCAC policy 
statement on terms of reference for animal care committees.

• An animal use protocol form or forms, according to the guidance contained in the CCAC 
policy statement on terms of reference for animal care committees.

• Complete protocols submitted by animal users for all planned animal-based work, with the ani-
mal care committee having reviewed and approved any protocols planned for the near future. 
The protocol reviews should be based on relevant guidance (as found in Section 3e of the CCAC 
policy statement on terms of reference for animal care committees) and documented in the 
minutes of one or more animal care committee meetings.

• A formal agreement or agreements for veterinary services, based on the main elements of the 
CALAM Standards of Veterinary Care.

• Trained, qualified personnel in sufficient numbers to provide daily care for all animals.

• Other programs based on CCAC guidance for

• The training of animal users

• Postapproval monitoring

• Occupational health and safety, to cover all animal project-related risks

• Crisis management
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• Where animal facilities are needed, either they must meet relevant CCAC guidance or a 
detailed plan with timelines must be in place describing how they will be improved to meet 
the guidance.

• The animal care committee must have visited all facilities designated for animal care or use, 
and must have approved of their use in one or more written site visit reports.

Institutional Steps to Maintain or Restore Accreditation or Certification

Developing and Communicating a Compelling Corrective Action 
Plan in Response to AAALAC International’s Findings

The value and integrity of the AAALAC International accreditation program require that participat-
ing institutions integrate the principles outlined in AAALAC International’s TPSs and other pertinent 
guidance into their daily operations to develop and sustain a durable and resilient animal care and use 
program. Organizations that are unable to incorporate these goals ultimately encounter problems that 
result in COA’s issuance of a status of less than continued full accreditation. For programs failing to meet 
standards in multiple areas or with a chronic history of not meeting their obligations and the corrective 
actions they have previously proffered, the COA may elect to revoke accreditation. This action requires 
the program to critically reevaluate its interest in accreditation and to adopt a new approach, if not a 
new organizational culture, team, and commitment of resources, if it intends to reenter the accreditation 
program. Organizations that attempt to use triennial accreditation visits to intensify their programs for 
evaluation during peak performance, and then allow their programs to languish between visits, quickly 
realize that such an approach is unsustainable.

Institutions are required to respond when the AAALAC International COA identifies a mandatory 
finding. The institutional responses (IRs) should reply directly to the COA’s findings with a detailed, 
definitive, comprehensive, and cogent account of the actions taken. The IRs should not only commu-
nicate the specific corrective actions the institution has taken (or is preparing to take) for the specific 
examples cited in the letter from COA, but also encompass, by extension, any other potential manifesta-
tions of the circumstances identified. As a general guideline, the IR should cover the key parameters 
important in journalism: who, what, why, when, where, and how. Specifically, who is the individual or 
group responsible and authorized to take corrective action, and who is the target audience of the action 
if it involves people? What are the specific corrective actions and the relevant outcome measure for 
success? Why, in the context of the program or institution, should COA believe that the action will be 
effective? When will the corrective action be implemented or completed? Where in the program does 
the corrective action apply? And, how do these steps in aggregate create an enduring solution? It is very 
common that additional documents are requested, along with the IR, to demonstrate facets of the correc-
tive action and validate the extent of progress achieved.

In many cases, a single well-written IR resolves all the COA’s concerns allowing restoration of full 
accreditation. However, the AAALAC International COA realizes that some mandatory findings are 
very difficult to address due to programmatic complexity and extensive resources that may be required; 
thus, the resolution of a single issue may require multiple IRs. In some cases involving extensive or 
complicated corrective actions, the COA may elect to revisit the program to ensure that quality has been 
restored.

Drop-In Visits from AAALAC International

Normally, AAALAC International site visits are conducted on 3-year intervals. While quite rare, drop-
in visits “for cause” or “not for cause” may occur between the routinely scheduled triennial visits. In 
both cases, relatively short notice (one to a few days) of the pending drop-in visit is provided. The scope 
of the drop-in visit is typically very focused; more rarely, the entire animal care and use program may 
be reviewed during a drop-in visit. Costs for the drop-in visit are absorbed by AAALAC International.
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Occasionally, a site visit team will conduct a drop-in visit to an institution in a geographic area where 
a routinely scheduled visit is occurring at another organization. These visits may be prompted by sig-
nificant programmatic changes that have occurred at the institution subsequent to the routine site visit, 
such as critical organizational changes or a reversal of a commitment made to COA (e.g., reopening an 
animal housing area that had been closed in response to a site visit observation). Such not-for-cause vis-
its provide the COA an update as to the status or functioning of the institution. Drop-in visits for cause 
may be conducted following a meeting of the COA, during which the COA has determined that an issue 
identified during the regularly scheduled site visit was of sufficient seriousness that immediate follow-up 
by the COA, in the form of an additional on-site assessment, was necessary. Occasionally, a drop-in visit 
for cause may be initiated by the executive office following receipt of a verifiable allegation related to the 
animal care and use program at an accredited institution.

Reports of observations made during either type of drop-in visit are discussed by the COA. The 
observations made during a not-for-cause drop-in generally result in no action being taken by the COA. 
However, the report may prompt the COA to require additional information regarding the matter from 
the institution, or the COA may elect to schedule a revisit prior to the typical 3-year interval. Responses 
to observations made during a drop-in for-cause visit range from no change to the accreditation status of 
the institution to less than full accreditation pending correction of the issue.

Other Actions Required for AAALAC International Accreditation

A requirement for continued accreditation is the submission of an annual report that provides updates 
on basic information about an accredited program. A form is made available online in mid-December; 
however, there are no specific due dates for submitting an annual report. An institution may choose from 
a variety of reporting periods (e.g., university fiscal year, calendar year, federal government fiscal year, or 
government oversight body reporting period) one that is best suited to their needs, as long as the period 
covered is continuous with previous reports to eliminate any gaps.

The information provided in the annual reports also includes notification of significant compliance 
issues, such as protocol violations, animal use not approved by IACUC, and protocol suspensions; revi-
sions to facility size, location, name, or other administrative data; and changes in key personnel or 
other aspects of the animal care and use program. AAALAC International also requests the number of 
animals used by species during the year to gauge the level of research animal activity and assist in the 
selection of the next site visit team.

AAALAC International also expects accredited units to promptly report adverse events, such as 
unexpected animal deaths; natural disasters; significant animal rights activities; inappropriate eutha-
nasia techniques and/or failure to confirm euthanasia; allegations, complaints, or reports regarding 
animal welfare concerns; inadequate veterinary care; and outcomes of regulatory investigations (e.g., 
Office of Laboratory Animal Welfare [OLAW], CCAC, UK Home Office). In some cases, the corre-
spondence addressed to the regulatory entities may be sufficient for AAALAC International’s purposes, 
and AAALAC International can simply be copied to ensure a prompt update [AAALAC International 
2016o]). AAALAC International requests information on any changes in unit contact person (name, 
including degree, title, address, phone and fax numbers, and e-mail) or in facility size, location, or name 
for a site visit scheduled prior to the next annual report.

Measures to Ensure Success in Continuing CCAC Certification

Institutions wishing to maintain CCAC certification must ensure that (CCAC 2016z)

• They are compliant with provincial legislation and regulations

• Their animal care committee remains active and functional, meeting at least twice every 
year, visiting all animal facilities at least once every year, and fulfilling all the responsibilities 
described in the CCAC policy statement on terms of reference for animal care committees, 
including postapproval monitoring of animal ethics and care in science



180 Management of Animal Care and Use Programs in Research, Education, and Testing

• Their veterinary and animal care services continue to meet institutional needs and CCAC standards

• Their training, occupational health and safety, and crisis management programs are relevant, 
complete, up to date, and in line with CCAC guidance

• Their facilities (if required) meet institutional needs and CCAC standards

• They are in good standing with program participation fees

Implementation Report: Response of the Institution to the CCAC Recommendations

The senior administrator in charge of the animal ethics and care program at the institution must submit 
one or more implementation reports responding to recommendations in the CCAC assessment report. 
The implementation reports must comprehensively address the recommendations to ensure certifica-
tion. As described above, the timeline for response reflects the type of recommendation (major, seri-
ous, and regular), with major recommendations requiring an immediate response (CCAC 2006, 2016x). 
Institutions are typically given 3 months to respond to a serious recommendation and 6 months to 
respond to a regular recommendation.

The implementation reports are reviewed by the ADA, the panel members who participated in the assess-
ment, and the Assessment and Certification Committee. Institutions may be asked to submit additional infor-
mation to clarify or complete their implementation report, or to provide an update on work in progress at the 
time of the original response. Special visits may be conducted if necessary. Unsatisfactory IRs or the absence 
of a response can lead to a probationary certification, and eventually to certificate removal (CCAC 2016x).

Institutions are expected to consider the following points when preparing an implementation report 
(CCAC 2016x):

 1. Implementation reports should be reviewed and sent by the senior administrator responsible for 
the entire animal care and use program, following consultation with the animal care commit-
tee, the animal care services, and any other interested parties. This is to ensure that the report 
reflects the position of the institution as a whole, and to demonstrate the institution’s commit-
ment to its animal care and use program.

 2. The CCAC cannot accept an implementation report without evidence that either all recommen-
dations have been fully implemented or a sound process with timelines has been established to 
appropriately address them.

 3. If a recommendation is to be implemented gradually (e.g., facility renovation or construction, 
or writing or reviewing SOPs), institutions are expected to provide a timeline with dates for the 
various stages of the process and include supporting documentation.

 4. To assist the assessment panel and Assessment and Certification Committee members in 
reviewing the implementation report, the recommendation should be quoted preceding the 
response. Answers should be specific to each part of all recommendations.

The CCAC works closely with institutions to resolve difficulties in implementing CCAC recommenda-
tions. The CCAC Assessment and Certification Committee may recommend at any time that a special 
visit of an institution be undertaken to evaluate the implementation of recommendations. Special visits, 
conducted by an ADA without a panel (CCAC 2016r), may also follow a request of the institution. The 
findings of a special visit may be used by the Assessment and Certification Committee to modify the sta-
tus of an institution (CCAC 2010). An institution’s CCAC Certificate of GAP is removed if (CCAC 2016z)

 1. The institution does not take immediate, appropriate action after being issued a major recom-
mendation during a CCAC visit

 2. After being assigned a probationary certificate, the institution fails to respond to the Assessment 
and Certification Committee’s satisfaction to serious recommendations contained in CCAC 
reports, despite being given a specified period in which to do so

 3. The institution is no longer “in good standing” with the CCAC, that is, fails to remit its annual 
program participation fee
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Benefits of Accreditation and Certification

Both AAALAC International accreditation and CCAC certification claim comparable and significant 
benefits. The processes used in accreditation and certification are well described, readily accessible, 
efficient, and well coordinated and integrated. The CCAC develops standards (standards component), 
provides support to learn about them and how to apply them (education and three Rs components), and 
supports their implementation (assessment and three Rs components). AAALAC International primarily 
has adopted standards developed by other experts and authorities and issues position statements, clari-
fications, and FAQs to inform the community of how to interpret and use the standards successfully in 
accreditation. The CCAC ethical review system is designed to integrate the needs of scientists, animals, 
and the community at the local level, and to set standards for animal ethics and care at the national level. 
The AAALAC International assessment and accreditation process also incorporates the needs of the 
scientific community and animals, and the interests of diverse public communities globally by ensur-
ing that all national and local laws governing animal research are met and by ensuring the appropriate 
composition of the site visit teams.

Both AAALAC International accreditation and CCAC certification require institutions to first per-
form a comprehensive self-evaluation that helps catalyze institutional introspection, critical analysis, 
teamwork, and consensus building. Subsequently, a team of peers provides an in-depth, confidential, on-
site evaluation of the institution’s animal care and use program. This independent, rigorous peer review 
provides a collaborative and potentially formative approach that supports the institution’s program in 
meeting all applicable standards.

Accreditation or certification also engages scientists, veterinarians, managers, and administrators in 
an independent, rigorous assessment of their institution’s animal care and use program—an assessment 
that ultimately results in improved animal welfare, cooperation in programmatic planning to meet the 
needs of an evolving research mission, and better research practices and outcomes.

Accreditation or certification fosters appropriate care and husbandry programs, which encourages 
species-specific expression of physiological, behavioral, and psychological needs, and improves the reli-
ability of scientific results.

Accreditation or certification confirms that an organization is compliant with relevant legislation and 
regulations through the review of regulatory documents and through the review of IACUC or animal 
care committee records and discussions with committee members. In the case of the CCAC, the certifi-
cation also allows institutions to receive research funding from the CIHR, NSERC, National Institutes of 
Health (NIH), and other funders, and access government contracts in Canada. AAALAC International 
accreditation confers Category I status on an institution under the Public Health Service (PHS) Policy 
on Humane Care and Use of Laboratory Animals (revised in 2015), which reduces the reporting require-
ments for organizations that receive PHS funding (Public Health Service 2016). Because it promotes ani-
mal well-being and ensures high-quality animal care, accreditation or certification complements other 
quality assurance programs, such as the ISO or the good laboratory practice standards.

AAALAC International accreditation and CCAC certification are recognized internationally for 
acknowledging high-quality programs. In the scientific community, accreditation or certification dem-
onstrates that an institution is committed to establishing, achieving, and maintaining high standards for 
animal welfare in science. Moreover, both the conditions of animal care and use and an assurance of 
sound ethical review of the research plan and conduct are important factors considered during the review 
of manuscripts for publication in internationally recognized scientific journals; accreditation or certifica-
tion broadly responds to these concerns.

In today’s world, research institutions increasingly partner or contract with other research entities at 
the national and international levels to pursue multidisciplinary collaborative research and enhance the 
efficiency of resource utilization. Accreditation or certification promotes harmonization of care within 
and between institutions and can be used as a way to gauge the quality of a particular program, and pro-
vide assurance to diverse stakeholders. Institutions, companies, and organizations are also held to very 
high levels of accountability by their own constituents and the general public. Thus, a program achieving 
accreditation or certification serves as a beacon of competence that may aid other institutions seeking to 
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improve their animal care and use program. In addition, voluntary participation in an accreditation or 
certification program demonstrates to the public that the institution is dedicated to achieving the highest 
standards of animal care and use and the ethical oversight of animal-based research.

Both AAALAC International accreditation and the CCAC Assessment and Certification Program are 
collaborative, peer processes that stimulate the pursuit and exchange of information and knowledge and 
encourage the growth of professionalism, expertise, cooperation, and teamwork within the institution’s 
animal care and use team. This invariably leads to continuous improvement in the animal care and use 
program. Earning and maintaining certification or accreditation requires institutions to remain current 
and to incorporate contemporary practices that are proven scientifically sound and are pertinent and 
appropriate to the organization’s research mission. Accreditation or certification provides an optimal 
means of illustrating a true commitment to humane animal care and use benefitting both animal well-
being and quality science.
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10
Facilitating the Research Process: Limiting Regulatory 
Burden and Leveraging Performance Standards

Joseph D. Thulin, Valerie K. Bergdall, and John F. Bradfield

Introduction

Animal care and use program administrators and managers are responsible for both promoting animal 
well-being and facilitating the research. However, since animal welfare laws and regulations primarily 
articulate edicts intended to mitigate harm to animals, it can be difficult to see how an institution’s regu-
latory compliance activities can both protect animal subjects and serve the research enterprise. While it 
can be a challenge to balance these seemingly competing goals, one should not conclude that ensuring 
high program achievement in terms of compliance precludes concomitant highly productive research.

In this chapter, we explore how the expanding environment of compliance—driven by both legal 
requirements and the associated institutional regulatory processes—drives the development of programs 
for oversight of animal care and use and impacts the work of scientists using animals. We describe 
some opportunities and strategies that program administrators and managers can use to facilitate the 
research enterprise without compromising compliance demands. Two general approaches are presented: 
(1) alleviating unnecessary regulatory burden, which conserves institutional and researcher resources, 
and (2) selecting appropriate standards and methods for assessing outcomes, which promotes program 
flexibility. It is worth noting at the outset that whatever the approach, it is crucial for the program man-
ager or administrator to engage with the institutional animal care and use committee (IACUC) and other 
institutional oversight entities, such as the responsible institutional official (IO) and attending veterinar-
ian (AV), as well as other program stakeholders. (Note: The term institutional animal care and use 
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committee, or IACUC, is used in a generic sense to denote the institutional body, regardless of name, 
charged with oversight and evaluation of the animal care and use program.)

Impact of Regulatory Compliance Burden

Regulatory Burden

National and regional laws and regulations pertaining to the use and care of animals in research vary 
considerably with respect to the compliance responsibilities required of the regulated institutions. For 
example, in the United States, the federal regulatory system relies heavily on self-enforcement at the insti-
tutional level, while in countries of the European Union, there is greater reliance on direct enforcement 
of compliance by the state. Regardless of the explicit local regulatory environment, however, each well-
managed institutional program will not only design animal care and use processes that conform to regu-
latory standards, but also exercise some degree of internal oversight to ensure those standards are being 
met. Thus, regulatory burden can be considered the total effort expended and concomitant cost incurred 
to achieve and maintain compliance. With regard to animal research, regulatory burden encompasses, 
but is not limited to, the activities and expenses of the IACUC, committee administrative support, gov-
ernment interface (hosting inspections, preparing and filing required applications and reports, etc.), and 
providing animal care procedures and facilities that meet standards. Likewise, the researchers themselves 
devote considerable effort to fulfilling compliance requirements. These include securing and maintaining 
licensures, preparing animal use protocols for IACUC review, maintaining IACUC approvals, hosting 
laboratory audits, fulfilling program orientation and training requirements, and similar activities. Quite 
obviously, satisfying compliance requirements comes at considerable cost to the institution.

The scientific community clearly accepts, as one of many social obligations, the regulatory burden 
necessary for safeguarding proper treatment and care of research animals. Without question, institutions 
recognize that maintaining their privilege to conduct research with animals depends on their ability to 
ensure compliance with regulatory standards. But as necessary as compliance may be, when regulatory 
burden becomes excessive, it can impinge upon research productivity while failing to yield any further 
enhancements to animal welfare. The impact of expanding regulatory requirements on research in the 
United States has been described (Federal Demonstration Partnership 2014; National Science Board 
2014; Federation of American Societies for Experimental Biology 2015; Committee on Federal Research 
Regulations and Reporting Requirements et al. 2016). For example, in a recent survey of principal inves-
tigators of federally sponsored research projects in the United States, it was reported that they spend 
more than 40% of their time on administrative tasks associated with compliance (Federal Demonstration 
Partnership 2014). Global data on regulatory burden are not available, but it is reasonable to assume it has 
significant impact on research output in many countries. So the total cost of regulatory burden is limited 
not only to resource outlay, but also to lost productivity. As such, program managers should implement 
processes that effectively ensure regulatory compliance while minimizing regulatory burden so that 
research output is protected and unnecessary costs are contained.

Self-Imposed Compliance Burden

Haywood and Greene (2008) considered three sources of regulatory burden: explicit legal and regulatory 
requirements, additional interpretive guidance given by regulatory agencies, and internal, self-imposed 
burden. For the purposes of this discussion, however, we consider just two: external requirements imposed 
by law, regulation, or regulatory agency, and internal, self-imposed requirements not explicitly required by 
law, regulation, or regulatory guidance. In other words, we differentiate between compulsory and elective 
standards and processes. This distinction is important because program administrators and managers have 
relatively little opportunity to alleviate the burden stemming from compulsory standards, while they can 
have a significant influence on diminishing burden originating from elective institutional requirements.

Examples of self-imposed burdens adopted by institutions and opinions regarding how these burdens 
arise have been described (Haywood and Greene 2008; Plante and James 2008; Thulin et al. 2014; 
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Pritt et al. 2016). Those facets of the program commonly augmented by elective practices include, but are 
not limited to, animal use protocol review, institutional policies, investigator training, documentation, 
and monitoring of laboratories. Maintaining accreditation by AAALAC International is another common 
example of voluntary program enhancement. All these result in burden beyond that stemming from the 
minimum external requirements, and most probably originate from both a desire for excellence and aver-
sion to the risk of noncompliance.

Internal, elective standards are not always without merit—many may be worth the additional effort 
they create. This is especially true when they address gaps in the regulatory standards or promote pro-
gram quality in ways not specifically addressed by the regulations. For example, while participation in 
the AAALAC International accreditation program is voluntary and requires considerable effort, many 
institutions find that the value of the periodic peer reviews outweighs the costs. Nonetheless, it is likely 
the case that some institutions have implemented various elective standards and processes without ever 
thoroughly vetting them for benefit and cost. Consequently, the compliance programs at many of these 
institutions may unnecessarily stymie research activities without enhancing animal well-being or even 
reducing institutional risk.

Minimizing Regulatory Compliance Burden

Regulatory agencies view compliance oversight as a means to ensure rules are being followed, and insti-
tutions often view this as a process to help ensure they remain compliant and therefore avoid “trouble” 
with regulatory agencies or the public. Typically, the research community views compliance as a hurdle 
rather than a facilitative process. The challenge for leadership in the animal care and use program at 
an institution, therefore, is to promote a culture in which compliance truly does facilitate the research 
process while at the same time protecting the institution from noncompliance events that may threaten 
its privilege to conduct animal research and secure associated grant funding (Bayne and Garnett 2008). 
To promote such a culture, it is imperative that stakeholders understand the goals of compliance pro-
cesses, and that the processes are clear and without unnecessary and burdensome steps. In addition, 
flexibility in achieving compliance goals should be maintained when feasible, and compliance outcomes 
assessed routinely to improve the process as needed over time. Imposing new processes without input 
from stakeholders, that result in additional work, are inflexible, and do not have obvious benefits will not 
be embraced. This can lead to erosion of the relationship between the research community and institu-
tional compliance efforts.

Perhaps the most important way compliance programs can become more facilitative of the research is 
to minimize the regulatory burden placed on the researchers. A basic approach to reducing regulatory 
burden involves determining first whether a compliance requirement or process is mandated or elective, 
then eliminating elective practices based on benefit–cost analysis, and finally, determining if remaining 
mandated or elective practices can be done more efficiently (Haywood and Greene 2008). With thorough 
knowledge of the regulatory standards, establishing whether a process is mandatory should be relatively 
straightforward. But weighing the benefits and costs of elective procedures will be more complex. A 
rigorous assessment will require questions such as

• What are the intended benefits of the policy, procedure, or requirement?

• What entities, for example, animals, researchers, IACUC members, or institution, benefit from 
the policy, procedure, or requirement?

• Are the intended benefits being realized, and can the achievement be measured?

• What are the costs, for example, staffing, researcher time (correlates to time that cannot be 
devoted to research), space, or equipment, of the policy, procedure, or requirement?

• Can the costs be measured?

The answers to these questions will provide the data or measures from which objective decisions can be 
made about the value of policies and procedures and whether they should be retained or retired.
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Finding more efficient ways to perform the remaining compliance procedures can be a significant 
challenge. Adopting a standardized approach to process improvement can be helpful in this regard. One 
such approach is “Lean thinking,” a method by which the value of processes (or steps within processes) 
is assessed from the perspective of defined customers, for example, the researchers or the animals, and 
waste within processes identified, thus facilitating process improvements that achieve desired outcomes 
(Kim et al. 2009). With respect to compliance, it is important to understand that more compliance effort 
does not necessarily lead to “better” compliance outcomes; rather, there is a point at which added effort 
likely results in diminishing returns and wasted resources. (Figure 10.1 illustrates the effect of compli-
ance effort on risk noncompliance and regulatory burden.) As we will point out later, inspections are not 
the best way to achieve desired outcomes. With this in mind, program managers and oversight bodies 
should strive for that balance between too little and too much compliance effort.

Assessing Outcomes

It is imperative to “measure” the effectiveness of the activities associated with animal care and research 
procedures to ensure animal well-being and promote scientific integrity. It is not sufficient to simply 
design a program that ought to work well. An institution should also have some means to verify that 
animal activities have appropriate outcomes. Yet, institutions should not fall prey to the notion that mea-
suring outcomes alone achieves quality. Program quality is achieved by implementing well-designed and 
effective procedures, while outcome measures simply provide the information needed to assess effec-
tiveness and drive improvement where needed. Developing appropriate outcome metrics requires a thor-
ough understanding of the different types of standards that apply to the animal care and use program.

Engineering Standards

Engineering standards are often described in the regulations and specify both the characteristics and 
technical details required in order to meet the standard. An engineering standard not only specifies 

Risk of noncompliance

Burden of compliance

M
ag

ni
tu

de

Compliance effort

FIGURE 10.1 Relationship of overall compliance effort to risk of noncompliance and compliance burden. With little or 
no compliance effort, the risk of noncompliance is high, while the compliance burden is low. As the effort increases, risk 
decreases while burden increases. However, there likely is a point, perhaps at the theoretical intersection of the two curves, 
when the amount of risk reduction to be gained, combined with the amount of added burden, does not support increasing 
the effort. (Reprinted from Thulin, J.D. et al., FASEB J., 28, 3297–3300, 2014. With permission.)
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what the standard or outcome must be, but also how it is achieved. They dictate the methods to be used 
in order to achieve the standard or outcome. The benefit of such an approach is that there is uniformity 
of methods across the animal program and among animal programs. It is easier to assess compliance 
with engineering standards because they require fixed methods for achieving outcomes, but they do not 
allow flexibility to adopt methods that may be more effective for a particular program. An engineering 
standard leaves little or no room for interpretation about what must be done and, as a result, avoids the 
onus of careful and accurate interpretation that is required when implementing performance standards.

An example of a commonly used engineering standard is the space recommendations in the eighth edi-
tion of the Guide for the Care and Use of Laboratory Animals (Guide) specified in the tables 3.2 through 
3.6 (NRC 2011). These tables provide specific floor space metrics required to meet Guide standards, and 
it is a straightforward process to determine whether these standards are achieved. A process to establish 
outcome assessment is unnecessary.

Performance Standards

In many ways, performance standards are considered the opposite of engineering standards in that they 
often have qualitative outcomes, whereas engineering standards usually have quantitative outcomes. 
“Performance standards” or the “performance-based approach” is a concept that has been part of animal 
research management for many years. The term performance approach became a prominent feature 
of the seventh edition of the Guide (NRC 1996). However, in previous editions of the Guide, as early 
as the fourth edition (NRC 1972), the term professional judgment was used in the context of how the 
recommendations are to be used and interpreted. Professional judgment is a key element of performance 
standards, so the fundamental concepts of the performance-based approach are not new. It has been said 
that professional judgment is the collective judgment of a profession, and not simply the judgment of one 
professional. This is an important distinction as one develops performance standards.

The key advantage of the performance-based approach is the programmatic latitude it affords. A 
performance standard identifies a specific goal or outcome that is to be achieved, but does not specify 
how the goal is achieved. The intent of such a standard is to allow latitude about the best, most effective 
manner to meet the standard given the unique aspects of each program. A variety of methods might all 
result in an outcome that meets the specified goal or standard. The performance standard approach is a 
key element of the eighth edition of the Guide. The Guide provides much detail about what constitutes 
appropriate standards (goals) of animal care and use. It is very clear on what must, or should, be done, 
but it is virtually silent about how the standards are to be achieved. This was done intentionally to allow 
flexibility in methods, which is considered to be a positive, less prescriptive approach. However, with this 
flexibility comes greater institutional responsibility to ensure that the standards, or goals, are correctly 
and accurately interpreted. When using performance standards in the animal program, it is critical to 
neither under- nor overinterpret what a particular standard or goal is.

When considering performance-based standards, three basic steps are required to ensure a standard is 
clearly identified and achievable:

 1. Identify a specific and precise definition of the standard.

 2. Establish the assessment criteria to determine that the standard is achieved.

 3. Develop and implement methods for ongoing evaluation.

An example of commonly used performance standards is the criteria described in the Guide regarding 
adequate cage space. In contrast to the Guide’s tables 3.2 through 3.6 that specify engineering metrics 
for cage space, there is much language in the Guide that describes the qualitative, performance-based 
aspects of the provision of adequate cage space (e.g., the need to accommodate postural adjustments, the 
importance of cage volume, the provision of environmental enrichment, and space considerations for 
social grouping and breeding). The Guide highlights the need for professional judgment when assessing 
the performance-based criteria for adequate cage space. Because there are a number of ways to achieve 
these performance standards, it is important that institutions develop specific criteria to assess whether 
the performance standards are met: (1) precisely defining adequate cage space characteristics (relying on 
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Guide parameters), (2) developing assessment criteria to benchmark adequacy of space, and (3) imple-
menting methods for ongoing assessments of cage space provided.

This kind of approach embodies the performance-based concept of operational latitude while still 
satisfying the requirements specified in the Guide. Of course, the definition of the standard and criteria 
for monitoring and methods of assessment for an entire animal program will be much more complex, 
but the above example illustrates the utility of the performance-based approach. When considering this 
approach, however, one should be mindful of the fact that procedures deemed acceptable for achieving 
a performance standard in one program may not be the most effective in another program. In addition, 
it is important to note that implementation of performance standards may require more effort than a 
corresponding engineering standard.

Practice Standards

In addition to describing performance and engineering standards, the Guide also refers to “practice stan-
dards,” a term that has recently been used to denote another aspect of benchmarking practices. Practice 
standard is a term that designates a time-proven, effective practice that is the result of collective profes-
sional judgment that usually evolves from practical experience and information in peer-reviewed scien-
tific literature and textbooks. An example of a practice standard is the common practice of a cage-change 
interval once every 2 weeks for ventilated mouse cages. This is a widely accepted practice that has arisen 
from a combination of scientific literature, cage manufacturer information, and years of practical experi-
ence across a variety of institutions and research programs.

Because the field of laboratory animal science is continuously evolving, widespread practices emerge 
and become commonly accepted by the profession as sound, effective, and beneficial. Practice standards 
are usually improved as a natural result of scientific progress, improvements in technology, and advances 
in management rather than by regulatory requirement.

Institutions may implement practice standards that have evolved over time because the practices have 
proven to be effective in the context of their animal care and use program, and are based on the specific 
needs of the animals and experimental requirements. It is important to validate practice standards to 
ensure they are effective and promote animal well-being and good science. Furthermore, this validation 
will ensure that these practice standards are not simply based on tradition and convenience. Validation of 
institution-specific practice standards can be done in much the same way that performance standards are 
assessed, although practice standards, having been time proven, typically require less rigorous analysis 
of the outcomes.

Selection of Appropriate Standards

Most animal care and use programs employ a combination of engineering, performance, and practice 
standards. Each type of standard has its benefit, and the choice to use one versus another is best made 
after careful consideration of the regulations and guidelines required by external agencies, the scientific 
needs of the program, and the overall management and organization of the animal care and use pro-
gram. Engineering standards typically result from regulatory requirements. Performance and practice 
standards are often employed to allow appropriate flexibility, often required in diverse, dynamic, and 
complex research programs.

For engineering standards, the institution must simply ensure that the methods and standards imposed 
by the regulatory statutes are fulfilled as directed, a relatively straightforward process. Other guidelines, 
such as the Guide, expect programs to implement performance and practice standards that meet the 
specified outcomes. Finally, there may be institutional guidelines and standards added to those required 
by external agencies, and these can be engineering, performance, or practice standards. The latitude 
afforded by implementing performance-based standards comes with choosing the best means to achieve 
the goal. However, once the most appropriate methods are established, adherence to them is important 
to ensure that standards are achieved.

The implementation of performance-based standards requires a well-reasoned, thoughtful approach 
to achieve high-quality animal care and use, while at the same time ensuring that performance-based 
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methods are not overly cumbersome and onerous. It is imperative that the methods and practices employed 
promote animal welfare and high-quality science, and are straightforward so that meeting the standards 
is an inherent part of daily animal care and use. Conversely, overreliance on a compliance monitoring 
program to “enforce” the standards is usually less effective, inefficient, and tedious.

Evaluation of Outcomes

Once appropriate outcome metrics have been established (i.e., what to measure), the next step is to deter-
mine how the outcomes will be measured. The process for measuring how well an institution meets ani-
mal program standards requires routine, ongoing commitment and attention to detail. It can also require 
much time and effort. However, the benefit to a well-implemented and efficient program of monitoring 
provides valuable information on animal well-being, animal use activities, and institutional commit-
ment. Effective monitoring will provide information that can be used to validate strengths and address 
weaknesses while avoiding unnecessary, burdensome processes that have little or no impact on animal 
care and use. Although monitoring is a necessary part of attaining quality, emphasis should be on imple-
menting procedures that effectively achieve the outcome.

Personnel in each area of the animal program will likely have a role in the evaluation of outcome 
metrics. However, the IACUC plays a central role and has the responsibility to evaluate all aspects of the 
program. The IACUC may rely primarily on its periodic reviews of the program and facilities for evalu-
ation or, in larger, more diverse and complex programs, delegate monitoring to others. In recent years in 
the United States, employing dedicated personnel to monitor the program on behalf of the IACUC has 
become common (see below), although there is no requirement that such personnel or formal monitoring 
program be implemented.

Alternatively, the IACUC can rely on other program personnel to help with monitoring activities. 
Investigators play a key role in monitoring animal use activities. Ongoing monitoring of animal activi-
ties throughout the experiment is part of the scientific process, and this level of monitoring by investi-
gators also aids the IACUC in ensuring compliance with regulations and guidelines. Many institutions 
have advisory committees comprised of scientists to help provide information and feedback to the 
IACUC and animal program personnel. The IACUC should also rely on veterinarians to monitor 
aspects of animal health and well-being, as well as some aspects of animal use, such as surgery or 
emerging and unexpected health issues. Facility managers and operational staff can supply objective 
information on metrics involving the animal environment and facilities, husbandry, sanitation, and 
day-to-day animal care. Maintenance staff are also important and can provide assessments of criti-
cal mechanical systems, such as heating, ventilation, and air-conditioning (HVAC), electrical power, 
and lighting. Institutional security personnel are instrumental in providing information on physical 
and personal security and regulating appropriate access to animal facilities. Occupational health and 
safety professionals are integral for providing information on the occupational health and safety pro-
gram (OHSP) for personnel with animal contact, and they should provide ongoing feedback to the 
IACUC regarding the overall functionality of the OHSP. Finally, careful tracking of issues and error 
rate analysis can highlight common areas of concern that may emerge and help to focus institutional 
resources in the appropriate areas.

Application of Performance Standards to Oversight 
of the Animal Care and Use Program

For most animal care and use programs, the application of performance standards across all components 
of the program is a mainstay for day-to-day function. The IO, IACUC, and AV are responsible for ensur-
ing that performance standards satisfy regulatory requirements, promote animal welfare, are tailored to 
the institution’s needs, and are not overly burdensome or costly. This responsibility creates a significant 
workload, but when done effectively, everyone benefits: the animals, animal caregivers, investigators, 
management, and IACUC itself.
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Animal Care Program

The main components of the animal care and use program include institutional administration and man-
agement, the IACUC (protocol review and postapproval monitoring [PAM]), the program of veterinary 
care, animal environment and management, facilities and physical plant, and the OHSP. Although the 
IACUC does not perform or implement all the program components, the IACUC must ensure that per-
formance standards in all these component areas are in place and functional. Regardless of the specific 
component of the program being evaluated, the collection of objective, relevant information, and error 
rate analysis are critical. Remember that part 3 of developing a performance standard involved develop-
ing methods for ongoing assessment of performance criteria. It is that ongoing evaluation of criteria that 
provides objective data as to whether a performance standard has been met, and provides the IACUC 
with key information needed for overall evaluation of the program.

It is beyond the scope of this chapter to detail how the IACUC provides oversight of all program com-
ponents; however, some examples are provided that illustrate practical methods for the IACUC to ensure 
that performance-based standards are appropriate.

 1. Institutional administration and management: The institution must provide sufficient resources 
to the animal care and use program to ensure that the research enterprise is viable and high 
standards of animal welfare are in place. A straightforward method for the IACUC to evaluate 
the overall institutional support of the program involves a careful review of several semian-
nual reports. It is the responsibility of the IACUC to identify problematic trends and work with 
management to ensure corrections are made. When several annual or semiannual reports are 
reviewed over time, concerning trends may become evident that indicate that the institution’s 
administration may need to augment the resources allocated to the program. If problematic 
items are repeatedly identified by the IACUC without resolution, this may be a good indication 
that administrative support may be insufficient. On the other hand, if issues identified by the 
IACUC are consistently resolved, administrative support of the program is likely sound.

 2. Program of veterinary care: The program of veterinary care must ensure that healthy animals 
are acquired and maintained. Programs that meet current veterinary practice standards must 
be in place for animal clinical care and preventive medicine, emergency care, health monitor-
ing and biosecurity, anesthesia and analgesia, surgery, pathology, and euthanasia. Metrics for 
ensuring an adequate veterinary care program often include evaluating the timeliness of vet-
erinary clinical care for sick or injured animals; the monitoring and control of endemic animal 
pathogens; the procurement of high-quality, healthy animals; adequate veterinary support for 
services such as surgery and pathology; and the programs and strategies for control of animal 
pain or distress. By simply tracking and collecting data regarding these, and other veterinary 
activities, the effectiveness of the program of veterinary care can be assessed.

 3. Animal environment and management: Standards for animal environment and management 
include species-appropriate housing that promotes psychological and physical well-being and 
minimizes experimental variables that confound research data. The needs for socialization, 
environmental enrichment, quality feed and water, husbandry, and sanitation are important to 
ensure animal welfare. Metrics to evaluate these aspects of the program are often part of the 
semiannual review process. Considerations when evaluating the program of day-to-day care 
of animals often include the assessment of the overall adequacy of animal facility operations 
management: careful review of husbandry records to ensure key elements of daily care are 
regularly performed; review of sanitation intervals for cages and pens and the facility, as well 
as records and data relative to verification of sanitation effectiveness; review of the implemen-
tation and effectiveness of programs for social housing and environmental enrichment; review 
of feed storage and feeding practices; review of methods to provide quality drinking water and 
reports of water quality assessments; evaluation of standard operating procedures (SOPs) that 
impact animal well-being and assess work practices to ensure that SOPs are followed; assess-
ment of staffing needs and the levels of expertise required; and evaluating events impacting 
animal well-being or research integrity.
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 4. Animal facilities: The animal facilities must support the research activities involving animals, 
be well designed to promote a healthy environment for animals, have properly designed and 
functioning mechanical systems, maintain biosecurity, be clean and well maintained, and pro-
vide a safe working environment for personnel. They should contain adequate space for animal 
housing, procedural areas, specialized areas (e.g., surgery, necropsy, and quarantine), bio- and 
hazard containment as necessary, and adequate support areas (e.g., storage and cage-washing 
facilities). Evaluation of the animal facilities often is done concurrently with assessment of the 
animal environment and management, as these two components of the program are linked and 
interdependent. Evaluation of the facilities is relatively straightforward and involves ongoing 
assessment for needs relative to overall space, design, and maintenance in support of the insti-
tution’s research enterprise; regular evaluation of critical mechanical systems, such as HVAC, 
lighting, electrical power, and disaster planning safeguards; careful monitoring of the animal 
environment to ensure stable environments for research integrity, as well as animal safety; 
review of environmental monitoring data to ensure stable temperature and humidity according 
to the needs of the animals and scientific goals; review of adequacy of caging and pen systems 
to support animal well-being and the scientific needs of the program; and operation of animal 
facilities to foster animal and human safety.

 5. Protocol review and approval processes: Discussions of performance standards typically focus 
on how the IACUC or other oversight body can leverage them in the evaluation of the animal 
care and use program and facilities. However, the performance-based approach can also be 
applied to the processes used to support what is arguably the most important responsibility 
of the IACUC—protocol review. Researchers have indicated that animal care and use proto-
col approval and revision are among the most significant regulatory burdens associated with 
animal-based research (Federal Demonstration Partnership 2014). As such, careful design and 
ongoing evaluation of these processes are imperative not only for ensuring regulatory compli-
ance, but also for facilitating the conduct of research.

  There are myriad regulatory standards governing animal use protocol review and approval. 
In some cases, the regulations are noncommittal or even silent on the processes that must be 
used. Under these circumstances, institutions have tremendous opportunity for the application 
of performance-based standards in planning, evaluating, and improving protocol review pro-
cesses. Unfortunately, many institutions fail to take full advantage of the opportunity afforded 
here because protocol review processes tend to be developed with a singular focus on regula-
tory standards and relatively little consideration for efficiency for either the IACUC or inves-
tigator. As a result, the institution may achieve its regulatory compliance objectives, but with 
greater burden than is necessary. To address this, institutions should adopt outcome-based stan-
dards for protocol review that not only give credence to the regulatory requirements and ethi-
cal responsibilities to the animal subjects, but also do so as efficiently as possible. This means 
careful examination of processes and eliminating waste by modifying or purging activities or 
requirements that do not add value.

  Haywood and Greene (2008) provide a lengthy list of self-imposed burdens associated with 
protocol review. Considering these suggested items, most programs will readily identify areas 
where processes can be improved. For purposes of illustration here, we explore two common 
problem areas in the process: overly complex protocol forms and excessive need for revisions 
to protocol submissions. These two interrelated facets are both sources of undue waste in the 
process.

  Completing the protocol form, which is the primary tool used by most IACUCs for review 
of animal activities, can be a daunting task for researchers. While the regulatory standards 
usually specify the content or specific considerations (e.g., identification of species, description 
of animal use, alternatives to painful procedures, and number of animals used) that must be 
addressed in animal use protocols, the forms at many institutions require information far in 
excess of the regulatory standards, or that the information be provided in a more complex for-
mat than the regulatory standards require. For instance, a standard required by regulation might 
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be for the protocol to include a complete description of animal use; however, protocol forms 
rarely ask simply for a complete description of animal use. Instead, forms often attempt to illicit 
a complete description of animal use through the use of many questions and form fields, such 
as overview of the animal procedures, description of nonsurgical procedures, description of 
survival surgical procedures, description of postsurgical care, description of nonsurvival surgi-
cal procedures, table for frequency of volumes of blood collected, table of drugs administered, 
and listing of facility locations where animal procedures will be performed. If done well, some 
parsing of the base content requirements may actually make it easier for the investigator to pro-
vide the necessary information. But if done poorly, the parsing, along with the accompanying 
form field instructions, can result in needlessly lengthy and complex forms that investigators 
find difficult to complete. This in turn directly contributes to the need for revisions of submis-
sions, which creates extra work for submitters and reviewers alike. For these reasons, it is 
advisable for the IACUC to evaluate the benefit and cost of the protocol form fields in a manner 
similar to the method described earlier.

  In the authors’ collective experience, it is relatively rare for protocols to wend their way 
through the review process without revisions and reworks being required. When reworks are 
commonly required in any process, the process itself becomes suspect. For example, if in the 
manufacturing of widgets 90% of them had to go back for rework before they were acceptable 
for market, one would consider the manufacturing process to be seriously flawed. Of course, 
preparation of an animal use protocol is not the same as the fabrication of a product in a fac-
tory, but when a high percentage of protocol submissions require revision, it still is indicative 
of underlying flaws in the process.

  For years, quality management specialists have been exhorting the recognition that inspec-
tion does not improve the quality of a product or service because it is retrospective in nature—
the product or service, whether of the desired quality or not, has already been produced or 
performed (Deming and Hollnagel 2000). Not to diminish the importance of the protocol 
review process, but much of it is indeed mere inspection. Is the form complete? Is the correct 
information provided? Are the descriptions sufficiently detailed? Are the proposed activities 
consistent with applicable regulations and policies? Is the literature search current? Imagine 
the time and effort that could be saved for both protocol authors and reviewers if protocols 
were completed to the IACUC’s satisfaction at the time of their original submission. More or 
better protocol reviews are not likely to lead to a significant reduction in the number of proto-
col reworks required; rather, only changes to the way protocols are produced or authored will 
accomplish this.

  Investigation into the root causes of inadequate protocol submissions may help uncover ele-
ments of the protocol authoring and submission process that can be revised in order to reduce 
the likelihood of revision requests. The causes may include unclear or overly complicated form 
instructions, language barriers, or poorly trained authors. In any case, identification of root 
causes will unveil those process elements that can be targeted for improvements and, subse-
quently, whether the improvements effect a decreased rate of protocol revisions.

  Ensuring the protocol form is easy to complete and does not ask for superfluous infor-
mation, and changing the protocol authoring and submission process to reduce the need for 
revisions are just two ways whereby improved overall efficiency can be garnered. Of course, 
there are many other aspects of the protocol review process that can and should be evaluated 
using a performance-based standard of optimized efficiency. One payoff for this approach is 
reduced compliance burden for the researchers, which frees more time that can be devoted to 
the conduct of research. In addition, these types of process improvements can free the IACUC 
to concentrate more on the matters, such as harm–benefit analysis, that are of greatest import 
to animal welfare and research success.

 6. PAM: The investigator has responsibility to ensure activities are being conducted in congruence 
with the IACUC-approved protocol. In the United States, the IACUC is further tasked with 
“continued oversight” of approved activities. Historically, this monitoring has been achieved 
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primarily via the semiannual program review and facilities inspections, communications with 
the animal care staff, and external agency inspections. More recently, many U.S. institutions 
have implemented a PAM program in which a dedicated staff is tasked with assessing congru-
ency between the IACUC-approved activities and actual activities in the animal care and use 
program. In some cases, this dedicated monitoring program includes oversight of the animal 
care operations, in addition to research activities. Regardless of how the PAM program is con-
ducted, it is critical that the program identifies problem areas and addresses them in a timely 
fashion to ensure a quality program. Instituting a PAM system without using the information 
gained to refine the program, and thereby prevent noncompliance from happening, is waste-
ful and directs resources away from more beneficial components of the animal care program 
(Plante and James 2008).

  When performance standards (outcomes focus) are applied to PAM, the leadership of the 
animal care and use program can more effectively determine how noncompliance items are 
typically identified at their institution, the types of noncompliance identified by the various 
monitoring programs, and the approximate associated costs. This approach allows the program 
to minimize those non-value-added components and minimize the regulatory burden when 
possible.

  Semiannual facility evaluations, which are a regulatory requirement in the United States, 
typically identify physical facility issues associated with the animal care and use program. 
The quality of this inspection process can vary greatly, and represents an opportunity for the 
IACUC to self-assess its effectiveness. One possible outcome measure or performance standard 
for semiannual inspections would be to identify with a high level of accuracy direct animal care 
deficiencies present in the animal housing areas. For example, at Institution A, the AAALAC 
site visitors identified facility problems that were not noted in the IACUC semiannual inspec-
tions. Upon introspection, Institution A noted that the semiannual inspections appeared to be 
cursory in nature, as the time required to complete the inspection was minimal. To address this 
concern, Institution A refined its inspection process to ensure that the inspection team included 
one of the veterinarians, and provided additional education to the IACUC members regard-
ing their role in the semiannual inspection and items to look for as they conduct inspections. 
Over the course of the next year, the IACUC then analyzed the effectiveness of this change 
by scrutinizing the number of findings on the semiannual inspection, as well as the type of 
finding. Overall, findings increased by 200%, and furthermore, the findings themselves more 
frequently involved a direct animal care concern or animal welfare issue. The cost of this effort 
was strictly personnel in nature, and included additional veterinary time, preparation time, and 
IACUC member time. Institution A’s IACUC determined that this additional time cost was 
worth the effort since it identified findings that directly impacted the animals at a higher rate 
than before the change was implemented. Most importantly, however, Institution A was able to 
use the information gained on the inspections to leverage facility repairs and enhance preven-
tive maintenance procedures in the vivarium to minimize problems from occurring in the first 
place.

  Another example is Institution B, whose IACUC recognized a concern with their oversight 
of investigator lab areas as identified by an external accreditation agency. In response to the 
agency findings, Institution B implemented a change to include all animal use investigator 
areas that utilize non–U.S. Department of Agriculture (USDA)–covered species in the 6-month 
facility inspections. Note that regulations require those areas to be inspected “regularly” rather 
than “every 6 months” to ensure adequate IACUC oversight. Since many of the lab findings 
related to rodent surgery procedures, additional training was implemented to target aseptic 
technique and postoperative care. During the first several years of this change, the IACUC 
noted that findings in these investigator areas were common; however, after about the third year, 
it was uncommon to identify a problem in these locations. Based on this outcome, the IACUC 
at Institution B redesigned the inspection process to lower the frequency of inspections for 
areas that had no findings on multiple inspections, and maintained the 6-month frequency for 
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laboratory areas that had findings. The use of this continuous process improvement approach as 
applied to the semiannual inspection process has allowed both institutions to achieve an effec-
tive and efficient program of oversight for animal care and use.

  The animal care and veterinary staff are an integral component of the PAM program, and 
frequently are the individuals who identify serious noncompliance issues that impact animal 
welfare. The IACUC should ensure that animal care and veterinary staffs are familiar with the 
research protocols and activities and know how to report problems to the IACUC as applicable. 
On an international level, it is the animal care and veterinary staff to whom monitoring and 
compliance activities often are delegated (Whittaker 2014).

  Institutions that are considering use of a dedicated PAM specialist should determine what 
areas of the animal care and use program may require this additional oversight, and develop 
a feedback mechanism to facilitate correction of the root causes of the noncompliance. The 
qualifications and reporting structure of the specialist may vary depending on the institution’s 
oversight needs. Investing in dedicated PAM personnel can direct resources away from direct 
animal care and research support. Therefore, institutions should make an informed decision on 
the cost–benefit of this nonrequired activity for their institution (Thulin et al. 2014).

  As Haywood and Green (2008) advocated, the IACUC should consider the following three 
questions: Why do we do this? Does it help the animals? Can the end be achieved in a more effi-
cient, cost-effective manner? As the PAM program is structured, it is useful to consider these 
three items to ensure efforts are directed toward the most important areas for their institution.

Organizational Considerations

Institutions provide support of the animal care and use program utilizing a management structure in 
which all support activities are centralized or a structure in which support is distributed among various 
units at the institution. The approach to management varies between academics and private industry 
based on a survey done in 2013, with private industry having a higher predominance of centralized 
support, with all functional areas of the animal care program being provided from the same adminis-
trative unit. In academia, the predominant administrative structure in support of the animal care and 
use program is a distributed model with functional areas (animal care administration and IACUC sup-
port) utilizing separate but parallel reporting structures (Bradfield and Thulin 2013). Pinson (2012) sug-
gested that this separation may weaken the programmatic authority and fiscal stability in the animal care 
program. When studying the impact of organizational culture on the animal care and use program, it 
becomes easy to understand how communication in a distributed administrative structure can be espe-
cially challenging. Specifically, each administrative group is responsible for separate yet complementary 
functional components of the animal care program (Ellenberger and Corning 1999). On one hand, the 
animal care program provides administrative support for direct animal care, while on the other, the 
IACUC office provides administrative support for regulatory documentation associated with animal use. 
The latter function is typically removed from direct animal care, and the focus becomes more regulatory, 
or bureaucratic in nature. The consequence of this organizational structure can be a disconnect of the 
IACUC support staff from both the direct animal care program and the researcher, and lead to dishar-
mony within the functional components of the animal care program (Thulin et al. 2014). Regardless of 
which organizational model is utilized, the institutional culture and personnel involved (Bronstad and 
Tronsdal Berg 2011) will ultimately determine how well the organizational structure functions at an 
individual institution.

Summary

Ensuring the animal care and use program conforms to the regulatory standards does indeed come at 
considerable cost and effort to the institution and the investigators conducting the science. The challenge 
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for program managers and oversight bodies is to conduct the compliance activities in a way that not only 
ensures proper animal welfare, but also is no more restrictive to research than is necessary. Facilitation 
then is about minimizing compliance burden and better accommodating science through flexibility—not 
just about making sure the institution retains its research privileges. Reduction in compliance burden can 
be achieved through careful examination of the attendant processes to eliminate those that are unneces-
sary or do not add value, and to find more efficient ways to perform all others. Embracing performance 
standards paired with careful evaluation of outcomes is important for achieving program flexibility. 
Programs that successfully realize these approaches will certainly be viewed as facilitating both animal 
welfare and the research enterprise.
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Human Care

Pamela A. Straeter, Carolyn M. Malinowski, and Laura A. Conour

Introduction

The daily roles a manager fulfills within an organization are numerous and diverse. Although certain 
skills, such as emotional intelligence and communication, are innate for some managers, many, includ-
ing staff management and oversight of personnel performance issues, must be learned. In this chapter, 
one of the most important roles of a manager is explored, the supervision and care of humans. As man-
agers of human resources, we need to recruit, develop, and retain people with the knowledge and skills 
necessary to function at a level that will aid in achieving organizational goals (Jones et al. 2010a).

What Is a Manager?

The Merriam-Webster Dictionary defines management as “the act or skill of controlling and making 
decisions about a business, department, etc.” (Merriam-Webster 2015b), whereas the Oxford English 
Dictionary defines management as “the process of dealing with or controlling things or people” (Oxford 
Dictionaries 2015). Yet another definition was coined by Mary Parker Follett, a pioneer in the field of 
organizational behavior in the early 1900s. She defined management as “the art of getting things done 
through people” (Reddy and Tripathi 2008). Although there are slight differences in the definitions 
above, the central theme of accomplishing tasks is pervasive. Based on these definitions, one is able to 
intuitively assume that a manager is someone with responsibilities in both personnel and task manage-
ment. In this chapter, the focus will remain on the personnel aspect of a manager’s job.

Central to managing people is the theory of emotional intelligence. This concept is “the ability 
to perceive emotions, to access and generate emotions so as to assist thought, to understand emo-
tions and emotional knowledge, and to reflectively regulate emotions so as to promote emotional 
and intellectual growth” (Swijtink 2016). In layperson’s terms, managers should be able to per-
ceive, understand, use, and manage emotions through self-awareness, self-regulation, social skills, 
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empathy, and motivation (Swijtink 2016). While emotional intelligence in inherent for some managers, 
it may be a learned trait for others.

In addition to emotional intelligence, there are many other traits that are desirable in a manager, includ-
ing diplomacy, tact, and fairness. These traits, along with personal attitudes, behaviors, and actions, 
determine a manager’s individual style. No single recipe for the perfect manager exists. Management 
style is often influenced by existing infrastructure, such as the location, size, and type of institution 
(e.g., academic, government, military, pharmaceutical, or contract research); the type of labor force (e.g., 
contract or union); and the goals of the organization. Regardless of infrastructure type, a manager who 
is able to establish a positive working environment, empower and encourage employees, provide for the 
development of staff, and acknowledge and appreciate staff contributions will realize a sizable return 
on investment in terms of efficiency, effectiveness, and loyalty. However, several caveats exist: What is 
effective at a large pharmaceutical firm may not be the case at a large university. Loyalty may be evident 
with a union labor force, but not with contracted, temporary staff. What is efficient at a large institution 
may not be practical in a smaller one. Each manager must determine what works for him or her and 
which style abides by the culture of his or her workplace environment.

An important delineation must be made between the management of groups and individuals, as the 
two are often handled very differently. To ensure uniform treatment of staff, most institutions have devel-
oped policies, guidelines, or procedures for handling tasks, such as recruitment, discipline, and perfor-
mance reviews. Often, these procedures are in place to ensure consistent treatment of all staff. However, 
the application of established protocols should be adapted to both the individual and the situation. For 
example, one employee may find directness intimidating, while another finds it refreshing. Thus, a man-
ager must learn to effectively interact with individuals while treating all employees equally and fairly.

Management Activities

The activities in which managers engage are too numerous to individually identify in a single book 
chapter. This section breaks these activities down into core concepts and how the resulting activities may 
be measured.

According to the Institute for Certified Professional Managers (ICPM), there are four main activities 
in which managers engage: planning, organizing, leading, and controlling. Although these activities may 
occur individually under certain circumstances, they often occur in the order listed above. When plan-
ning, managers identify strategies, goals, and courses of action. Additionally, they allocate resources to 
aid in achieving set goals and objectives. When organizing, managers work to establish good working 
relationships between coworkers, enabling them to cooperate and collaborate. Leading occurs when 
managers motivate employees and teams. Finally, when controlling, managers evaluate, measure, moni-
tor, maintain, and improve the performance of outlined objectives (Jones et al. 2010b).

Two key, recurring management concepts are efficiency and effectiveness, both of which may be used 
to measure performance in the attainment of goals. Efficiency focuses on how well resources are used, 
while effectiveness focuses on both the appropriateness and degree of achievement of organizational 
goals (Jones et al. 2010c). These are common concepts in popular management strategies, including 
Lean Management™, Six Sigma™, and ISO 9000™, all of which emphasize continuous improvement 
in value, efficiency, and quality.

Training for Managers

In the field of laboratory animal care, it is not unusual for employees to advance through the ranks 
without formal training in the skills necessary to be successful managers. However, it is essential that 
managers receive training to support success in fulfilling their new roles and responsibilities. One of 
the most common sources of training is through the American Association for Laboratory Animal 
Science (AALAS), where various certifications may be obtained. These levels ascend in hierarchy based 
on length of time in the field, education, and experience. They include the assistant laboratory animal 
technician (ALAT), laboratory animal technician (LAT), laboratory animal technologist (LATG), and 
Certified Manager of Animal Resources (CMAR). Another source of management training offered by 
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AALAS is the Institute for Laboratory Animal Management (ILAM), a 2-year program designed with a 
focus on management in the laboratory animal field. Additionally, the Laboratory Animal Management 
Association (LAMA) offers management training through workshops and continuing education oppor-
tunities at its annual conference.

In 2008, AALAS conducted a survey of LATGs and CMARs to identify key knowledge and tasks 
essential for competent job performance. Several of the survey sections addressed the topic of manage-
ment. The majority of CMAR respondents and 38% of LATGs classified themselves as either managers 
or supervisors. However, 86% of CMARs and 55% of LATGs reported that supervising or managing 
employees was part of their job, despite not officially classifying themselves as managers or supervisors. 
More than 80% of both LATGs and CMARs reported that their job responsibilities include the following 
tasks: employee hiring, performance appraisal, corrective actions, and employee termination—again, 
with a notable percentage of both groups lacking a formal title of “manager.” Both LATGs and CMARs 
ranked conflict management as one of the top five competencies to possess in human resource man-
agement, while CMARs also listed management principles and techniques, including interview skills, 
performance appraisals, employee supervision, and career development, as the remaining highly ranked 
competencies. The results of this survey show that management is an important aspect of the job for 
many LATGs and CMARs, regardless of whether their position title references “manager.” Additionally, 
this survey emphasizes the importance of management skills in everyday work duties and the need to 
ensure staff are provided with the necessary training and education to fulfill their roles and responsibili-
ties (AALAS 2008).

An alternative informal way in which mangers are able to learn necessary skills is through the devel-
opment of a local or institutional teaching group, in which managers gather together to share experi-
ences. This allows managers to learn from both the successes and failures of others, as well as how to 
facilitate the development of compassion, understanding, and objectivity that allows them to function 
within the diversity of culture and inherently human situations. Learning by understanding the conse-
quences of actions taken is one of the most powerful tools available.

Employee Composition

A significant amount of information has been shared about attributes of an effective manager, yet it is 
equally important to understand the composition of employees. An employee, as defined by the Merriam-
Webster Dictionary, is “one employed by another usually for wages or salary and in a position below 
the executive level” (Merriam-Webster 2015a). Aside from this definition, employees can also be defined 
based on the method by which they are paid, such as exempt (not eligible for overtime) or nonexempt 
(eligible for overtime), or by the manner in which they are employed (e.g., unionized or contract staff). 
While these labels describe the type of employee, every attempt should be made to ensure that employees 
are treated equally and fairly. Understanding appropriate ways to handle different types of employees 
can be the key to success for an effective manager.

Unionized or contract employees may require a different management approach than nonunionized, 
permanent staff. Union leaders, through collective bargaining, negotiate wages, working conditions, 
personnel safety, hours, and other benefits on behalf of their union members. Unless a manager is at 
the collective bargaining table during contract negotiations, he or she will have little influence on 
the wages, job descriptions, and promotional criteria for his or her staff. Similarly, contract staff are 
paid at a negotiated rate between the company and staffing service based on organizational need and 
the desired skill set of the employees, limiting a manager’s ability to financially motivate and devel-
opmentally enrich his or her employees. These challenges are not, however, impossible to surmount. 
A talented manager can develop unique opportunities for all types of staff without violating rules or 
contracts.

Contract employees are not permanent employees of a company, but rather temporary personnel hired 
for a specific prearranged period. Contract employees may not be required to participate in office meet-
ings and organizational events. The use of contractors can permit an organization to quickly and nimbly 
adjust the size of the workforce to match the labor needs of the organization. However, contract employ-
ees do not receive employer-paid benefits, such as group health insurance, paid vacation and sick leave, or 
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401(k) programs, which may lead to a lack of commitment to the organization and potential for divisive 
interactions with noncontract employees (Dale 2015).

In contrast, some contract staffing companies have full-time permanent employees that are assigned to 
specific government, academia, and pharmaceutical companies for long- and short-term periods. These 
employees participate in the staffing company’s group medical plans, 401(k) plans, and all company-wide 
benefits and events. Accrued paid vacation, sick leave hours, and paid holidays are a standard as well. These 
employees maintain seniority within the company regardless of where they are assigned or relocated.

In addition to the various types of employment, it is equally vital to understand the importance of 
diversity within staff groups. Staffing diversity can create challenges due to differences in views and 
cultural beliefs. For example, there are cultures that consider and value the role of animals in society 
and use in research differently, resulting in dissimilar interpretations of animal welfare relative to pain 
and distress, as well as the use of positive versus negative reinforcement when training animals. It is 
extremely important to understand a potential employee’s ethical views in these areas while also convey-
ing the organization’s philosophy and values for the use of animals in research.

An organization must maintain a culture that is welcoming and hospitable to all employees regardless 
of background or differences; otherwise, costly turnovers will continue as talent leaves for more favor-
able work environments. It is for this reason that attracting a workforce with various backgrounds is the 
first step in creating a strong and heterogeneous workplace. Leading and maintaining that diversity in 
the workforce is much more than managing staff; it is enriching the organization’s culture with diver-
sity programs and embracing differences. Diversity training is an essential part of building a cohesive 
work environment steeped in awareness (Holt 2015). Often, there are many diversity training workshops 
available both within and external to an organization. Some courses may include promoting age, racial, 
cultural, sexual orientation, gender diversity, and discrimination awareness. The combination of a wel-
coming and diverse workplace culture, maintained through frequently offered programs and courses, 
ensures employees at all levels feel valued and are motivated to productively work for any organization. 
With these differences in mind, it is important for managers to recognize and appreciate the web of rela-
tions encompassing a diverse workforce and to appreciate the value it brings.

Recruitment

It is often said that a good manager is only as good as the team he or she builds. However, it is rare that 
an individual walks into a management role with a highly effective and functional team already in place, 
making it necessary to bring in new team members to complete or enhance an existing team. This makes 
the ability to recruit highly qualified applicants a valuable tool for any manager.

Recruiting staff can be a long and exhaustive process, and if a team is already understaffed and over-
whelmed, the sense of urgency to accomplish this may be strong. According to a 2013 CareerBuilder 
survey, 66% of U.S. employers reported that bad hires lowered their company’s productivity, affected 
worker morale, and even resulted in legal issues. Although tempting, a manager should not rush into a 
hasty hiring decision in order to fill an empty staffing position. The more thoroughly candidates are vet-
ted, the less likely they will be a poor match for the team. The right balance of job fit, personality, and 
experience is desired in staffing hires. Job fit is an approach that determines if an applicant’s strengths, 
needs, and experience match the requirements of a particular job and work environment (Heathfield 
2015). An individual with an excellent skill set is not always the right fit for the position.

When considering candidates, the work site or facility “culture” fit is almost as important as the 
required experience level. This concept is often used to define the harmony of a work group, where 
finding the right fit and/or balance is essential. The resulting harmonious work group will have strong 
lines of communication, culminating in an efficient group of employees that meets the program’s goals. 
The right fit may be as simple as like-minded skill sets, work ethic, or interest in the same hobbies or 
beliefs. Some qualities, such as a soft-spoken demeanor or an outgoing personality, are simple to observe, 
while other, equally important qualities require a little more effort to discover. The balance between the 
required skill set, level of education, and type of personality are all important components in finding 
the right fit for vacant positions. The candidate with higher learning credentials and key words on their 
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curriculum vitae (CV) or résumé is not necessarily the best cultural fit for the group. If the candidate 
possesses the essential job requirements, then a manager who is open-minded and a good listener can 
learn more about his or her disposition through effective dialogue.

Whether a position is open due to a vacancy or the addition of new head count, managers should invest 
some time in planning their recruitment strategy. Some of the more widely used recruitment methods 
include placing advertisements on industry-related national and local websites, in newsletters, on list-
servs, and on company Internet sites; publishing internal announcements; using personal referrals; and 
enlisting employment or executive recruitment agencies. Progressive managers may also use social and 
new recruitment media strategies to target the best candidates for their staffing needs. Managers may 
also need to adapt their recruitment strategies according to the level of the position. To attract more 
senior candidates, managers should tap into their own networks, as well as those of their employees, and 
might also consider using an executive search firm.

With the number of talented individuals in the field of laboratory animal care, a hiring manager must 
consider several factors when selecting a team member to join the organization. The importance of 
recruiting for and promoting workplace diversity is essential. According to many organizations, diversity 
is typically defined as valuing and accepting the differences among people with respect to age, class, 
gender, ethnicity, sexual orientation, and mental and physical capabilities (Murphy 2015). To aid in the 
recruitment of individuals from diverse backgrounds, the following suggestions should be considered:

• Develop specific strategies to increase the flow of applicants from a range of backgrounds. For 
example, advertise in a variety of publications, on Internet sites, at international job fairs, and 
at colleges and universities with a diverse student population.

• Establish internships to bring in individuals from a variety of backgrounds to enable interested 
individuals to gain on-the-job experience and skills.

• Promote the hiring of people from nontraditional backgrounds, and implement support systems 
for their transition to the team and workplace.

• Seek referrals from existing employees to find promising candidates within the organization or 
laboratory animal community (Wood 2015).

The larger the pool of applicants a manager can select from, the greater the likelihood that the best and 
right fit for the organization and team will be identified. It is additionally critical that a hiring manager 
utilizes the appropriate tools needed to sift through many applications to ensure applicants not only have 
the right experience and skill set, but also possess employment aspirations that are genuine. The recruit-
ing process can include several phases, depending on the size and type of organization and the hiring 
manager’s preference. These may include an initial review of applications, easily eliminating those that 
do not meet the requirements outlined in the job description; telephone interviews to screen candidates’ 
genuine interest and salary expectations; and in-person interviews, potentially involving a first round 
with a larger pool of interviewers and then a final round with a small number of interviewers from within 
and outside of the department. Frequently, an institution’s human resources department (HRD) can assist 
a manager in initiating the recruiting process based on organizational procedures.

Once the position has been advertised and the applicant pool begins to grow, managers will sift 
through the cover letters, résumés, and applications to identify those candidates that meet the qualifica-
tions of the position. Regardless of profession or job title, managers seek a résumé highlighting not only 
the candidate’s skills required to identify, anticipate, prevent, and solve the typical problems that arise 
daily in that position, but also the accomplishments related to previous efforts (Wood 2015). Therefore, 
managers should focus on applicants with experience, an understanding of the job’s deliverables, the 
tools to perform the job duties, and results-based achievements evident within their résumé or applica-
tion. Candidates who do not qualify can be effectively eliminated from the applicant pool when these 
defined criteria are used as part of the selection process.

Following the initial review of applicants, most hiring managers will set up telephone interviews or 
Skype™ calls in order to conduct initial screens prior to arranging in-person interviews. Some typical 
screening questions are provided in Table 11.1 (Doyle 2015).
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These preliminary screening questions are just a small sampling of inquiries that can be made, partic-
ularly when individuals are new to the industry or have limited experience. It is equally important to take 
the time during the screening process to convey the nature of the work the position entails, particularly 
if the applicant has no prior experience in the field of laboratory animal science. Transparency about the 
less appealing responsibilities of the job, such as standing to perform cleaning and cage-changing tasks, 
wearing personal protective equipment, and handling soiled caging, is essential.

Once a manager has selected the top candidates (typically three to five at the most), the next step in the 
recruitment process is to initiate in-person interviews. Interviews should include key stakeholders who 
will interact regularly with the candidate (Gebelin et al. 2004). For example, when hiring a veterinary 
technician, an interview panel may include a veterinarian, facility supervisor, principal investigator, and 
peer veterinary technician. Depending on the level and complexity of the position, a manager can choose 
to either combine the stakeholders in teams for the interview or arrange one-on-one interactions tailor-
ing the type of questions that may be asked. When coordinating the time allotted for the interview, the 
manager may schedule 1–2 hours depending on the number of stakeholders involved and the configura-
tion of the interview sessions. Higher-level positions will require proportionally increased interview time 
and stakeholder numbers. For example, an interview for a veterinary technician may only last 2–4 hours, 
whereas the time needed to interview for a supervisor may extend to a full day. Another critical step 
is to coordinate interview questions to ensure the same questions are not repeated throughout the inter-
view process. Questions should revolve around the job candidate’s personality, strengths, weaknesses, 
knowledge, skills, abilities, and talents that account for on-the-job performance. This type of questioning 
is called competency-based interviewing, and it is the most effective method used (Types of interviews 
2015). This method is also referred to as targeted selection interviewing, used to evaluate candidates’ 
past performance and behaviors as predictors of future performance. Furthermore, the use of open-
ended questions with this approach is most effective, such as

• Describe the best boss you have reported to.

• Describe motivations and frustrations on the job.

• Tell me about the toughest job-related decision you have ever made.

When using this approach, the candidate may talk about past lessons learned and reveal details about his 
or her personality, diplomacy skills, and ability to work as part of a team.

Providing an opportunity to tour the applicants through the work environment to give them a firsthand 
account of the type of work they will be expected to do is an effective approach to include in the inter-
view process. Additionally, a manager may pair them with a seasoned staff member performing that job 
so they can speak informally about the advantages and challenges of working in that role. It is prudent to 
ensure that the staff member conducting the tour understands the ultimate goal of having a dependable 
coworker, and that he or she is representing the department and organization to a prospective employee. 

TABLE 11.1

Typical Screening Questions for Telephone Interviews

What is the previous employment history, including the names of employers, job titles and descriptions, 
and dates of employment?

What are/were your roles and responsibilities? Describe your experiences working directly with animals?

What major challenges and problems did you face? How did you handle them?

How do you handle stress and pressure?

What motivates you?

What is the difference between animal rights and animal welfare?

What type of work environment do you prefer?

How would this position fulfill your short-term and long-term goals? 

What are your compensation expectations?

www.ebook3000.com

http://www.ebook3000.org


207Human Care

This exercise also helps to convey job expectations to a potentially overqualified applicant. Any method 
the hiring manager employs to ensure that candidates fully understand the job responsibilities will mini-
mize the potential for employee turnover and failed recruitment efforts.

Once the candidate pool has been narrowed, the selection process becomes more difficult. A manager 
may be left with two to three ideal candidates warranting a second round of interviews with a different 
set of interviewers using a battery of more detailed inquiries about the applicant, his or her qualifications, 
and his or her ability to perform for the organization. During the second interview, discussion may ensue 
around such topics as terms of employment, working conditions, benefits, and pay. Managers should be 
prepared to field questions but avoid committing to specific terms relating to pay wages and benefits 
unless they have the approval to negotiate specific terms.

Once the interviews have been completed, the interview panel should provide their feedback directly 
to the hiring manager. Managers may find it beneficial to set up a meeting with the interview panel to 
assess the extent to which each candidate met their selection criteria; however, it is important to ensure 
interviewers are not swayed by others into changing their rankings and opinions. Ideally, the candidates 
will be ranked based on qualifications, ability to perform the job, and the responses from the targeted 
selection method of gathering past performance experiences. At this point, the manager typically transi-
tions the hiring process to his or her HRD representative, who will make the actual job offer, to include 
the terms of employment, such as wages, benefits, background checks, and a mutually agreed upon 
start date. A best practice following receipt of the feedback on candidates should involve collecting and 
retaining notes from the interviews conducted. Most organizations require the retention of interview 
documents, as they are important in protecting the institution against an accusation of unfair hiring 
practices.

A critical part of the hiring process, and one that smaller institutions in particular may overlook, is 
a background check on the chosen candidate. Employers within the biomedical research community 
are vulnerable to individuals from animal extremist groups looking for opportunities to infiltrate orga-
nizations, potentially stealing, vandalizing, and misrepresenting research activities at the institution. 
It is highly recommended that hiring managers conduct searches using publicly available informa-
tion available through Internet searches, social media, and professional association organizations. For 
example, does a candidate maintain local or national AALAS membership, which might serve as an 
indication of his or her commitment to the profession of laboratory animal science? Any background 
information gleaned from these various sources could be useful in determining if the applicant is ideal 
for a position involving highly sensitive responsibilities, such as caring for and working with research 
animals. It is worth the investment to use organizations that provide background and security checks 
for a fee.

Selection and Staff Onboarding

Once the preferred candidate has been identified, terms of employment agreed upon, and a suc-
cessful background check completed, the hiring process is complete. The next step is to initiate the 
onboarding of the new staff member—a process equally as important as recruitment. There are many 
functions (e.g., animal care, veterinary services, and business office administration) within labora-
tory animal care programs that require customized orientation and training. Managers are respon-
sible for orientating new employees to the institution and the expectations of their new role. Even if 
an organization has a formal institution-wide onboarding program, the manager remains the most 
important person in the onboarding process (Vernon 2013). Table 11.2 contains typical activities 
that a manager may incorporate into the process of orientation and onboarding of the new employee 
(Purdue University 2015).

When considering how to develop an onboarding strategy, there are three broad categories of informa-
tion a new employee needs: general information for all employees about the organization, department-
specific information, and job-specific information. While each manager may have a unique approach 
to new employee onboarding, it must be ensured that new employees have all the tools necessary to be 
successful productive members of the team.
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Following the initial orientation and onboarding activities, managers should continue to focus their 
attention on

• Providing the appropriate balance of structure and independence to promote the success of new 
hires in their roles and responsibilities

• The use of coaching conversations to diffuse anxiety, establish responsibilities and expecta-
tions, and provide actionable feedback to guarantee skill development and achievement of per-
formance goals

• Adapting best practices for managing a diverse workforce and personal work styles

• Providing appropriate opportunities for leadership whenever possible

Managers who appropriately structure new employees’ onboarding activities will convey to them that 
they are a priority to the organization. It is critical to welcome new employees, thus affirming their 
choice to join the organization, motivating them to continuously contribute to the success of the business, 
and exciting them with the prospects of a new job (Gebelin et al. 2004).

Retention

The recruitment of individuals with the desired skills and knowledge to be successful in their job is but the 
first step in staff management. An equal challenge is how to retain these individuals within the organization.

Regardless of the employee type or background, most individuals will look to their managers for 
opportunities to grow within the organization and further develop their knowledge, skills, and abilities 
in the field of animal care and use. Managers can assist staff by sharing a potential positions diagram 
(an example is shown in Figure 11.1), discussing how the person can prepare for different types of jobs 

TABLE 11.2

Typical Onboarding Activities to Be Conducted by the Manager/Management Team

Timing Objective Sample Activities to Be Done for the New Hire

Prior to the first 
day

Create the employee’s first 
impression.

• Send out introduction and welcome letter to colleagues.
• Create an onboarding schedule.
• Gather requisite forms to be completed.
• Work with the HRD to schedule organizational orientation.
• Identify workspace.
• Order supplies/equipment needed to work.

First day Welcome the employee! This 
is a day of discovery, 
administration, and 
introductions.

• Schedule meetings with the business office to complete new hire 
paperwork.

• Schedule tours of the department and workspace.
• Arrange a meeting with the manager to discuss job expectations 

and management style.

First week Help the employee get 
acquainted with the 
organization and new role.

• Have employee work with a colleague for on-the-job training.
• Set up initial manager check-in meeting.

First month The employee becomes a 
productive member of the 
organization.

• Schedule meetings with other departments for the employee to 
learn their functions.

• Facilitate opportunities to learn more about the organization’s 
services and benefits.

• Ensure that the employee is immersing in organizational culture.
• Schedule a meeting to create a development plan.

Future actions The employee continues 
orientation. Onboarding is an 
ongoing learning process.

• Identify any additional formal training needed.
• Hold ongoing check-in meetings.
• Perform 30-, 60-, and 90-day performance reviews and annual 

evaluation.
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KEY TO FIGURE 11.1

CERTIFICATIONS

American Association for Laboratory Animal Science (AALAS) (https://www.aalas.org/)

ALAT Assistant Laboratory Animal Technician
LAT Laboratory Animal Technician
LATG Laboratory Animal Technologist

AALAS in partnership with the Laboratory Animal Management Association (LAMA) 
(http://www.lama-online.org/) and Institute for Certified Professional Managers (ICPM) 
(https://www.icpm.biz/)

CMAR Certified Manager of Animal Resources

Public Responsibility in Medicine and Research (PRIM&R) (http://www.primr.org/)

CPIA  Certified Professional Institutional Animal Care and Use Committee (IACUC) 
Administrator

Institute of Animal Technology (IAT) (http://www.iat.org.uk/)

MIAT Member of the IAT
RAnTech Registered Animal Technologist
NACWO Named Animal Care and Welfare Officer
FIAT Fellow of the IAT

LICENSES

RVT Registered Veterinary Technician
CVT Certified Veterinary Technician
LVT Licensed Veterinary Technician

MILITARY OCCUPATIONAL SPECIALITY

68T Animal Care Specialist (United States Army)

BOARD CERTIFICATIONS

ACLAM American College of Laboratory Animal Medicine
ECLAM European College of Laboratory Animal Medicine
ACAW American College of Animal Welfare
DABT Diplomate, American Board of Toxicology
DACVP Diplomate, American College of Veterinary Pathology

FORMALIZED EDUCATION

HS High school diploma
GED Graduate equivalency degree
AA Associate of arts
BA Bachelor of arts
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in the field, and what qualifications may be required to qualify for the various opportunities. It is impor-
tant to stress to employees that there are occasions where an employee has fulfilled all the qualifications 
for advancement, but a particular position within an organization is not available or an opportunity for 
promotion does not exist at that time.

Managers use coaching, motivation, performance reviews, and discipline to tailor employee efforts 
and contributions progressing toward achievement of individual performance and organizational goals. 
Before a manager can engage in any of the activities listed above, he or she must first have an under-
standing of the employee as an individual. This includes understanding the employee’s professional and 
personal goals, desires, and aspirations or lack thereof.

Managers serve as coaches by engaging with employees on a daily basis to enhance and strengthen 
their presence within an organization. Coaching is an informal process by which the manager pro-
vides insight, guidance, and encouragement to aid employees in performance improvement and goal 
attainment. In some circumstances, managers may also act as mentors for employees, although more 
commonly, mentors are not the employee’s direct supervisor. A mentor–protégé relationship is one that 
typically develops between a high-ranking person with a great deal of experience and a junior person. 
The mentor may fulfill many roles for the protégé, including that of role model, teacher, confidant, 
counselor, coach, and advisor. These functions fall into two main categories, career and psychosocial. 
In the career category, a mentor engages in activities such as coaching, sponsorship, providing exposure 
and visibility, challenging perceived limitations, and providing career and organizational advancement 
advice that help to enhance protégé career progression. In the psychosocial category, mentors participate 
in interpersonal aspects that give the protégé a sense of identity, competence, confidence, and effective-
ness in personal as well as professional development. Whether coaching or mentoring, it is the function 
of the manager to provide support to help guide the employee to meet development goals and perfor-
mance standards and, if desired, attain new heights in his or her career (Ragins and Cotton 1999).

Keeping employees motivated to perform at high levels can prove challenging, as motivation dif-
fers for each employee, frequently changes with personal circumstances, and is often dependent on the 
stage of the employee’s career. To help understand the source of motivation, the manager should first 
determine if the behaviors exhibited by the employee are either intrinsically or extrinsically motivated. 
Those that are intrinsic are evident when the employee derives a sense of accomplishment or satisfaction 
from completing assigned tasks or projects and helping the organization attain its goals. Comparatively, 

BS Bachelor of science
BSc Bachelor of science (university degree)
MA Master of arts
MBA Master of business
MS Master of science
MLAS Master of laboratory animal science
DVM Doctor of veterinary medicine
VMD Veterinary medical doctor
PhD Doctor of philosophy
MD Medical doctor
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extrinsically motivated behavior is performed either to acquire something (e.g., recognition, bonus, or 
award) or avoid punishment (Jones et al. 2010c). There are many resources available to help guide man-
agers in understanding what motivates their employees. A few of the major theories proposed that drive 
motivation are described below (Jones et al. 2010c):

• Expectancy theories, such as the one developed by Victor Vroom in the 1960s, state that if 
workers believe that high effort levels lead to high performance, which in turn leads to a desired 
outcome (e.g., bonus or promotion), then motivation will be high.

• Needs theories, such as Maslow’s hierarchy of needs, focus on five basic needs that people 
must meet. In this theory, the lowest level of unmet need drives motivation. Needs starts with 
physiological demands (e.g., food, water, and shelter) and safety (e.g., security and stability), 
progresses to the need for belonging (e.g., friendship and love) and esteem (e.g., feeling good 
about oneself), and ends with self-actualization and the realization of one’s full potential.

• Equity theories are based on the employee’s perception that there is equity within an organi-
zation and the effort, skills, and knowledge that they contribute, as well as the outcomes they 
receive, are equal to those of their peers.

When offering feedback, managers assess and evaluate employee behaviors, contributions, and perfor-
mance in comparison with set expectations and standards, in either a formal or informal manner (Jones 
et al. 2010a; Taylor 2015). Feedback is usually given at a set interval in the form of a performance review, 
but it may also occur at variable frequencies, including immediately at the completion of a task or project, 
at set intervals throughout the year, or annually. Feedback may be presented either formally or informally, 
depending on the situation. Depending on the institution, formal performance reviews may occur either semi-
annually or annually, while informal reviews occur as the manager deems necessary. The goal of feedback 
is to reshape or reinforce behaviors and strive for continuous improvement and development (Taylor 2015). 
Feedback is deemed to be effective if the following elements are met: specific, work related, nonpersonal, 
descriptive, timely, frequent, documentable, purposeful, nonprescriptive, constructive, balanced, occurring in 
an appropriate setting, and interactive (Jones et al. 2010a). As a manager, it is desirable not only to be able to 
give feedback, but also to seek and receive it from others for both employees’ and the manager’s own reviews.

In addition to providing feedback during performance reviews, managers also assess future program-
matic needs and set goals for the employee to accomplish. A common acronym used when setting goals 
is SMART, where goals that are specific, measurable, attainable, realistic, and time-bound are made 
(Table 11.3). Goals may focus on attaining a certain level of performance, mastering a task, or demon-
strating skills or knowledge (Doran 1981).

Assessment of goals may be based on how the employee performs his or her job, performance results, and 
accomplishments. In addition, the skills, abilities, and personality characteristics that directly pertain to the 
job may be included in the review. Individual goals should be aligned with those of the institution and should 
give employees opportunities for growth and development. By setting SMART goals, the manager establishes 
concrete criteria against which to evaluate an employee’s performance. These criteria may then be used to 
provide objective information for decisions regarding raises, bonuses, and promotions, as well as to identify 
any gaps that may exist in knowledge or skills (Jones et al. 2010c). It is important to consider including feed-
back from others at the institution, such as peers, customers, subordinates, or often the employees themselves 
(e.g., self-assessment), as this may contribute to a more well-rounded and complete performance assessment.

Recognition, incentives, rewards, bonuses, and promotions are key aspects of motivation and performance-
based reviews. While bonuses and promotions are self-explanatory, it is necessary to distinguish between 
other key motivational aspects based on subtle differences. Recognition can be an award, verbal praise, 
or public announcement to recognize an accomplishment made by an employee. Rewards are benefits 
given to an employee for an achievement, an effort made, or a service performed, the desirability of 
which is contingent on what the reward is, the value the employee places on the reward, how it is given, 
and how receiving an award is perceived socially. Incentives are something desired by the employee 
that he or she works toward attaining. This could be in the form of a bonus or reward. These are all 
approaches that may be employed by managers to help boost performance.
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Issues with performance may arise for a plethora of reasons. Conflict is one type of performance prob-
lem that occurs often in the workplace and can arise due to a wide variety of reasons, including commu-
nication or interpersonal misunderstandings; discrepancy of opinions; clashes of opposing wishes, goals, 
wants, or needs; scarcity of resources; overlapping authority; feelings of unfairness or underappreciation; 
differing rewards or evaluation systems; perceived inconsistencies or inequalities; and job dissatisfaction 
(Jones et al. 2010c). Conflicts may occur at any level within an organization, between individuals, or 
within or between groups or teams. When approaching conflict, a manager should consider the following 
(Jones et al. 2010c):

• Identify the problem and focus only on the problem.

• Use peer mediation to let the involved parties solve the conflict themselves.

• Negotiation may be necessary with the use of mediators as facilitators or arbitrators to settle 
a dispute.

• Compromise is essential, and any sense of unfairness will perpetuate the situation.

• Encourage collaboration and cooperation.

Unresolved conflict is one of the many issues that frequently leads to disciplinary problems. When 
an employee requires discipline, first identify the problem and determine if the action or behavior was 
intentional or unintentional. Some behaviors or actions may be grounds for immediate dismissal from 
the institution. Behaviors that fall into this category are often outlined by the HRD during the employee 
orientation process. Dealing with disciplinary issues is often very uncomfortable for many managers. 
Table 11.4 describes considerations for managers when dealing with disciplinary issues.

As a manager, your approach to discipline will greatly influence how the employee perceives the event. 
For employees, a sense of fairness ranks high on the scale of importance with regards to the outcome of a 
disciplinary event. Research shows that once the discipline has occurred, many employees only remem-
ber the negative aspect of the event, even if behaviors or actions change, while managers tend to focus on 
the positive outcomes. These perceptions often stem from the emotions of feeling reprimanded and the 
social stigma of peer awareness of the event. Discipline may also involve financial or legal ramifications, 
such as ineligibility for bonuses or performance-based increases, and may also include a final written 

TABLE 11.3

SMART Criteria for Goal Setting

Acronym Criteria Description

S Specific What: What does one want to accomplish?
Why: Specific reasons, purpose, or benefits of accomplishing the goal.
Who: Who is involved?
Where: Identify a location.
Which: Identify requirements and constraints.

M Measurable How much?
How many?
When will it be accomplished?
Indicators should be quantifiable.

A Achievable How can the goal be accomplished?
How realistic is the goal based on other constraints?

R Realistic Does this seem worthwhile?
Is this the right time?
Does this match other efforts/needs?
Is this the right person for the job?

T Time-bound When?
What can be done 6 months from now?
What can be done 6 weeks from now?
What can be done today?
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warning leading up to dismissal (Atwater et al. 2007). It is imperative to ensure that there is written 
documentation of all disciplinary events; this documentation is essential for tracking recurring undesir-
able events that may progress to employee termination. It is important for a manager to keep records of 
all disciplinary action performed, whether informal or formal. A convenient method of documentation 
to employ for informal actions is for managers to send e-mails to themselves with event details, includ-
ing conversations and actions taken. Informal records help the manager remember incidences that, while 
not egregious on their own, may be part of a larger problem. Should termination become necessary, 
these e-mail records will prove invaluable, avoiding vague recollections at a later date when attempting 
to recall specific events. In the event of a termination, it is advisable to seek guidance from the HRD to 
ensure that the dismissal is conducted in a legal manner.

Disciplinary action is a very sensitive area and often presents an emotionally charged situation. It is 
essential that managers not only are familiar with the institutional forms and processes, but also work in 
close consultation with the HRD. Confidentiality and consistency are of utmost importance both in the 
handling of the situation and during the documentation process.

Development

Employee development reduces costs due to decreased personnel turnover, thus yielding a larger return 
on employee investment. Organizational investment in an employee’s career improves morale, boosts 
productivity, and increases organizational efficiency (Jehanzebi and Bashiri 2013). Employee develop-
ment comes in many forms and targets two overall areas. While these two areas sound similar and are 
often mistakenly used interchangeably, employee development (also referred to as staff development) and 
career development are distinctly different. Staff development typically refers to a company’s efforts to 
train and develop an employee for internal benefits. Career development is generally used to describe the 
efforts that an employee takes to learn new job skills to enhance current career opportunities or to enter 
a different field altogether. In order to understand the manager’s role in employee development and where 
the greatest impact lies for the organization, as well as the employee, it is important to understand the 
contrasts between staff and career development, as well as where these areas may overlap.

Staff development tends to focus on job-related skills that contribute directly to the function of the 
organization (Johnston 2015). To offer staff development, a manager must first identify operational areas 
where productivity or efficiency needs to be improved. A manager can then find or develop training 
programs to address specific skills that will immediately improve job performance. For example, if a 
manager identifies an employee with supervisory potential, he or she may recommend a management 
course offered either internally or externally. Alternatively, an employee may struggle when dealing with 
fellow staff that have varying opinions or with different personality types, making a workshop on con-
flict resolution an appropriate developmental training session to be recommended by the manager. These 
are just a couple of examples of staff development that can help an employee’s overall work performance.

The identification of learning and development needs, in addition to the implementation of staff devel-
opment, is a shared responsibility between management and employees. The organization provides the 

TABLE 11.4

Approaches to Disciplinary Actions

Be sensitive to personal and cultural differences. The same approach may not work for everyone.

Make sure discipline is done in private.

Try to keep emotion out of the discipline event.

Use a counseling approach, not a legal one.

Adopt positive nonverbal clues, such as making eye contact, nodding in understanding, keeping the body relaxed, and 
using a soft tone of voice.

Make sure employees understand the policies and discipline procedure.

Provide a clear explanation of the behavior or problem by being specific and identifying the details of the incident.

Make clear that the purpose of the discipline is to help the employee improve or change.
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policies and organizational directions that often set the stage for staff development. The manager aligns 
the development of the individual with the directions of the organization while encouraging individual 
staff members to be responsible for monitoring their own skill levels with regard to job requirements and 
development. An example of this can be seen when an organization institutes new core values and imple-
ments training initiatives in support of this effort. The manager works with staff to ensure that training 
is completed, staff understand how the change impacts the manner in which their daily work is carried 
out, and they are responsible for training compliance.

Career or professional development tends to focus on career-related skills, some of which may benefit 
the organization immediately and directly, while others contribute to the person’s professionalism and 
competency in more general terms. Professional development should be considered a benefit offered, 
much like health insurance. This benefit may not address training directly specific to job-related tasks, 
but it can help model personality and professionalism in an employee. For example, AALAS certification 
may not be required for a position, but once obtained, the employee has demonstrated not only compe-
tency for the job but also a professional commitment to the field. Industry certifications will also provide 
opportunities for the professional to relocate or gain employment within global organizations.

Professional development that seeks to provide broad instruction in relation to careers must focus on 
specific competencies that can actually improve performance within the organization. Using the exam-
ple above, an individual’s status in the profession is enhanced once he or she is certified as an ALAT; 
however, by virtue of the knowledge required to attain the certification, the certification may actually 
improve the day-to-day work performance within the organization.

The responsibility for career development primarily resides with the employee, thus placing the 
manager in the role of facilitator and counselor. Employees should be actively involved in their own 
career planning by formulating career goals and developing a plan to reach those goals. Career planning 
requires a conscious effort on the part of the employee; specifically, it requires time, research, and effort. 
An employee should devote time to reflect on likes, dislikes, and how they pertain to the career of inter-
est. This may even involve looking beyond an employee’s current job for transferable skills. Career plan-
ning is difficult work; it does not happen automatically. A major component of career planning involves 
setting short- and long-term career goals, which will assist in making the process more manageable as 
career plans progress or change. Furthermore, the manager can assist by providing encouragement and 
guidance to the employee, but the drive must come from within the individual (Byars and Rue 2006). 
Moreover, managers are also responsible for assisting staff with setting goals and identifying tools to 
help with career development. A manager can facilitate employee understanding of available career 
opportunities within the organization as they relate to employees’ abilities and interests. For example, 
a person might strongly desire to advance to the position of department manager until discovering that 
there is only one manager role in the department, and that this position requires advanced education and 
various certifications, such as CMAR. Most importantly, a manager must recognize that career plan-
ning or development is not something one person can do for another; it has to come from the individual. 
Only the individual knows what she or he really wants out of a career, and certainly these desires vary 
appreciably from person to person.

One of the most effective approaches for achieving career aspirations is for staff to share their career 
plans and goals with their manager to ensure that they are not only realistic, but also attainable. The 
creation of a timeline for this plan is equally important using incremental milestones and scheduled 
checkpoints to discuss progress. Plans and timelines often require adjustments, as unexpected work or 
life events impede progress.

In the laboratory animal care field, there are many opportunities for individuals to develop and advance 
their careers. Many institutions offer tuition reimbursement packages for those who wish to further their 
educational endeavors. Most opportunities for advancement to a manager or supervisor level require a degree 
in higher education, such as a bachelor’s or master’s degree in the sciences. In the past, it was difficult to 
attend college-level courses while working full-time. Today, alternative options exist for those interested 
in obtaining a master in laboratory animal science. One option includes “distance learning,” a term used 
to describe an education that is received at an off-site location, primarily with the use of computer-based 
programs developed for virtual teacher and student classroom interactions. Previously, students who par-
ticipated in a distance learning program received their education through correspondence courses, but 
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today’s technology makes many other options possible. Whether it is Drexel University, Eastern Virginia 
Medical School, Newcastle University, or the Institute of Animal Technology (IAT), accredited distance 
learning programs offer graduate-level courses, which can be taken through online courses anytime and 
anywhere in the world.

Institutions often require one of several industry-related certifications as a means to not only dem-
onstrate a commitment to continued education in the field of laboratory animal science, but also serve 
as an authoritative endorsement of an individual’s level of knowledge and competency in laboratory 
animal technology. A global professional body in the field of animal technology founded in 1950, IAT 
in the United Kingdom offers continued education opportunities that encourage animal technologists to 
develop their knowledge, skills, and attitudes. Additionally, the AALAS-sponsored technician certifi-
cation designations of ALAT, LAT, and LATG are well known and widely used throughout the varied 
fields of laboratory animal science. It is worth noting that these certifications begin at the entry level for 
a technician and provide for a natural progression as experiential skills are attained. Many institutions 
offer incentives for taking the certification exams, which include reimbursement of exam fees, provision 
of study materials or courses, employer-paid time to study, promotions, bonuses, or salary increases with 
successful completion of a certification exam. As a manager, it is important to emphasize the importance 
of these certifications, which are examples of where staff and career development overlap: employers 
may require AALAS certification for a particular job title, but the employee also benefits professionally 
from an industry perspective. Employees may also demonstrate their dedication to continuing education 
by maintaining their certification in the AALAS Registry, which requires submission of continued edu-
cation units (CEUs) every 2 years to keep certification current and active.

Managers and supervisors also have the opportunity to further their own developmental endeavors 
through the AALAS-sponsored CMAR program, which is designed to increase competency and profes-
sionalism in the field of laboratory animal resources management. In addition to the CMAR program, 
AALAS offers the ILAM educational program. This program was originally established by LAMA 
and was adopted by AALAS as a cosponsor. ILAM was developed to provide instruction in manage-
ment concepts applicable to the laboratory animal science field, as well as to enhance communication, 
team building, and networking among colleagues with mutual interests. Additionally, many organiza-
tions have internal courses, potentially as part of a management certificate program, which offer the 
basic components of people management, such as conflict resolution or diversity training, often includ-
ing company-specific core values and behaviors. Managers are encouraged to take advantage of all the 
resources available to them within their organization, as well as those offered externally.

Workforce Diversity and Career Development

Career development is not uniform across a diverse workforce. Depending on an individual’s back-
ground, developmental needs can differ greatly, and an effective manager understands that one size 
does not fit all. Members of a diverse workforce identify by attributes such as culture, ethnicity, gender, 
race, religion, and multigenerational identification. Understanding differences between the generations 
is fundamental to building a successful multigenerational workplace. Each generation has particular 
needs that include specific preferences, expectations, beliefs, and work style. A brief description of each 
generation and their values and views toward development and career planning is included in Table 11.5 
(Symonowicz and Straeter 2008).

A key to effective management lies in understanding the types and attributes of these individuals. 
Much of this knowledge is founded in the understanding of the generation to which these individuals 
belong.

Another subset of a diverse workforce includes staff with special needs or disabilities. The Americans 
with Disabilities Act of 1990 (ADA 1990) was established to mandate ending discrimination in employ-
ment, as well as opening society to the disabled for most situations in everyday life (ADA 1990). 
Disability is defined as a physical or mental impairment, which substantially limits one or more major 
life activities (Suckow et al. 2001). These could include such activities as hearing, seeing, speaking, 
walking, performing manual tasks, caring for oneself, learning, or working. According to the ADA, 
people with disabilities must be qualified to perform the essential functions or duties of a job, with 
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or without reasonable accommodation, in order to be protected from job discrimination. The individ-
ual must satisfy the employer’s requirements for the job, such as education, employment experience, 
skills, or licenses. The individual must also be able to perform the essential functions of the job with 
or without reasonable accommodation. “Reasonable accommodation” is any change or adjustment to a 
job or work environment that permits a qualified applicant or employee with a disability to participate 
in the job application process, to perform the essential functions of a job, or to enjoy benefits and privi-
leges of employment equal to those enjoyed by employees without disabilities (U.S. Equal Employment 
Opportunity Commission 2015). For example, reasonable accommodation may include provision or 
modification of equipment or devices; restructuring of job tasks or responsibilities; modification of work 
schedules; reassignment to a vacant position; adjustment or modification of examinations, training mate-
rials, or policies; or provision of readers and interpreters to make the workplace readily accessible and 
usable by people with disabilities. Some of the activities mentioned above are critical to the essential job 
requirements, making reasonable accommodations unrealistic and difficult. In addition to the ADA, the 
U.S. Department of State addresses the global concerns around disabilities through the Special Advisor 
for International Disability Rights (SADR), which leads the U.S. comprehensive strategy to promote and 
protect the rights of persons with disabilities internationally. The United States, as part of the foreign 
policy, works to remove barriers and create a world in which disabled people enjoy dignity and full inclu-
sion. Whether within country or outside, managers should make every effort to familiarize themselves 
with not only U.S. federal and state regulations, but also those rules and policies that may impact manag-
ing individuals with disabilities in a global environment.

An employer is required to provide a reasonable accommodation to a qualified applicant or employee 
with a disability unless the employer can show that the accommodation would create an undue hardship, 

TABLE 11.5

Generational Categories

Generation Values Development Approach

Traditionalists
(Born 1925–1945)

• Change averse; not very risk tolerant; respect 
authority and hard work

• Build a legacy, a lifetime career with one 
company

• Most retired; if not, provide 
low-stress and stable environment

• Not looking for advancement; will 
work hard for wages

Baby boomers
(Born 1946–1964)

• Lifestyle revolves around work; balance is a 
quaint idea but not really a possibility

• Build a perfect career and excel
• Team players and loyal, but do not adapt well to 

change

• Interested in exciting, challenging 
projects

• Strive to make a difference

Generation X
(Born 1965–1980)

• Develop behaviors of independence, resilience, 
and adaptability; work to live and view the world 
with a little cynicism and distrust

• Strong team players and collaborators
• Build a transferable career; variety of skills and 

experiences
• Entrepreneurial thinking, but rank low on 

executive presence

• Opportunities to learn and grow
• Desire manager’s 

acknowledgment of job well done

Generation 
Y—Millennials

(Born 1981 and 2000)

• Constant experience in the networked world 
(grew up on computers and the Internet); 
computer access has had a profound impact on 
their style in approaching problem-solving 
situations

• Build several parallel careers; have several jobs 
simultaneously

• Generally, not strong team players

• Desire flexible work schedules 
and a more rounded work–life 
balance

Generation 
Z—Nexters

(Born after 2000)

• Just beginning to enter the workforce as part-time 
high school students

• Behaviors are expected to follow 
those of generation Y
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requiring significant difficulty or expense. Managers and organizations can benefit greatly by the inclu-
sion of these individuals in their workplace, potentially enriching the lives of those with special needs. 
Individualized training is emphasized and is a key factor in ensuring a successful integration of the 
individual into an organization (Weichbrod 2015).

A unionized or bargaining unit staff is another type of work group diversity that may require a dif-
ferent managerial approach, which should be in alignment with the collective bargaining agreements 
(CBAs) in place. Managing unionized staff can sometimes have additional challenges, particularly when 
it comes to hiring and recognition practices. However, regardless of the type of staff, managing with 
consistency, fairness, and respect will lead to a more successful work environment. Additionally, under-
standing and respecting the terms of the CBA or union contract is an important aspect of successful 
workforce management. Most agreements contain job descriptions that may or may not be detailed 
and specific, creating challenges to provide individualized developmental and career progression plans. 
For example, if a highly qualified and skilled union employee were to be given a leadership or growth 
opportunity that was not offered to other union employees, there is a possibility that the manager will be 
grieved by the union as a result of a violation to the CBA. However, there are many ways to create unique 
opportunities for the development of unionized staff. One example is through the use of self-directed 
work teams (SDWTs), which allows for staff autotomy and the ability to have control and input on work 
processes without compromising quality and workplace policies. SDWTs are one aspect of the self-
managed approaches developed for unionized staff that has proved effective for Taco Bell®, Walmart®, 
and Costco®, as well as a 3M™ manufacturing facility in the early 1990s. More specifically, an SDWT 
is a group of people, usually employees in a company, who combine different skills and talents to work 
toward a common purpose or goal without the usual managerial supervision (Williams 1995). In order 
for an SDWT to succeed, the company or organization must provide a meaningful mission statement to 
the team, empower the team to make important decisions, establish boundaries through the provision of 
rules and company policies, and train members in the skills and knowledge needed to accomplish their 
purpose. Similarly, a high-involvement workplace is another scenario where employees exercise control 
over daily tasks, cited as one of the most important work characteristics to produce happiness on the 
job (Reinhard 2015). High-involvement work teams improve productivity and job satisfaction by giving 
workers more autonomy and encouraging cooperative work efforts. With these tools, the team is held 
accountable for the success or failure of a project (Williams 1995). In both examples, work teams are 
focused on learning and continuous improvement. The team’s mandate is not just to get a job done, but 
to use competitive intelligence, market information, and internal statistics to find better ways to perform 
its job responsibilities (Reinhard 2015). To optimize the effectiveness of high-performance work teams, 
managers must focus on employee continuing education and career development.

Conclusion

In today’s competitive workplace, companies and institutions must offer more than a competitive salary 
to attract and retain excellent employees. Employee loyalty is at a reportedly all-time low, and indi-
viduals focus more on maintaining a portable skill set in order to move from opportunity to oppor-
tunity, rather than forging a long-term commitment to a company (K@W 2012). According to a 2011 
Careerbuilder.com report (http://business.time.com/2012/05/11/declining-employee-loyalty-a-casualty 
-of-the-new-workplace/), 76% of full-time workers, while not actively looking for a new job, would leave 
their current workplace if the right opportunity came along. Other studies show that each year, the aver-
age company loses from 20% to 50% of its employee base. Following a MetLife study in 2011, the vice 
president of MetLife’s U.S. business made a profound statement: “Businesses are understandably focused 
on expenses, but they’re taking their eye off the ball with human capital issues, notably what drives 
employee satisfaction and loyalty” (Petrecca 2011). Given the current uncertain climate, managers are 
forced to learn motivational strategies to attract and retain the best workers at the risk of losing them to a 
competitor who has strong motivational retention strategies. Unlike previous generations, today’s genera-
tion of employees work for different reasons and look for different job-related experiences. Historically, 
a weekly paycheck served as a sufficient motivator, but now is only one in a myriad of factors that 

www.ebook3000.com

http://business.time.com
http://business.time.com
http://www.ebook3000.org


219Human Care

motivate employees. Some people desire a social connection with their colleagues, some work to fulfill 
their self-worth, and yet others work to move up the corporate ladder. Managers today need to do more 
than give the occasional pat on the back; they need to develop a dynamic and diverse workforce spanning 
several generations that requires a number of management tools to address individual staff characteristics, 
needs, and issues. It starts from the beginning, with recruiting the right team members, implementing 
the appropriate developmental plan for each individual, and demonstrating the desire to retain the talent. 
Although not all-inclusive, this chapter is designed to provide some of the important tools that will equip 
the manager for success. The field of human resources is not always born out of instinct, and managers are 
warned not to become overly confident in their skills, but instead to continually invest in their self-growth.
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Each research facility shall provide for the training of scientists, animal technicians, and other personnel 
involved with animal care and treatment in such facility.

AWAR 2013

The U.S. Government Principles, Health Research Extension Act of 1985, and the PHS Policy repeatedly 
refer to appropriately trained, qualified, and experienced personnel, and availability of instruction and 
training. The institution is responsible for the training of its staff.

Maloney 2013

Introduction

The two quotes opening this chapter attest to the continued importance of and purpose and requirement 
for training in laboratory animal science. Moreover, evidence of the support for training in the conduct 
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of research, teaching, and testing at institutions where animals are used has escalated. Since the publi-
cation of the first version of this chapter (Kennedy 2002a), the position of laboratory animal trainer has 
been defined (Kennedy 2002b) and is included on the organizational charts of many facilities. The cur-
rent edition of the Guide for the Care and Use of Laboratory Animals (Guide) (ILAR 2011) mentions 
more than 150 different instances of the word training. Many lab animal societies have incorporated 
more training offerings into their membership benefits and conferences, most notably the American 
Association for Laboratory Animal Science (AALAS) and the Institute of Animal Technology (IAT). 
The European lab animal community, represented by the Federation of European Laboratory Animal 
Science Associations (FELASA 2015), have proposed revisions and recommendations to enhance their 
accredited training programs. Several other international laboratory animal organizations—including 
universities, national societies, and research entities—have modeled their own training programs on 
these prominent groups.

Increasingly, animal research oversight bodies around the world mandate that individuals who work 
with animals in research and training settings provide evidence of their knowledge and skill at whatever 
task they do. This is aligned with the principles of refinement from the 3Rs (replacement, reduction, and 
refinement), where knowledge obtained through training addresses animal welfare, recognition of pain 
and distress, and appropriate housing (NC3Rs 2016a). And, whereas the institutional animal care and use 
committees (IACUCs*) today have the ultimate responsibility, it is typically the management of the pro-
gram that is charged with and implements the training. To be clear, as stated in the Guide (ILAR 2011), 
“the IACUC (or institutional equivalent) is responsible for assessment and oversight of the institution’s 
program components and facilities.” Further, “the IACUC is responsible for providing oversight and for 
evaluating the effectiveness of the training program” (Foshay and Tinkey 2007).

This chapter is written to be both a practical and a conceptual guide for the laboratory animal manager 
engaged directly or indirectly in training. It is based on and extends the principles of managing training 
presented in the original chapter (Kennedy 2002a). The practical portion comes first and builds on the 
train-the-trainer (TtT) structures used to establish a training program, adding passages on the manager’s 
role in developing both cultures and programs of training. In support of practice, educational theories 
and concepts related to training and applied to training management in laboratory situations are also 
presented. Using a training metaphor, like learning to drive a car, the immediate want is to get in and 
go. That may seem to be practical, but it helps to know a little about the car (concepts), even if the driver 
(manager) is experienced. Thus, with both driving and training, an awareness of several factors can be 
beneficial: what the drivers need to operate, how the “ride” can be improved, how to avoid accidents, 
what compliance with the rules of the road means, and so forth.

In 2002, the notion of a facility trainer was novel (Kennedy 2002b). While training itself had been 
occurring for many decades, the more formalized practice of training in lab animal science was young 
and developing, having previously been largely a part-time responsibility of someone in the leadership of 
the lab animal facility (Pritt and Clifford 2014). As these authors noted, lab animal training has evolved 
in a relatively short time from basic concepts of content to considerations of learning. Previously, the 
focus was on topics pertaining to “what” should be taught and reiterations of the regulatory require-
ments to the “hows,” meaning educational techniques and ideas for presenting and then evaluating the 
effectiveness of training. Training now proceeds with the inclusion of all facility staff, from repair per-
sonnel to institutional officials, rather than only the select members of the husbandry team. At today’s 
laboratory animal conferences, there are more topics related to educating laboratory animal staff, and 
increasingly, they are focused on the details of competency and assessment tools, electronic learning 
management systems (LMSs), English language learners (ELLs), and unique organizational (institu-
tional) models for training.

Alongside this evolution has been the growth of professional training organizations like the Laboratory 
Animal Welfare Training Exchange (LAWTE), which started in 1994 (Pritt and Clifford 2014; Kennedy 
2015). Laboratory animal managers are working side by side with designated trainers, fulfilling train-
ing objectives as expressed in the LAWTE mission statement of “expanding animal welfare and 

* In this chapter, the term IACUC will be used to designate the committee or oversight body responsible for oversight of an 
institution’s animal care and use program.
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enhancing public understanding through effective training and education of animal research profession-
als” (LAWTE 2015). Doubtless, the many lab animal organizations and programs around the world have 
contributed to and fostered the concepts of training in vivaria. The reader is referred to the abundance 
of listings in the appendices.

One perspective on what it means today to be involved with training in a lab animal setting comes 
from the website of the American College of Laboratory Animal Medicine (ACLAM 2015). While writ-
ten expressly for veterinarians, the following passage conveniently summarizes the responsibilities for 
all who are engaged in training, especially facility managers.

As laboratory animal experts, ACLAM Diplomates often teach and train others. This teach-
ing may range from formal classroom instruction to informal training in a laboratory or ani-
mal facility setting. Just as the type of teaching can embrace a wide spectrum, so too can the 
categories of people instructed. Individuals may be fellow scientists, research technicians, or 
students who are learning techniques of animal experimentation or about the regulations and 
requirements of an animal care and use program; they may be animal technicians who are 
learning about the care and use of laboratory animals; or they may be veterinarians, veterinary 
students, or undergraduate students who are studying laboratory animal medicine, science or 
management.

Another aspect of teaching involves informing the public about the use of animals in 
research. Elected representatives, the media, and the general public need to be educated con-
cerning the laws and regulations which protect research animals, the excellent care that is 
given to laboratory animals, and the great contribution animal research can make to the life, 
health, and well-being of humans and animals. Because of their expertise, Diplomates have 
credibility with the public and are, therefore, important members of the institution’s public 
information team.

Having a Foundation in Lab Animal Training

As mentioned, this chapter builds on the preceding version (Chapter 2) from the book Management 
of Laboratory Animal Care and Use Programs (Suckow et al. 2002). That chapter is in the process of 
being archived with LAWTE for access and reference in the future. It was written with the theme of TtT 
underlying the sections because the typical lab animal manager had limited background in training, yet 
most were obliged to train their own staff and frequently others in the research environment. Managerial 
skill sets a few decades ago were usually based primarily on animal husbandry, facility management, 
and human resources (HR)—not training. Over time, new directions and roles involving training have 
emerged for managers, paralleling additional animal-focused responsibilities. Today, many lab animal 
facility managers are directly responsible for implementing the training program as part of their duties; 
they supervise trainers or work closely with a training entity, such as a consultant or institutional train-
ing department.

Consequently, this chapter presents training topics more from the perspective of managing a train-
ing program and less so from being the actual trainer. Nevertheless, familiarity with TtT topics as a 
 foundation—related to laboratory animal training—will be helpful and potentially abbreviate the man-
ager’s learning curve. The following topics are the highlights from the original chapter on training for 
managers, many of which are updated in this chapter:

• What constitutes training sessions, recognizing that they can be constructed around the 6Ws 
tool (who, what, when, where, how, and why)

• What the objectives of training are, including regulatory requirements and fulfillment of the 
principles of the 3Rs (Russell and Burch 1959)

• The ABCs of training, meaning how people act (B for behavior) when they learn something 
(C for cognition) and feel afterward about what they learned (A for attitude)

• The concept of adult learning, that is, andragogy, as studied and articulated by Professor 
Malcolm Knowles
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• The psychology of learning, in terms of WIIFM (what’s in it for me) and Professor Abraham 
Maslow’s hierarchy of needs, which addressed the intrinsic and extrinsic motivating factors 
applied to learning

• The numerous sources for developing training curriculum, adapted from several related disci-
plines within education

• The resources available from laboratory animal science organizations to aid trainers, the types 
and amounts of which have since increased greatly

• An introduction to computer-based training (CBT), much of which has been eclipsed by today’s 
electronic technologies, known more commonly as e-learning

• The relationships, separations, crossovers, and distinctions between training practices and HR 
management

• Case studies that explore and introduce training principles as applied to managing the labora-
tory animal facility

These practices and concepts are still quite valid and functional for use with training in today’s lab 
animal facility. In this chapter, they are made relevant to the current training situations occurring in 
facilities.

Roles and Expectations of the Facility Manager in the Training Environment

The lab animal facility manager is sometimes held directly responsible for the outcomes of training 
within the facility. For example, the manager could be the supervisor of one or more trainers, could man-
age the budget of the training department, or could be a part- or full-time trainer. In these capacities, 
here is a list of items, any of which the manager could anticipate doing. The reader is encouraged to add 
others and make a personal list.

• Being engaged with the day-to-day operations regarding training

• Reviewing training records and compiling reports to submit to regulatory agencies or upper 
management

• Maintaining an LMS, including collection and entry of learner data and information

• Engaging personally in training activities

• Establishing and contributing to the culture of training within smaller departments or for the 
whole institution

• “Walking the talk” about training, sharing its importance and significance

• Conducting training sessions

• Designing curriculum

• Anticipating and identifying training needs

• Recognizing that not all persons learn the same way, nor do all trainers teach the same way

• Recognizing that training subjects are wide and varied (e.g., consider the different needs for a 
highly secured lab, a traditional barrier, and wildlife habitats)

• Directly managing the training, which is an active process, or supporting it more passively, as 
in training management

• Supporting trainers, which includes providing resources, committing time, and helping with 
coordination

• Facilitating learning, including arranging work time for study, mentoring, and planning

• Enabling learning in both formal (e.g., classrooms and professional conferences) and informal 
(e.g., spontaneous hallway conversations and e-mailing materials) settings

A facility manager shows leadership in many aspects of laboratory animal operations. Leadership 
(qualities, characteristics, and actions) may vary depending on specific circumstances and objectives. 
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Sergiovanni (2007), a scholar of educational leadership, has formulated a list of roles, what he calls the 
five forces of leadership, and how they are applied in environments of educating and training. Here, they 
are further interpreted for situations in managing lab animal training.

 1. The technical force leader in training has the role of management engineer or coordinator. 
This aspect involves planning, organizing, and scheduling training, which are analogous to the 
6Ws tool (Kennedy 2002a, 2016b) of answering the where and when questions. It may be the 
manager who needs to arrange a place and time for training or offers to host an investigator 
presentation for husbandry staff or an AALAS activity like a webinar or conference.

 2. The humanistic force leader needs to address the personal and human relations issues associ-
ated with training. In this role, the manager provides support to trainers and trainees* to meet 
the training objectives of the institution. The manager may be motivating a group of techni-
cians studying for a certification examination or may be building morale and clarifying for 
investigators who question the need for required training. The manager who ignores the train-
ing needs of colleagues is likely to have a harder time gaining respect.

 3. The educational force leader appears in the manager when asked to be a trainer (or a teacher; 
see the “Is It Education, Teaching, or Training?” section of Appendix 12.1) to share profes-
sional and technical experience. Doing so demonstrates being part of the team and an aspect 
that is not managing all the time (staff may say, “I didn’t know she knew how to do that”). Such 
a manager demonstrates an intimate knowledge of the institution, its equipment, its people, and 
its purpose. An educational force manager has a different, yet complementary, function to that 
of a pedagogical instructor in conveying knowledge.

 4. The symbolic force leader exemplifies the importance of training. The manager speaks to the 
impact (e.g., welfare and reproducible data) for both animals and personnel and, when joined 
with the humanistic force role, the rewards that come from training. Attending celebrations for 
persons who achieve a training award, participating in training sessions, suggesting and pro-
moting the purchase of training aids, and calling out the teachable moment are all examples of 
symbolic leadership that is visible to others.

 5. The cultural force leader often sets the tone for training, ensuring that learning is part of the 
culture of the institution. These are examples that show support of a learning culture: (a) empha-
sizing the need to attend training, despite the day being busier than expected; (b) writing into 
the budget a request to purchase new training materials; and (c) advocating for the goals to 
have more staff become credentialed, whether Registered Veterinary Technician (RVT), labo-
ratory animal technologist (LATG), diplomate of the American College of Laboratory Animal 
Medicine (DACLAM), Certified Professional IACUC Administrator (CPIA), and so forth.

Culture of Training Set by the Manager

Imagine a day before you knew much about working with animals, whether it was your pet to whom you 
taught a trick or a class you took about laboratory animal science or your first job in the research field. 
Unknowing, unsure, and unskilled are probably appropriate descriptors. Those situations—and more, 
as will be discussed—are exactly why training in laboratory animal science is necessary, critical, and 
warranted.

Despite being well meaning in what we do in animal research, as humans we tend to forget what we 
have learned, we may be unaware of new regulations or techniques, and we can lose our skills with-
out retraining or practice. Training, offered and supported by institutional management, is often the 

* The terms learners, students, and trainees will be used synonymously in this chapter. In practice, students may refer to 
those in a typical classroom setting, and trainees may refer to those completing residencies and internships. All are learn-
ers being trained.
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mechanism to refresh and enhance our capabilities. An improved and strengthened animal care program 
results, something that all stakeholders—researcher, trainer, administrator, public, and most of all, the 
animals—can appreciate.

The following is a list of several ways by which the manager, applying the five educational forces, can 
contribute to and create a culture of training:

• Suggest topics for training sessions.

• Set competency criteria to support husbandry and technical skills.

• Become a member of an organization that provides training (see Appendix 12.5). Offer mem-
berships to staff as well.

• Follow up on training sessions. Ask what happened, what was learned, and how it will be used 
in the facility. Seek input from those who received the training.

• Send people to off-site training with the expectation of a “report” at the next group meeting. 
The report can take the form of a written page for distribution, a 5-minute talk, a prepared 
presentation with slides, a discussion of an item or topic, and so forth.

• Review training records for being current, complete, and relevant to what is needed for the 
institutional animal program.

• Facilitate the various learning styles of those receiving training; likewise, facilitate evaluation 
styles.

• Engage in postapproval monitoring (PAM) activities that involve training components.

• Smile at the opportunities, rather than frown, when training obligations are to be met and costs 
are to be expended.

• Train while wandering around (TWWA), which is a cousin to manage by walking around 
(MBWA).

• Include training—either attending or presenting sessions—as part of the annual performance 
reviews for members of staff.

• Consider facility inspections not as a burden, but rather as learning and training opportunities 
to make improvements.

• Negotiate with staff to get work done so that training can occur (e.g., come in earlier than 
usual).

• Talk about the training done as a manager, acknowledging that learning is a lifelong process.

The manager often sets the tone, consciously or not, for much in the laboratory animal facility, includ-
ing the culture of training. By scheduling time into the day for training and making it clear that training 
is a priority, the manager shows commitment to the program. But, it is not solely in the hands of man-
agement on behalf of the institution, IACUC, and others. It is incumbent upon employees to be engaged 
to identify the opportunities (available time, types of programs, gaps in knowledge, etc.) when they can 
bring learning into their own work for the benefit of animal research and their organization or company. 
Further, staff create value when they train themselves in ways that are mutually beneficial with the insti-
tution. By engaging with the training culture and processes, staff contribute to the overall mission and 
provide opportunities for others to gain proficiency and confidence, and contribute to animal welfare. 
They do not just do their jobs; they participate in teaching, too. Overall, training is part of the quality 
of a team, its reputation, its capability, and its accomplishments. When management responds to staff 
training requests and feedback, the culture of training can be enhanced.

Outreach Training

A particular means to develop a culture of learning is to create opportunities and encourage others to 
be involved in outreach training, which is providing information to those who might not otherwise have 
access through a training experience. Examples include teaching or talking about laboratory animal 
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science with other departments in the institution, in local K–12 school systems, in veterinary and vet tech 
college programs, and with civic organizations and similar entities (Benjamin 2016; Kennedy 2016a).

While it is instructing others, outreach training provides a manager or trainer with the learning experi-
ence of conveying information to a different audience, as well as instructional practice. As Figure 12.1 
shows, teaching and learning are reflections of each other. In fact, it is a Latin proverb, docendo disci-
mus, which literally translates to “We learn by teaching” (https://www.merriam-webster.com/dictionary 
/docendo%20discimus), but commonly it is understood as “By learning you will teach; by teaching you 
will learn.” Training knowledge and skills can be practiced with outreach training.

An additional benefit of outreach training is to provide school systems support in the STEM disci-
plines (science, technology, engineering, and mathematics). By conducting outreach in schools, a man-
ager is also reaching out to the potential future workforce (Benjamin 2016).

Training Yourself, the Manager

The manager who attends continuing education (CE) sessions and brings the information back to the 
institution is sending a message about training—that it is an important way to spend one’s work time. 
Participation in groups geared toward training and managerial development (such as the Laboratory 
Animal Management Association [LAMA]; see Appendix 12.5), as well as the presentation of posters, 
case studies, and presentations at regional and national meetings, is another way in which managers can 
lead by example. Laboratory animal science is a fast-moving field, and the facility manager must priori-
tize or commit to training, staying abreast of developments in research of all kinds: HR in terms of law 
and cultures, the technologies of both learning and working, and organizational systems in order to be 
efficient and capable.

A new manager should plan a training ladder for himself or herself. It is like planning a career lad-
der that includes self-evaluations to help determine what is needed to progress in the field. It should be 
recognized as a different paradigm to do training management, compared with the more typical manage-
ment of people, outcomes, animals, projects, and so forth. Training oneself through resources like a 360° 
evaluation and books such as The First 90 Days: Proven Strategies for Getting Up to Speed Faster and 
Smarter by Michael D. Watkins will likely prove fruitful. The 360° feedback evaluation, or multisource 
feedback, is an exercise taken from industrial psychology and organizational development (Armstrong et 
al. 2000), where evaluations are received from an individual’s work circle. Used in business, it has been 
applied to the training environment (Armstrong et al. 2000), where the educational leader or trainer is 
evaluated by the circle of stakeholders that includes students or trainees, peer trainers, and superiors con-
cerned with managing the learning environment. The direct stakeholders involved should be comprised 

FIGURE 12.1 Mirror images of the terms teach and learn.
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of animal care providers, veterinary staff, technicians, cage wash staff, investigators, administrators, 
and oversight committee members. Others perhaps interested in training outcomes resulting from 360° 
evaluations could include regulatory oversight and accrediting agencies, commercial clients, the public, 
and vendors or suppliers.

Being Engaged with Training

A buzzword associated with establishing a culture, whether for training or another purpose, is the term 
engaged. Engaged means involvement in something to a high level of commitment. Part of knowing 
that training has worked is seeing the trainee engaged with what was learned, which can be observed 
as a demonstration of knowledge or skill, behaving in a way that reflects the training, and expressing 
internalization of the training. After being engaged with training, a manager should observe that the 
trainee knows what to do, and does it as expected and with the proper attitude. See also the “Assessment: 
Measuring Competency and Evaluating Training” section in this chapter.

One of the challenges about managing staff is that not everyone “buys into the corporate culture” or 
wants to be deeply engaged (Dinkel 2013). This struggle has been especially described for millennials, 
those born in the 1980s and 1990s (Caprino 2014). In the highly regulated, technologically quick mov-
ing, and often emotionally charged discipline of animal research, stakeholders who do not adopt training 
and accept the importance of training as a continuous process could become problematic for facility 
managers. Using an approach that can apply to animal care personnel of all ages, Caprino recognized 
the challenge, saying, “Quit trying to engage millennials.” Among her pieces of advice to enhance adop-
tion of training are avoid using the direct term of being engaged, share the obligation of training with 
the trainees, incorporate computing devices as training tools, and encourage individual thinking on the 
team, which includes how each person wants to learn. Her words resonate with the learner-focused prin-
ciples of adult learning too (Knowles et al. 2012).

Training Collaboration between Facility Management and the Oversight Board

The oversight board, herein referred to as the IACUC, of a research animal facility has the responsibility 
to evaluate the effectiveness of the institutional training program. The management in collaboration with 
the IACUC ensures that appropriate training (and, as found to be necessary, any remedial or retraining) 
occurs within the institution as prescribed in the regulations. Communication on such matters is critical 
for compliance and animal welfare. Members of the IACUC might not themselves conduct the actual 
training, ensuring instead it is done by other entities, such as the IACUC staff, veterinary staff, manag-
ers and supervisors, or a group of trainers. Facility management often does and should assist the IACUC 
with regard to training in several ways:

• Maintaining records of training that the staff receive and entering relevant data into an LMS

• Keeping training up to date through CE opportunities

• Participating in and initiating training needed by the institution

• Matching training to the activities proposed in the animal study protocol and identifying needs 
for additional or remedial training

• Informing the IACUC of opportunities made available for training, for example, through 
announcements received from the organizations, societies, and training partners, as listed in 
the appendices of this chapter

• Hosting opportunities for training of IACUC members, such as webinars and industry speakers

• Appreciating that training is not only a regulatory obligation that the institution and IACUC 
are fulfilling, but also one that addresses the welfare of animals, the 3Rs, and the quality of 
scientific results

• Evaluating the actual performance of various tasks, including surgery and animal care, in the 
facility and asking one-on-one questions when observing on-the-job training opportunities
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• Supporting and demonstrating the IACUC’s institutional approach to the competent perfor-
mance and refinement of animal-related tasks

• Facilitating the learning process by engaging with users of the animal facility

Education Related to Lab Animal Training

Traditional education in the workplace came in the form of the relationship between journeyman and 
apprentice. This approach was also typical in lab animal training where the experienced manager or 
senior technician taught the junior technicians. Typical examples could be a session in the break room 
of the facility for a biology lecture about one of the animals used in the facility or instruction alongside 
a large piece of equipment in the cage wash area. Such one-on-one educational formats were prevalent 
for decades, until the advent of CBT, which has become widespread in education—for example, the 
AALAS Learning Library (ALL 2016) and the Collaborative Institutional Training Initiative program 
(CITI 2016), and others as listed in Appendices 4 and 5.

The beginnings of lab animal training are traced to the early twentieth century and attributed to vet-
erinarian Simon Brimhall, recognized as the father of laboratory animal medicine. In 1915, Dr. Brimhall 
joined the Mayo Clinic (Rochester, Minnesota), filling the first position devoted to laboratory animal 
medicine in an American medical research institution (AALAS 1999; Moreland 1999; Fox and Bennett 
2015). Being a new discipline, there was little existing training for anyone. As Moreland wrote (1999), 
“During the early years these veterinarians relied on their basic education in veterinary medicine, on 
what they could learn from other biomedical scientists, from one another, and by ‘trial-and-error.’” 
Stephens (1999), writing about animal caretakers, said that they too developed their knowledge while 
on the job—in other words, practical experience. Eventually, for many in the field, “the advantage of 
training soon became evident.” And not long afterwards (in 1950), the forerunner of AALAS, that is, the 
Animal Care Panel, was founded in part to inform and train those engaged in laboratory animal research.

Today, there are many organizations throughout the world devoted to training (see Appendices 2 
through 5). The first recognized lab animal training society is the IAT in the United Kingdom, estab-
lished in in 1949, which preceded the founding of AALAS by a year (Kennedy 2015). Today, there are 
laboratory animal science programs at many colleges and universities that confer degrees, certification 
programs offered by laboratory animal societies, and professional educational programs to train trainers, 
whether a designated trainer, manager, or training manager.

Since the early part of the twentieth century, various educational movements have been proposed. Among 
them, an educational theorist named John Dewey emerged as a proponent of the concepts of progressive 
education (Dewey 1938), which has been widely adopted. Dewey held to the ideas of students realizing 
their potential, fulfilling their own capacity to learn, and developing abilities from within themselves. This 
notion was different than the traditional top-down training, that is, from journeyman to apprentice. And it 
is evident in laboratory animal science, where several programs embody these concepts to promote career 
advancement closely linked to accumulated, demonstrated, and recognized knowledge and skills.

• Certification for technicians as offered, for example, by AALAS (assistant laboratory animal 
technician [ALAT], laboratory animal technician [LAT], and laboratory animal technologist 
[LATG]) (AALAS 2016b)

• Training for managers with the Institute for Laboratory Animal Management [ILAM] (AALAS 
2016c) and certification as a Certified Manager of Animal Resources (CMAR) (AALAS 2016b)

• Credential for laboratory animal veterinarians from the American College of Laboratory 
Animal Medicine as a diplomate (DACLAM) (ACLAM 2015)

• Certifications for animal surgeons, including surgical research anesthetist (SRA), surgi-
cal research technician (SRT), and surgical research specialist (SRS), from the Academy of 
Surgical Research (ASR 2016)

• Credential for IACUC staff known as Certified Professional IACUC Administrator (CPIA), 
from Public Responsibility in Medicine and Research (PRIM&R 2016)
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As a result of the pioneers in laboratory animal training, the varieties and choices for educating and 
training processes should be greatly appreciated by today’s manager of a laboratory animal facility. The 
people who responsibly work, research, and teach with animals now are products of those processes. 
The future of training in laboratory animal science was recognized by Stephens (1999), saying that 
animal care providers “must be on a constant learning curve. We need to make sure that our knowl-
edge and skills develop as our field becomes more technical and specialized, our equipment becomes 
more sophisticated, and become knowledgeable about additional animal models.” Also needing to be 
addressed in managing training programs are divergent learning styles (e.g., kinesthetic, auditory, and 
visual), learning challenges (e.g., English learners and hazardous environments), competency evalua-
tions, generational experiences, and international agreements about credentials. National and interna-
tional credentials and certifications are especially useful in assessing competencies of employees and 
potential employees. Hiring managers can get a general idea of a candidate’s knowledge and skills as 
related to laboratory science by the credentials that the candidate holds. In addition, in our global indus-
try, knowing what certifications equate from one organization to another is critical. For example, if a 
technician gained a certification in Europe but is now working in the United States, does his training 
match the training that would be provided in America? Knowing this can help a manager in assessing 
what additional training will be needed when moving staff from one location to another. Overall, the 
entire discipline of—and the various roles of persons engaged in—laboratory animal science must be 
part of training management in this century.

Andragogy and Learning Styles Revisited

The concepts of adult learning or andragogy were introduced in the first edition of this chapter. It is the 
recognition that adults learn differently than children. Whereas teachers in the typical K–12 school sys-
tem are “pushing” content on their students—known as pedagogy—a trainer in an adult environment is 
facilitating the learning of the content based on the motivation of the students (Kennedy 2014b). In peda-
gogical models, the learner is dependent on the teacher, who takes most of the responsibility for what 
is learned and when it is learned. Typically, the teacher has more experience or knowledge of the topic. 
With andragogy, the learner—generally an adult, but not always—is at the center of the educational 
processes (see point 4 about orientation in Table 12.1 and Figure 12.2). Both approaches are important 
in lab animal training, to the extent that managers should recognize when it is probably better to use one 
before the other.

Dr. Malcolm Knowles (the son of a veterinarian and a lifelong engaged learner) is regarded as the 
father of andragogy (Knowles et al. 2012). Knowles’s ideas of adult learning, first proposed in the 1970s, 
included just four assumptions or principles contributing to the theory. But as it developed, Knowles 
later decided to include the aspects of motivation and needing to know (assumptions 5 and 6 in Table 
12.1). Ironically, many managers might think these two should have been his first thoughts about adult 
learning. Figure 12.1 shows the theory graphically. The table summarizes Knowles’s key assumptions 
about andragogy.

TABLE 12.1
Assumptions about Adult Learning (Andragogy) Based upon Knowles

 1. Role of the learner’s experiences or foundation: Experience, including making mistakes, provides a strong basis 
for learning activities with adults.

 2. Learner’s self-concept: Adults need to be responsible for their decisions when being educated. They want a part in 
planning and evaluating their instruction.

 3. Readiness to learn: Adults are most interested in learning that which has immediate relevance to their work and/or 
personal lives.

 4. Orientation to learning: Adult learning is problem-centered rather than content-oriented (but not exclusively).

 5. Motivation to learn: Adults often respond better to internal versus external motivators.

 6. Need to know: Adults want to understand the reasons for learning something.
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Andragogy is different from pedagogy because the assumptions focus more on the learner than on the 
content. For a trainer, that does not mean they are mutually exclusive. Rather, they should be thought of 
as an instructional continuum, and both may be utilized in the same training session. For example, when 
teaching about safety, personal protection, and animal biosafety levels (ABSLs), it is entirely appropri-
ate for the trainer to be content based, emphasizing facts and evaluating the rote memorization of such 
principles. When the training addresses gowning procedures in ABSL 2–4 environments, the trainer 
probably should allow the student to experience the processes independently, before being corrected to 
use safer practices (reference Knowles’s assumption 1 related to the foundation in Table 12.1).

Another example of the instructional continuum is the use of case studies of animal diseases. In this 
training, the instructor passes out a report from a relevant journal for the class participants to read and 
contemplate. These directions are pedagogical in nature, but discussion of the health concerns, diag-
nostic tests, differentials, and so forth, is based on problem-solving models, and thereby demonstrates 
andragogy and higher-order cognitive application.

Knowles’s assumption 5 about motivation in learning reflects a specific meaning and purpose in lab 
animal training. Recall that regulations (AWAR 2013) and guidelines (ILAR 2011) associated with con-
ducting animal research require training. A question that both trainers and managers of training need to 
ask is, what kind of motivation is influencing the adult learner? Is it the mandate of the administration 
demanding training, the fear of a regulatory citation, the wish to be promoted, a new technology with an 
animal, an interest in the research, achieving certification or licensure, or something else? The answers 
should be considered by management when developing and evaluating training sessions in order to make 
the best use of resources dedicated to training. And the answers should be placed in the context of two 
other concepts of what motivates adults to learn, which are Maslow’s hierarchy of needs and WIIFM. 
These are respectively models of where in terms of life is the learner at the time of learning and what will 
the learner obtain from the learning. The manager who ignores these concepts will probably find it more 
difficult to instill a culture of training and to achieve acceptance of training from individuals. Instead, 
and more effectively, the manager should be using these management concepts as contributions to the 
structuring of training around the needs and abilities of the trainees, as well as those of the institution.

There are actually many learning styles and strategies that trainers and managers can use to engage 
learners (Hawk and Shah 2007). It is critical when managing training to recognize individual learning 
preferences. A common one is the kinesthetic, visual, and aural style, probably best known as feeling or 
touching, seeing, and listening. Another is the notion of active and passive learning (Tweed 2014), which 
recognizes the variable style of both the learners and the trainers (Figure 12.3). On some occasions, an 
active learner may become passive with an active trainer because of subtle personality or cultural con-
flicts. In another learning environment, the passive learner may be drawn into greater activity because 
of the types of active learning tools used by the trainer (Figure 12.3). Dobrovolny et al. (2007), Kennedy 
(2002a), and Knowles et al. (2012) describe other styles and provide additional resources to create learn-
ing environments and promote learning, which the manager can share with the individual primarily 
responsible for training. Utilizing most or all these tools in a training program will increase learning 
and learner interest. It is well recognized from educational research (Handelsman et al. 2007) that active 
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FIGURE 12.2 Six assumptions or principles of Knowles’s andragogy.
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learners take more responsibility for their learning when engaged in problem solving, group work, map-
ping (hand drawing), and other activities, like how we participated and learned as children (pedagogy).

Appreciating Cultural Differences and How We Learn

Many different species are represented in the vivarium, being used as research models for multitudes of 
purposes. Yet only one species, Homo sapiens, has the responsibility and task to care for them, and we 
are just as diverse. As much as the mouse and monkey have different husbandry requirements, there are 
differences among the cultures of vivarium personnel that also need to be recognized and appreciated by 
those responsible for training them.

Cultural competence: Pritt et al. (2014) described the concept of cultural competence—or cultural 
intelligence—as applied to laboratory animal science. The terms mean the “set of behaviors, 
knowledge, and attitudes among professionals that foster effective work in cross-cultural situa-
tions.” To embody cultural competence “requires a willingness to learn about others’ traditions, 
characteristics, language, behavior, and other attributes in order to interact effectively with 
others at work” (Pritt et al. 2014). With awareness of such differences in culture, the manager 
and the trainer may need to modify how the evaluations of performance are conducted to assess 
outcomes in training situations. For example, the trainer should recognize that some trainees 
demonstrate their knowledge better verbally than through written summaries.

Diversity: Alworth and colleagues (2010) addressed the challenges presented by the variety of per-
sons working in laboratory animal science, which heretofore has received only minimal atten-
tion. Specific examples were cited: Cultural and religious attitudes on multiple topics may vary 
among personnel and affect interactions. Attitudes regarding animals can differ, such as what 
level of respect they deserve and whether certain species cannot be handled. Different attitudes 
about the appropriate way to interact with coworkers based on their sex, age, race, sexual orien-
tation, and other attributes may cause friction among personnel. Their article included several 
suggestions and lab animal industry programs to increase awareness and provide solutions. 
Many of the concepts are crossovers between and combinations of traditional management and 
training, about which the facility manager should be cognizant.
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FIGURE 12.3 Tasks associated with active and passive learning, which build upon themselves.
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Generational: Those individuals born between 1977 and 1994, also known as millennials, gen Y 
or generation Y, are described (Dinkel 2013; Caprino 2014) as having always learned in the 
digital age, being savvy with computers, smartphones, and other technological devices. For 
them, information is obtained and delivered easily and quickly from electronic sources, such 
as the Internet or web. Their expectations for training differ from those of their predecessors—
the baby boomers and the Xers. Managing their training includes utilizing educational games, 
long-distance and connected learning, tailored instruction, and training on the fly.

Scientific or research language: English has emerged as the primary language for science and busi-
ness. Yet while walking through the corridors of a vivarium or research lab, scores of other 
languages often will be heard. Journal articles are still published in many other languages, even 
though there are electronic means to instantly translate them. At conferences, many languages 
will be heard and papers are often presented in native languages. Moreover, the vernacular of 
science is almost another language, where words and phrases can be confusing if not defined and 
explained. Trainers must pay attention to this possibility and evaluate the three components of a 
language—what is read, what is said, and what is heard—in their training materials. There is so 
much brain activity while translating, it could be a distraction to comprehension for the learner.

English as a second language (ESL): Nonnative English speakers (NNESs) work in many roles at 
laboratory animal facilities, where they need to learn both the job and the language. The manager 
will need to address training topics with them. Only recently have various authors begun to analyze 
this challenge in laboratory animal settings, despite the efforts with ESL students in schools over 
several decades. Hughes (2014) provides tips to consider, as shown in Table 12.2, in the context of 
managing NNES staff, which led her to analyze the situation and develop successful approaches 
(Hughes 2013; Sherly 2014). Pritt et al. (2014) made many of the same suggestions and, in echoing 
Hughes’s point 1, say that adjusting the pace of training may be effective for some NNES.

Developing a Training Program

Perhaps you are a manager tasked with developing a training program for your animal care and use pro-
gram. Maybe you find yourself inaugurating or creating one from scratch. It is conceivable that a deci-
sion was made to enhance or expand the existing program because of a recommendation by an outside 
entity (e.g., AAALAC International or a regulatory agency). Either way, you are faced with designing the 
learning specifications unique to your situation and institution; fortunately, there are resources to help.

Modifying or starting a new program can be challenging. The first suggestion is to obtain the “buy-in” 
of other managers and administrators as appropriate in the groups to be supported. The IACUC should 
also be on board with the proposed training program, making sure there is an understanding of the regu-
lations requiring training and the need to ensure that anyone who works with animals is properly trained 
and competent in the skills they are performing. Related to this approach is to ensure that all recognize 
how the training program will help them to be in compliance. Keep in mind that the manager is often 
there to manage the process.

TABLE 12.2
Tips When Training ESL Students

 1. Don’t address the pause in conversation; allow for silence and mental processing.

 2. Limit use of idioms.

 3. Check frequently for understanding.

 4. Appreciate the differences in English and where the staff member learned it.

 5. Teach how to use automated grammar and style checkers for e-mails, health reports, and the like.

 6. Review training materials to provide another perspective on understanding.

 7. Learn something yourself in another language.

Source: Adapted from Hughes, L., Lab. Anim., 43, 101, 2014.
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The Committee on Educational Programs in Laboratory Animal Science published a guide in 1991 
with a section (V) on how to develop, deliver, and evaluate an educational program. While dated, it will 
be useful to initiate the process and compel the answering of training-related questions pertinent to 
your institution. The publication noted that “the IACUC and the course coordinator are responsible for 
developing clear objectives for each phase of the training program.” So, the manager is not alone in these 
efforts. Furthermore, it is emphasized that “these objectives must incorporate both federally mandated 
and institutional requirements” (Committee on Educational Programs in Laboratory Animal Science 
1991). Accordingly, the combined effort depends on others to help define what is needed in the training. 
Finally, “the methods for presenting the material will depend on the audience, the objectives that have 
been set, the nature of the content and the resources available” (Committee on Educational Programs in 
Laboratory Animal Science 1991). Thus, there are some boundaries to be considered and set for a train-
ing program.

The literature on laboratory animal technology has started to include accounts and case studies of 
training program designs. Heenan (2010) described a program developed with the objective to standard-
ize training given to rodent handlers. The concept included identifying a person from investigator labo-
ratories to be responsible for coordinating animal activities within that research group. Lockworth et al. 
(2011) found a benefit and improvement in animal care after providing specialty training to veterinary 
care technicians and husbandry staff. Dyson and Rush (2012) reported on their success involving lab ani-
mal veterinarians, who designed, implemented, and provided training sessions for research personnel.

As mentioned throughout this chapter, several lab animal organizations, like LAWTE, LAMA, IAT, 
and AALAS, provide information about developing training programs particular to the animal per-
spective. For general training ideas, a Google search with the terms “Developing a training program” 
will produce thousands of hits that can be scanned and searched for ideas and details. Well known is 
the organization Association for Talent Development (ATD), which is the former American Society for 
Training and Development (ASTD), which has assisted trainers in many disciplines, some of which align 
to laboratory animal science. Among these resources, the manager will be able to find the information 
needed in order to feel capable to take on training tasks. Nevertheless, additional help in the form of a 
checklist, based on a user’s actual experience, and considerations for hiring a training company on a 
consulting basis are provided in this chapter.

Checklist for the Training Manager

While conceptualizing a training program for an institution, one facility manager devised the scheme 
shown in Box 12.1, categorizing the various concerns of the stakeholders with questions that needed to 
be answered in order to fulfill the specific objectives of the animal care and use program. Is it complete? 
No. An initial plan seldom is, because it will be modified with new information that reflects design 
changes and implementations as they get done. Nevertheless, it is a list of questions that can be utilized 
by any training manager, whether beginning or modifying an established training program.

Summary of Who Needs Training and What They Need

Lest the lab animal manager feel overwhelmed by the responsibilities in training, recall that institutions 
are responsible for providing appropriate resources to support personnel training (Anderson 2007), and 
the IACUC is responsible for providing oversight and for evaluating the effectiveness of the training pro-
gram (Foshay and Tinkey 2007). All program personnel training should be documented (ILAR 2011). 
There are many aspects to training that fall within the realm of the IACUC; thus, a full appreciation of 
all the regulatory needs must be gained by consulting other references.

Maloney (2013) described during an Office of Laboratory Animal Welfare (OLAW) webinar who 
needs training in laboratory animal research, training, and testing.

Minimum requirements under the PHS Policy indicate those who are responsible for housing, 
feeding and care of the animals used, as well as those who will be conducting procedures on live 
animals, all require training. The Policy also discusses proper constitution of the [Institutional] 
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BOX 12.1 TRAINING MANAGER’S CHECKLIST

INITIAL ASSESSMENT: WHAT DO WE NEED?

• What regulations, guidelines, policies (state, federal, and granting agencies) is the insti-
tution bound by?

• What is the scope of the program (e.g., species, research procedures, models, and 
objectives)?

• What is the purpose of the program (e.g., basic research, safety testing, or multifaceted)?
• Who are the stakeholders (e.g., research personnel, institutional representatives, regula-

tory committees, safety, and operational staff)?
• What are our goals and priorities (e.g., building a program, grant funding, AAALAC 

International accreditation, U.S. Department of Agriculture [USDA] registration, or cul-
ture of improvement)?

• What is the level of institutional support for this initiative?

PLANNING: WHAT IS OUR APPROACH, OUR TIME 
FRAME, AND OUR STRATEGY?

• What are our specific goals (e.g., training types, formats, and subject matter)?
• How will we meet them (e.g., instructed training, online programs, hands-on training, 

and qualification processes)?
• What processes or resources do we have in place and how can we leverage them 

(e.g., trainers, advocates, infrastructure, and resources)?
• What preparations are needed (e.g., budgeting, data compilation, program outline, stake-

holder input, or IACUC approval)?
• What is our rollout plan (e.g., beta phase, pilot phase, targeted rollout, or complete 

rollout)?
• What is our communication plan (e.g., staged communications, controlled feedback, 

improvements, training, implementation dates, and preparations)?

IMPLEMENTATION: HOW WILL OUR PLAN BE PUT INTO PLACE?

• What is our timeline?
• What steps are needed?
• Who will be responsible for implementation?
• How will we roll out and test our plan for implementation?
• Do we have all necessary institutional support and approval?

REASSESSMENT: HOW IS OUR PLAN WORKING?

• What is working well?
• What can be improved?
• Are we meeting all requirements?
• What are our opportunities for improvement (stakeholder feedback)?
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Animal Care and Use Committee and the general training and experience required for each 
type of member. This includes: the veterinarians and other professional staff such as pathology, 
imaging, and behavioral professionals; animal care personnel such as the clinicians and hus-
bandry staff; the research team including principal investigators, study directors, technicians, 
post-doctoral fellows, students, and visiting scientists; and last but not least, the Institutional 
Animal Care and Use Committee itself.

Other key personnel, such as the institutional official and occupational health and safety pro-
fessionals, may require training in order to succeed in their roles. Numerous other types of 
personnel may be involved as well—either directly or indirectly—in the animal program and it 
would be best practice to ensure these people receive appropriate training. Other personnel may 
include: administrative staff such as the IACUC support team; those involved in animal trans-
portation both at the shipping and receiving ends; facilities personnel including those responsible 
for design and renovation of animal facilities; engineering staff; maintenance and custodial staff; 
and security personnel. And when considering the requirement for a contingency or disaster 
plan, institutions may find it beneficial to include emergency management personnel in the train-
ing program—and this may involve both institutional and local fire and law enforcement offi-
cials. And finally, program administrators might consider including their institutional human 
resources management and legal professionals in the training roster.

What Topics Should Managers Include in Training?

Of course it is not practical, but the answer should be everything. Another possible way of phrasing the 
question is, what should a trainer leave out? That is equally difficult and challenging to answer, but the 
response could be “it depends on the needs of the institution.” And from a practical standpoint, there are 
general requirements as described in the Animal Welfare Act and Regulations (AWAR) and Guide that 
must always be included. The Guide has it right where it says (ILAR 2011) that “the number and quali-
fications of personnel required to conduct and support a Program depend on several factors, including 
the type and size of the institution, the administrative structure for providing adequate animal care, the 
characteristics of the physical plant, the number and species of animals maintained, and the nature of the 
research, testing, teaching, and production activities.” Furthermore, the Guide advises, “Educators and 
trainers can use the Guide as a document to assess both the scope and adequacy of training programs 
supported by the institution.”

The traditional curriculum for training in laboratory animal sciences would include, at a minimum, 
the following: occupational health, surgery, anatomy, physiology, regulations, species-specific charac-
teristics, health and disease, sanitation, genetics, and more. Every lab animal program will add to and 
subtract from this (and the managers reading this chapter should do the mental exercise), as they address 
what is relevant and appropriate for the conduct of research, testing, and teaching with animals. And that 
is the point: animal facility managers are among those who have the responsibility to identify the needs 
specific to their programs—as such, it is part of the culture of training.

What is stated in the Guide yields another definition of lab animal curriculum:

The institution should provide appropriate education and training to members of research 
teams—including principal investigators, study directors, research technicians, postdoctoral fel-
lows, students, and visiting scientists—to ensure that they have the necessary knowledge and 
expertise for the specific animal procedures proposed and the species animal care and use pro-
gram used (Conarello and Shepard 2007). Training should be tailored to the particular needs 
of research groups; however, all research groups should receive training in animal care and use 
legislation, IACUC function, ethics of animal use and the concepts of the Three Rs, methods for 
reporting concerns about animal use, occupational health and safety issues pertaining to animal 
use, animal handling, aseptic surgical technique, anesthesia and analgesia, euthanasia, and other 
subjects, as required by statute.
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While the previous passage would seem all-encompassing, there are several topics that are not typi-
cally included in a lab animal science curriculum. Some might increase in importance during the next 
decade and deserve more attention. Today’s lab animal manager should be aware of the following:

• Animal behavior: Operant conditioning with animals to gain their participation in procedures 
has been demonstrated in a number of species. Samples and data can be obtained with much 
stress for both the animals and investigators. Training must be obtained in order to perform 
“positive reinforcement training (PRT) methods which reward desired behavior,” which has 
“become a valuable tool for the humane care and use of laboratory animals” (NC3RS 2016b).

• Communication with the public: The ability to present to the public what is discovered in 
research is critical. The public often supports the work financially, yet is challenged to under-
stand it. Science moves quickly and transparency has become a buzzword. Dissemination of 
research findings comes in the form of traditional publications and presentations, as well as 
webinars, websites, videos, and town hall meetings. Depending on institutional policies, it may 
be incumbent for managers to communicate what we do in schools, governmental hearings, 
and other venues for public outreach. Furthermore, whereas English is the primary language of 
science, cultural shifts and employment practices indicate the need for both digital communi-
cation and non-English languages.

• Animal welfare: In the last decade, the American Veterinary Medical Association (AVMA), 
the Royal College of Veterinary Surgeons, and the Australian and New Zealand College of 
Veterinary Scientists have established distinct credentials to recognize those persons special-
izing in animal welfare. According to the AVMA website (www.avma.org), the American 
College of Animal Welfare (www.acaw.org) offers certification to veterinarians successfully 
completing advanced education and training to become animal welfare specialists.

• Ethics: Indeed, ethics have taken an even greater foothold in the animal facility (Dinkel 2012). 
Training embodies the ethical responsibility we have when conducting animal research, test-
ing, and teaching (King 2004). Animal ethics, as broad a topic as that is, is explored in depth 
elsewhere in this book. The future animal facility managers will need to be trained and conver-
sant, from Aristotle to the 3Rs to the emerging legislation resulting from law school students 
studying in the newly emerging discipline of animal ethics.

• Robotics: More and more equipment in the facility is being operated or monitored by robots 
and computerized devices, supported by computer-controlled interfaces and, to some degree, 
artificial intelligence. In a way similar to the integration of trainers in vivaria, personnel with 
an understanding of computers and mechanics will be (are) needed in the cage wash area, at the 
research bench, and with data management systems.

• The 3Rs: Education and training in the laboratory animal facility has increasingly embraced the 
principles of refinement, reduction, and replacement as outlined by Russell and Burch (1959) 
in The Principles of Humane Experimental Technique (Nevalainen 2004; Guhad 2005; Franco 
and Olsson 2014). The Johns Hopkins University Center for Alternatives to Animal Testing 
advocates that “the concept of recognizing, minimizing, and eliminating pain and distress in 
laboratory animals should be included in training programs for all persons involved in the care 
and use of laboratory animals” (Zurlo et al. 2016). The application of the 3Rs, especially as 
applied to refinement, is demonstrated by more frequent training agendas at conferences that 
share improvements on techniques involving animals and, by a wider choice, of inanimate 
models to replace live animals in training sessions. Training and the Rs have become part of 
the institutional culture of using laboratory animals. However, King (2004) noted the knowl-
edge gap of “the lack of existing research data comparing the educational value of alternative, 
with traditional animal-based, instruction methods.” This presents a challenge to trainers and 
managers in laboratory animal science.

• Veterinary care technicians and husbandry staff development: Pritt and Duffee (2007) advo-
cated that animal care providers receive “a strong training program on diverse topics accord-
ing to staff duties.” Their recommendations for topics included ethics, regulatory compliance, 
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and “species-specific biology and behavior, animal facility equipment and operations, animal 
health procedures, animal research policies, occupational health and safety equipment and 
practices, computer usage, training, and management.” Lockworth et al. (2011) presented a 
case report where the roles and responsibilities of veterinarians, veterinary care technicians, 
and husbandry staff were modified to accommodate the expansion of a rodent program. With 
the backing of management, a training program was designed for technicians to become more 
engaged, from simply identifying health issues to actually making decisions for treating and 
euthanizing rodents. This training program empowered (following the principles of andragogy) 
all team members and resulted in a staff that could provide consistent, high-quality veterinary 
care more efficiently.

• Those not trained: It has been mentioned that the facility manager will often be called on to 
assist the IACUC in the institutional obligation to train. Benoit and Bayne (2005) addressed 
those persons who, for various reasons, may not be “captured” (called the forgotten by them) 
through traditional channels as needing training. Specifically, it may be the visiting scientist or 
summer student who has not been identified but suddenly appears one day working in the facil-
ity. The manager will need to decide how to handle the situation—for example, by engaging 
another approved user from the same laboratory group, curtailing the animal activity, contact-
ing the IACUC, or documenting and reporting the incident—all the while managing the lack of 
training incident from a HR perspective.

What Does the Training Cost?

High among the concerns of a manager is how to pay for products and services, which includes train-
ing. Conversely, the question needs to be asked by managers, what would, or could, it cost if there is no 
training? Phrasing that differently, the cost of doing it wrong is just too much—and reflects poorly on 
facility management.

Managers acknowledge that money is needed for the purchase of training materials (e.g., AALAS 
2016a), attending conferences, subscribing to journals and webinars, holding memberships with training 
organizations, and so forth. The cost of these items can add up quickly. Other costs may be less apparent, 
but they are still quite visible under examination. For example, they include the salary for a trainer and 
trainee, the items used in developing curriculum, and the rooms where training occurs.

Some hidden costs may not even be apparent, but nevertheless have an impact on the overall animal 
use and care program when training is inadequate. Consider these scenarios:

• The extra time taken by a PI to write a protocol or by the IACUC to review one that is not well 
written and is not complete

• The losses from procrastination or personal grief (recall the ABCs of training) associated with 
a task that is not well learned and consequently is not conducted properly or perhaps not at all

• The health effects resulting to either an animal or staff member that manifest long after an 
exposure because the user had not learned correctly how to use personal protective equipment 
initially

• The issues, expenses, and cost of public relations following the revelation that an animal has 
been mistreated or an untreated hazard has left the facility

• The cost to institutional prestige and reputation following preventable losses, and consequently 
grant proposals being awarded elsewhere

The facility manager should consider that training is protective and should be bought as a precaution, 
much as we do with insurance. DeOrnellis (2013) wrote, “As such, trained individuals may be likened to 
an insurance policy, ‘purchased’ by the institution, to mitigate some of the risk associated with in vivo 
research. But an important distinction between insurance and training needs to be made. An insurance 
policy never improves an individual’s position; it can only protect the individual from disaster. Insurance 
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equals risk mitigation. A strong training program also mitigates risk, but unlike an insurance policy, 
training can improve an institution’s animal care and use program.”

The cost of doing it wrong is just too much! This expression needs to be repeated in lab animal training 
sessions. Trainers, those responsible for PAM, and facility administration should look for ways whereby 
training can help to improve animal well-being and increase efficiencies in facility activities. Good 
managers have a direct line of communication with most aspects and stakeholders of the animal care 
and use program, and therefore they are a unique resource for issues where training could be helpful to 
correct a problem.

At times, it is appropriate for managers to calculate the return on investment (ROI) for training. 
Training is an expense item that can be measured. How much benefit came back when a training session 
was held, whether it was at a conference to which staff traveled or it was a trainer hired to do on-site 
training? How much contact time was there? Did staff learn “after hours” during the conference? Were 
staff talking after the contracted trainer left about what was learned? Such a calculation involves factors 
other than just dollars or euros paid.

If the institution is fortunate to have a dedicated training center, is it also considered a cost center in 
terms of administration and budgeting? Costs associated with training are in most cases better tracked 
when there is a cost center, so that training activity is accurately measured, and it has associated line 
items in the facility or institutional budget. Besides accounting for the money spent, the training coor-
dinator can track staff members trained, store training materials, survey users, and provide on-demand 
training.

The concept of cost accounting in relationship to training should not be regarded only from a negative 
perspective. Consider these concepts, each of which contributes to the overall culture of training evolv-
ing at the research institution:

• The ROI means staff perform work more efficiently.

• Facts are retained, or it is known where they can be looked up.

• Through discussions in and after class and training sessions, better animal-related practices 
are suggested.

• Full training records, meaning large files with frequent training encounters, elicit kudos from 
visitors (including regulatory inspectors and AAALAC International) to the animal facility.

• Trainers become acquainted with members of the research team, and their relationship is posi-
tive, not confrontational.

• The newly recognized skills and knowledge of lab animal staff can be utilized by the training 
staff.

Methods That Managers Use to Accomplish Training In-House

Educational methods include storytelling, discussion, teaching, training, and directed research. In school, 
we expect to learn from teachers, who often practice pedagogy, which is the giving of information based 
on established traditions and norms of a broader scope of education. Traditionally, the process of instruc-
tion or teaching has been conducted through rote learning. Managers and trainers in laboratory animal 
science should be asking themselves when and where this model is appropriate. Probably, it can work well 
in preparation for a certification examination, but will it suffice for tasks like surgery and cage washing?

Training is said to be the education one receives when specializing in a field. Moreover, it is the 
practical application of knowledge acquired (Paschal 2013), based on the needs of the student or 
learner, which distinguishes training from teaching. Because training is often associated with what 
adults want or need to learn, it has frequently been referred to as adult-learning education, or andra-
gogy (Knowles et al. 2012).

Knowledge is the factual information or the skill set obtained through experiential learning (e.g., on 
the job) or a formal educational process (e.g., in a classroom setting) (Oxford 2015b). Appropriate use of 
training or educational methods is often the goal of the specific audience and in-house training content.
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E-Learning in Laboratory Animal Science

Of the many advances in managing animal facilities, those in information technology are among the 
most impressive. Great amounts of data can be collected and stored without paper. Information can be 
sent and received within a single centralized facility or exchanged with colleagues elsewhere in the world 
within seconds. This has benefitted training as well through the discipline of e-learning.

The social media of the twenty-first century started in lab animal science as electronic blackboards. 
Credit is given to Dr. Ken Boschert at Washington University (St. Louis, Missouri) for his vision of work-
ing with AALAS to establish a means by which lab animal professionals could exchange information—
thereby training one another. This became CompMed (AALAS 2016d)—a unique community of users 
providing electronic sharing of knowledge, coverage of comparative medicine and laboratory animals, 
resources, opinions, and so forth.

Webinars are available at all times, both at the first showing and in the archives of the provider. They 
are a means to obtain focused information on many topics pertinent to operating a laboratory animal 
facility. Often complimentary, vendors share their latest products and federal agencies inform about the 
latest regulatory changes via webinars. Members of lab animal societies can watch webinars for free as a 
member benefit or at a discounted cost. Refer to the appendices at the end of this chapter to find organiza-
tions providing these e-training opportunities.

The libraries and curricula of the electronic “classrooms” devoted to laboratory animal science, such 
as the ALL (www.aalaslearninglibrary.org) and CITI (www.citiprogram.org), have increased signifi-
cantly in the last decade. Both represent worthy subscription resources for learning about and obtaining 
training in laboratory animal science disciplines. Lab animal managers must be cautioned not to simply 
direct staff to take the classes, however. This information is primarily knowledge-based content with 
minimal demonstrations of skills. Competency and capability with the application of facts and utiliza-
tion of skills should be assessed by the institution. Recalling the driving metaphor, because an individual 
has watched a video about driving a car does not mean he or she will be able to proceed down the road 
without incident!

The advantage to training material archived on the web is that it can be accessed any hour of the day, it 
can be watched any number of times, and it can give time to the trainer for personalized training instead 
of conducting rote training sessions. Unlike the libraries of videotapes that facilities used to buy and 
keep in a static manner, media on the web can be immediately updated to current knowledge. The astute 
facility manager involved with training will be aware of and evaluate such benefits.

Another feature of e-technology is the development of LMSs. This is software that accumulates into a 
database the training records and experiences of staff. Commercial examples include Moodle, Canvas, 
Blackboard, Google Classroom, and Compliance Wire. Selecting, installing, and maintaining an LMS 
may require the assistance of the institution’s computer and information technology group.

An LMS is informative for reminders about training that needs to be periodically retaken and to 
quickly identify who among staff are experienced with a technique or an animal model. Managers will 
find an LMS useful in several ways. Imagine one that extracts from the résumé of a new hire all of her 
capabilities and puts them into a personnel record, onto which all additional training is recorded, so that 
all of her training or expertise is available to the manager. Imagine the LMS that ties into an electronic 
protocol system, such that entering the name of Technician Tom automatically populates a document 
(e.g., a protocol or grant proposal) and informs the IACUC that he is qualified to work with the specific 
animals on that study. Imagine the institutional library that can be built within an LMS for PowerPoint 
presentations, conferences attended, guest speakers heard, webinars attended, certifications achieved, 
and so forth. With an LMS, the Guide (ILAR 2011) requirement that “all program personnel training 
should be documented” may be more easily satisfied.

Choosing an LMS takes its own set of skills and project planning. Knowing exactly what the orga-
nization needs or wants the LMS to do is critical from the outset, to which the lab animal manager 
should contribute. A simple program that lists training and competencies is easy to manage and easy to 
install. A more complex system that documents standard operating procedures (SOPs) review, hands-
on training, classroom training, CBT, and so forth, takes much more time both to set up and to man-
age. A dedicated trainer or training staff will need to have time in their schedule to manage the LMS. 
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The benefits of a more complex system, though, can be immeasurable. It can improve both compliance 
and standardization of training across large organizations. A well-organized and thought-out LMS can 
be set up with curricula for many different job roles. These jobs can send reminders to learners when 
training is due, store CBT modules, alert managers when training is delinquent, generate transcripts for 
animal program reviewers (e.g., inspectors), and more. Be aware that one can only get out of the LMS 
what one is willing to put into it. Organizations that cannot dedicate personnel to manage the training 
program and LMS would probably be better served with a simpler LMS.

E-learning is one of the buzzwords of training now. Bound paper books to read, plastic animal mod-
els to manipulate, and hands-on physical labs to conduct still have a function. But, the online Portable 
Document Format (PDF), computerized body systems, and virtual labs of almost all procedures embody 
the 3Rs for training purposes. The workforce (the millennials or generation Y) entering biomedical 
research in 2017 have had these learning experiences since kindergarten. Trainers and managers who do 
not integrate e-technologies will be behind the e-learning curve.

There are many pieces of educational software that can aid trainers in conveying information about 
laboratory animal science. The fast developments in the field preclude mentioning extensive software 
systems. Nevertheless, laboratory animal facility managers and trainers might use the two below as 
examples for fostering learning:

• Poll Everywhere (www.polleverywhere.com) is a tool to engage audiences from large to small 
in a training session (Kennedy 2014c). It can be used as an icebreaker to open a training session 
or as an assessment tool for longer training sessions. Using either a mobile phone or a computer, 
the student participants respond to questions either posed in the application or embedded in a 
PowerPoint. Results are displayed instantaneously, bringing “quiet” or passive learners into the 
presentation.

• Padlet (www.padlet.com) is similar to Poll Everywhere. Its capability is that it can collect post-
ings made to a preset web page established by the trainer. For example, an assignment, consist-
ing of five standard questions, can be given during a training session to characterize a particular 
lab animal research model. The learners—singularly or in groups—can complete the tasks in 
real time and post their work for all to see and compare with oversight by the trainer.

Managers and trainers need to be cognizant of the Americans with Disabilities Act (ADA) require-
ments with e-learning materials to provide access to information resources. Compliance with this law is 
important for training a diverse staff. An example standard is Voluntary Product Accessibility Template 
(VPAT), used in the California State University system (CSU 2015).

Position of Trainer

In the last century, the position of a trainer in a laboratory animal facility was a somewhat rare entity. 
Certainly, there were persons who trained, like managers, but they tended to have other primary respon-
sibilities. Their jobs were not devoted entirely to training, and so they had to carve out the time each 
day and week to educate both users of the facility and themselves. Many benefitted from the educa-
tional opportunities provided by national and regional AALAS meetings. LAMA, established in 1984, 
addressed many of the training responsibilities of managers, while LAWTE, established in 1994, was 
created to help empower staff with their training responsibilities.

Momentum has built for “named” trainers in facilities. In 2002, Kennedy published a model position 
description for a lab animal trainer. More trainers and more facilities with trainers are visible in the labo-
ratory animal field. Although there is no database of trainers, it is reasonable to think that there is at least 
one trainer, part- or full-time, in every laboratory animal facility. Calculating an estimate for the United 
States, it is possibly 1500–2000 trainers, based on almost 1000 USDA-registered facilities, 1300 Public 
Health Service (PHS)–assured institutions, and more than 900 AAALAC-accredited institutions (like a 
Venn diagram, the numbers will overlap). This estimate is supported by the number of persons partici-
pating with LAWTE, which in 2015 had a global membership exceeding 300 persons and more than 800 
subscribers to its complimentary listserv, which shares training topics (Kennedy 2015). The Laboratory 
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Animal Facility Compensation Survey conducted by AALAS in 2014 reported that 50 individuals held 
a position where training was their primary task (AALAS 2014).

Today’s laboratory animal facility trainer could be a member of the vivarium staff, the training depart-
ment, the veterinary medicine department, or the IACUC or equivalent oversight ethics committee. 
Directing the individuals and their appropriate efforts with the institutional program in mind is often the 
role of the laboratory animal science manager.

The Manager Who Trains

Sometimes the lab animal facility manager is also the trainer, particularly in smaller facilities. In that 
circumstance, there are advantages, such as knowing the capabilities and capacities of the staff, know-
ing what specific experience (knowledge) or skill is needed for a project, and knowing what resources 
are available for training. A special benefit is finding teachable moments, which is when a manager 
spontaneously recognizes a situation as an opportunity to train on something being discussed for other 
institutional purposes.

While the dual role of manager–trainer is efficient in terms of institutional resources, the circumstance 
has the potential to decrease the resource availability of that person. This dual role may undermine 
individual capabilities as a trainer because of more pressing responsibilities as a manager. For example, 
consider the scenario of assigning, as the manager, the task of processing a delivery of animals instead 
of conducting a scheduled training session. Another is the awkwardness that arises when a manager 
addresses a difficult HR issue with an employee, which upsets both, and later the disciplined staff mem-
ber attends a training session led by the manager.

Contracting Training

In recent years, it has become possible to hire trainers and training on a contractual basis. Several com-
panies have made it part of their business to offer training on a fee-for-service basis. In other situations, 
training is a line item among many services provided in a contract by a full-service animal care com-
pany, such as veterinary care, cage changing, and cage washing. As with other contracts in the animal 
facility, the manager often negotiates the specifics and should sort the details of training services as 
well. Recalling the 6Ws process, they can be defined. Who will receive the training—staff only or all 
employees of the institution? Where will training occur—at the site of the contracted company or the 
institution? What will the training consist of—basic husbandry, surgical skills, regulations, and so forth? 
Why do this training—both contracted company and institution need to know? How much training is to 
be provided—for only basic internal needs or CE? When will training happen—for each new employee, 
on an as-needed basis, once per year?

As discussed elsewhere in this chapter and with regard to cost accounting in this book, the matter of 
charges, payments, per diems, and similar cost items will need to be determined. Costs can be absorbed 
as an institutional support service item under a general operating budget. They may fall into the labora-
tory animal resources component or possibly the IACUC, or even an established training cost center.

Assessment: Measuring Competency and Evaluating Training

Determining whether someone “knows his stuff” has taken prominence in lab animal training, as in other 
fields—and rightly so. Much is at stake when an animal is involved. Because investigators and the IACUC, 
through the protocol review process, have determined that it is ethically appropriate to use animals in a 
procedure, those persons actually conducting the procedure must be deemed competent at what they do.

Four terms are commonly associated with evaluating training. Assessment is the evaluation or esti-
mation of the nature, ability, or quality of something. Qualifying is the demonstration of capability at 
something in order to be qualified or accomplished, enabling someone suitable for a particular job or 
activity—one is said to have qualifications. Competence is the ability to do something successfully or 
efficiently. And, proficiency is a high degree of competence or skill—one is said to have expertise.
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The purposes of assessment in lab animals are many (Popham 2010; Kennedy et al. 2016). They include

• Comparing actual learner performance to the goals of the instruction

• Helping learners make decisions about their next action since staff often work alone

• Monitoring ongoing progress with, for example, complicated surgical procedures

• Assessing the teaching methods as conducted by the institutional trainer

• Revising and improving the institutional training program

• Providing information about capabilities to other stakeholders (e.g., clients of contract research 
organizations [CROs], AAALAC international site visitors, and USDA veterinary medical officers)

• Qualifying an individual’s background knowledge and experience (e.g., during the hiring pro-
cess or to determine whether a person can opt out of additional training)

• Determining learner satisfaction with training sessions (i.e., fulfilling the principles of WIIFM 
or motivation according to andragogy)

• Developing self-assessment procedures

The lab animal manager will recognize that being qualified or competent is a demonstration of train-
ing and a learner’s ability that exceeds basic or elementary copying and regurgitation of educational 
material. Many organizations throughout the world recognize achievements, accomplishments, and 
expertise in various disciplines within laboratory animal science; see Appendices 2 through 5. A simple 
explanation of a new concept (fact or technique) does not equal knowledge or an ability to apply it.

The styles used to assess or evaluate are different from learning styles. In the same way that language, 
science vernacular, learning disabilities, anxiety, and so forth, affect learning, an assessment of an indi-
vidual may be challenged by these factors. The facility manager may need to assist in accommodating 
both, applying one or more of the educational leadership forces presented previously in this chapter.

The facility manager needs to know basic characteristics of assessment processes. They include being 
simple and fair, which can be said to be transparent; being purposeful and related to job skills and tasks; 
matching the priorities of the institution; utilizing appropriate testing methods; allowing for recording 
mistakes in order to inform others (e.g., the IACUC and institutional official) and to identify retraining 
needs; and offering continuous improvement. The manager should critically assess how evaluations are 
done. Evaluations should not be assessing what is easiest and what is not relevant. The manager should 
spot when there is a potential conflict of interest as well.

Examples of what teachers and trainers use for assessment are the following: check-off sheets, adher-
ence to SOPs, concept understanding forms, assessment of previous experience, tests with and without 
psychometric analysis applied, competency standards coming from the industry (AALAS and PRIM&R 
apply them for their certification tests), observations while performing tasks, analysis of outcomes and 
performance (e.g., numbers of cages changed, record-keeping errors, and morbidity and mortality statis-
tics), and rubrics (see further in this chapter). The tools can utilize technology or homegrown products. 
What is critical is that assessment tools are reliable and validated. In order to accomplish this, the com-
petency criteria should be established ahead of time and communicated to the learner before or during 
training. Additional information and descriptions can be found in educational references such as Popham 
(2010) and from the ATD (see Appendix 12.3).

Many members of a research institution can be responsible for and engaged in the various processes of 
assessing competency. At minimum, they, who are called assessors by Singleton (Kennedy et al. 2016), 
would include trainers, auditors, veterinarians, vet techs, researchers, managers, and animal care staff. 
The facility manager is arguably toward the top of the list and should work with the IACUC and trainers 
to ensure that individuals performing animal activities are capable to the greatest extent possible. The fol-
lowing items are a summary of several management and evaluation approaches the manager can consider:

• Certification and certificates. Managers should appreciate the variety of ways that individu-
als earn recognition for their training. Generally, a certification indicates a study of a body 
of knowledge with an evaluative test at the end. A certificate may indicate attendance at a 
single training session or completion of several criteria in order to show participation. Several 
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institutions and organizations provide training in laboratory animal science, which have been 
accumulated in the appendices at the end of this chapter.

• Attempts have been made to harmonize training among countries and grant reciprocity for 
completion of similar study and accumulated experience. Managers should evaluate and appre-
ciate for institutional needs the accomplishments of individuals at other institutions and animal 
programs. Some of them are described in the appendices.

• Evaluative educational research indicates that persons demonstrate their knowledge and skills 
in different ways. One person may test better, whereas another may show a skill better, and both 
would be assets to the animal research team. Managers should recognize that human resource 
requirements in job descriptions that are too stringent may restrict the pool of good candidates. 
The terms book learned and street smarts imply different ways to gain knowledge and apply it.

• Postapproval monitoring. The concepts of PAM and the institutional means by which it is 
conducted are intended to ensure compliance with animal welfare and regulations. As well, 
PAM activities can potentially be used to evaluate animal users in real circumstances on what 
they have learned in training sessions and subsequently apply when working in the facility. 
Additional training may be a suggested outcome of a PAM session.

• Capability in one area may prepare a learner for something else. Educational assessment incorpo-
rates formative (as something develops) with summative (at the point of completion) determina-
tions. In another way of managers being motivators of learning, they can utilize the concept of 
training mixed with “have to know, good to know, fun to know” topics. Training managers can 
explain, for example, the animal model in an interesting way (fun) and then train on the require-
ments (have to know). Both of these processes relate to the aforementioned principles of andragogy.

• Indicate that “going to training” is still “going to work.” The learner should return from a ses-
sion and share what was learned, which serves as a measure of knowledge gained. The manager 
is then assessing the value of a training opportunity, the fact that the learner attended it, and 
what was presented. This process relates to the concept of ROI in training.

• Challenging trainees. Veteran trainers know students informally categorized as the newbie, 
the prima donna, and the experienced new hire. Each requires a different training management 
approach. The newbie is generally the neediest in terms of training because the entire curricu-
lum is new and the starting point may be challenging to find. The prima donna comes across as 
knowing it all and objects to being trained again; an option is to test or evaluate the individual 
for proficiency and use this information to determine training requirements. The experienced 
new hire challenges the trainer by saying, “At my old job, we did it this way,” which can be used 
to consider as a point of evaluation by the institution or be turned back to say, “Thanks, good 
to know; here, we want to be consistent in our practices.”

• The “oops!” factor of making new mistakes (MnMs). Mistakes will happen in research. Einstein 
said, “If we knew what it was we were doing, it would not be called research, would it?” These 
sentiments are not granting permission to make mistakes, but are supportive of the R for refine-
ment to practice before doing. MnMs in a controlled learning environment with in vitro methods 
can be a satisfactory approach. Use mouse models, then mouse carcasses, and then the real mouse 
for the actual procedure in order to manage a training process. Increasingly, there are publications 
in the lab animal science literature describing methods to train using alternatives to animals.

• Protocol documentation of training. The possibility of having abbreviated résumés or training 
transcripts for each staff member in a database (i.e., LMS), kept up to date and accessible by the 
institution, could assist in completing the training and experience section of animal use protocols.

• Continuous professional development (CPD). The manager offers training opportunities on a 
continual basis as part of the institutional and leadership culture about training to be as profi-
cient, competent, and updated as possible. Many job categories in laboratory animal science 
require professional credentials, and persons must maintain their knowledge through CE. For 
some, credentials are maintained in a registry (e.g., the AALAS RALAT, RLAT, and RLATG 
technician levels, where the R prefix indicates being registered). More and more, training 
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programs are receiving Registry of Approved Continuing Education (RACE) approval by the 
American Association of Veterinary State Boards (AAVSB) (www.aavsb.org/race) for CE to 
help maintain state licensure for veterinarians and veterinary technicians. RACE is seen as a 
measure of quality control in training.

• Rubrics. A rubric is a tool to conduct an evaluation, by scoring ability, whether it is stating a fact 
or performing a task. There are three elements in a rubric (Popham 2010): (1) evaluative criteria 
to judge, (2) quality distinctions on how to judge, and (3) an application strategy for the score. 
For example, a score of zero means unable, 1 for capable, and 2 for well capable. The scoring 
scale is usually expanded to allow for fewer absolute distinctions, but there is still an accept-
able cutoff score based on objective criteria. “Technical skills seem best suited for this numeric 
metric evaluation,” opined Waldis (2013), who, along with Clifford et al. (2013), has published 
examples of rubrics for laboratory animal science. The facility manager can work with the facil-
ity trainer to help establish the validity and reliability of institutionally based rubrics.

• In pedagogical schooling, where the passing of information is focused on the student, the teacher 
often conducts assessments (commonly quizzes, tests, and practicums) that are formative and 
summative. Formative assessments occur during training, as knowledge develops or forms. 
Summative assessments, on the other hand, tend to occur at the end of a unit of training or per-
haps as an overall cumulative examination or demonstration of knowledge. Both have their value 
for the learners to be informed about their progress and accomplishment of course objectives. 
Additionally, the manager can use these assessments to evaluate trainers, to inform them about 
their impact on trainees. Assessments can be powerful for all the stakeholders to gauge learning. 
Keeping records of assessments is a management tool to measure learning and progress over time.

• Self-assessment is another kind of evaluation, but it is more personal. The individual learner is 
asked to compare knowledge and skills gained over a period of time. It is a reflection of what 
has been achieved. A self-assessment can be structured with specific questions, tied into learn-
ing objectives, or left to be free form. It can take the structure known as pre- and posttesting, 
where existing knowledge is measured at the beginning and end of a training session using the 
same evaluative tool, like a 10-question quiz.

• Training metrics. While not a measurement of learning per se, metrics used to evaluate a training 
program may be part of the manager’s job. The data might include the numbers of persons trained 
and retrained, numbers certified, types of training, costs associated with training both internally and 
externally, and numbers of hours spent training. One perspective on what can be measured is avail-
able as a webinar entitled “Metrics Applied to Training in Lab Animal Sciences” (Kennedy 2014d).

Summary

As presented throughout this book, the duties, expectations, and responsibilities of the manager of a lab-
oratory animal facility have generally expanded and become more complex since the publication of the 
first edition. Part of that increase has been the manager’s tasks associated with training. Concurrently, 
for many reasons, the training environment has changed. Whereas before the manager’s position descrip-
tion probably included training as one more task to address, today the breadth of training responsibili-
ties is far greater. Regulations, animal welfare, procedural refinements, societal ethics, and more are all 
demanding increased effort at training. Thus, any of the following are possibilities related to training and 
what the manager might be doing:

• To be the manager of the training department in a large animal care and use program

• To be a manager alongside one or more trainers

• To be the manager supervising one or more trainers

• To be responsible for implementing or revising a training program

• To maintain the database of training records (and a composite of knowledge) for presentation 
to regulatory agencies or clients using a CRO
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• To work with the public relations department of an institution to inform the public, providing 
outreach programs to community organizations and schools

• To assist with the education of students, from elementary to graduate, on the STEM disciplines, 
because predictions are that a science and technology educated workforce will be greatly 
needed in the next decade and beyond

• To work with the IACUC in managing teaching and training protocols, as well as research and 
testing protocols

In other words, as would be expected, there is no “one-size-fits-all” approach that describes what it 
means to manage training. Each institution will have its own needs and outcomes. Accordingly, this 
chapter has first familiarized—as a foundation—the lab animal manager with concepts of develop-
ing training programs, what many would label as TtT. There exist now many more resources for that 
information. Assuming that base level of knowledge, the topics in this revised chapter have moved to 
focusing more on the management concepts of running a training program. With that have been bits of 
educational theory for the manager to appreciate.

The manager of a laboratory animal facility plays a very important role in facilitating training within 
an institution. One should appreciate the interesting play on words here—the verb facilitate and the 
noun facility—which originate from the word facilis in Latin-based languages, meaning “to help some-
thing run more smoothly and effectively.” It is the responsibility of the institution’s ethical oversight 
 committee—the IACUC—to ensure that appropriate training is accomplished. The manager can make 
that more facile, meaning “with ease,” for all the stakeholders.

The facility manager is aided by various organizations and modalities to ensure training in the care 
and use of laboratory animals. In today’s learning environments, distance and time do not limit the avail-
ability of training. And there are numerous teaching methods to assist learners with the advent of tech-
nology and studies of cognition. Regardless, the traditional humanistic approaches to instill the culture 
of training—the “people” part—are where the facility manager can and should contribute.

APPENDIX 12.1: EDUCATIONAL THEORY AND CONCEPTS 
APPLIED TO LABORATORY ANIMAL SCIENCE
Introduction

Typically, the manager of an organization is charged with “getting the job done.” In response, the com-
mitment to and actions taken may be directed toward those goals. While this approach is practical and 
generally efficient, it also prudent to be familiar with theories and concepts behind the practices of 
managing a particular process. This chapter has focused on the practical and applied steps related to 
managing training. It turns now to some of the reasoning and history that support them.

In the spirit of learning—being a lifelong learner—the topics in this section are meant to enrich the 
background of those who manage training in some respect. Broader training is seldom a bad idea, but a 
topic may not be relevant and efficient to learn “at the moment.”

Is It Education, Teaching, or Training?

Usage of the terms education and training is more often a philosophical conversation by those (epistemol-
ogists) who study knowledge and acquiring it. Likely, it has minimal impact on the daily operations in the 
animal facility. However, a manager will be better informed when discussing the distinctions and nuances 
of curriculum and competency with trainers and educators, who of course use the specific vocabulary of 
their profession, as do scientists and architects, with whom the facility manager may be more familiar.

One definition of education is “the process of receiving or giving systematic instruction, especially 
at a school or university” (Oxford 2015a), which is synonymous with the concept of formal education 
as reflected in academic degrees (BS, MS, PhD, etc.). But, an education comes from many sources, as 
managers know from reviewing résumés and hiring staff.
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Irrespective of the terms, the learning strategies—as used by those training in lab animal facilities—
are dependent on the purpose and type of instruction. The word instruction comes from the Latin instru-
ere, for “building in” (Shakeshaft et al. 2013). So, whether educating, teaching, or training, the objective 
is to build in information, by instructing the student, first imparting the knowledge and later assessing its 
application. When the student is, for example, husbandry staff, veterinary staff, scientist, IACUC mem-
ber, or facility repair person, that is the point where terms like education and training become relevant 
for the lab animal manager.

Relationship between Training and Human Resources

The facility manager should recognize what are the responsibilities of HR and what is correctable 
through training. HR does assist in the traditional duties of hiring new staff and disciplining existing 
members. From perhaps a more positive aspect, the terms human capacity and human capital have 
emerged in HR vocabulary to recognize the development of knowledge, skills, and attitudes (KSA) by 
employees. Training can and should be used by managers to build capacity and capital in their employ-
ees. Such actions can be applied to specific individuals for their career development, as well as to various 
sized groups to improve the overall production of the institution. An astute manager will identify where 
training—as a tool—can be used for this purpose and take advantage of the potential (Dinkel 2015). 
Further, it is why managers need to engage with their institutional training programs.

The two leadership forces of technical and humanistic are generic and applicable to all forms of 
management. The other three forces—educational, symbolic, and cultural—can be seen as prevalent 
characteristics of exemplary training programs. For example, a proactive manager demonstrates these 
educational leadership traits when considering the wasted resources represented by a training room sit-
ting empty or staff not attending a local training course because they do not value learning or feel there 
is no personal benefit. On the other hand, mixed leadership messages are sent when the manager turns 
down a staff member willing to pay the transportation costs herself to attend a local training session 
because she asked for approval of a day—a “training day”—to attend.

APPENDIX 12.2: SCHOOLS OFFERING 
TRAINING IN LAB ANIMAL SCIENCE
Since the early days of Dr. Brimhall at the Mayo Clinic, when learning about lab animal science was an 
on-the-job training effort, various schools have developed curriculum to teach about animal research.

From an informal poll of trainers on the LAWTE listserv conducted in 2015, it was learned that there 
are scores of educational institutions offering extensive coursework in laboratory animal science topics 
throughout the world. By extensive, it is meant that there is a strong and specific focus to teach about 
laboratory animal science, but a degree in the subject is not necessarily conferred by the institution. What 
this body of training means to laboratory animal facility managers is that informed groups of students will 
enter the animal research field already possessing skill sets and an animal welfare mind-set for research, 
testing, and teaching, and opportunities for collaboration between research and educational institutions.

Veterinary Technician Programs

Possessing coursework in general animal health and procedures is valuable in staff who work in labora-
tory animal facilities. Veterinary technician programs are available in most states in America, where 
there are both 2- and 4-year programs, and in many provinces in Canada, where the programs are 2 and 
3 years in length. Many programs have been accredited by committees of the individual countries. In 
America and Canada, accreditation is conducted by the Committee on Veterinary Technician Education 
and Activities (CVTEA) of the AVMA. There are several distance education programs as well. In an 
accredited veterinary technician program, part of the curriculum is the requirement for content in “labora-
tory animal procedures”; see Section 8 of the task list at https://www.avma.org /ProfessionalDevelopment 
/Education/Accreditation/Programs/Pages/cvtea-pp-appendix-i.aspx.
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Bachelor’s Programs

A few schools offer a degree in animal health science to train veterinary technicians for a variety of 
animal fields, including animal research. The curriculum at California State Polytechnic University, 
Pomona has been published (Kennedy 2014a), which indicates one approach to satisfy the breadth of 
material needed to prepare for a career in lab animal care. Several other schools, as shown in the table, 
offer an emphasis in laboratory animal science in their programs.

Master’s Programs

Drexel University, when it was known as Hahnemann, was the first school to develop the master of 
laboratory animal science (MLAS) degree. Starting as a face-to-face program in 1987, since 2009 it has 
conducted an online program as well. See http://catalog.drexel.edu/graduate/schoolofbiomedicalsciences 
/laboratoryanimalsciences and Kennedy (2014e) for more information. Another program was launched 
at Eastern Virginia Medical School in 2014. Similar to Drexel, it “allows maximum flexibility for the 
students … who may be currently working within the field of laboratory animal science [or] looking 
for opportunities in research laboratories but do not want to relocate to attend traditional master’s pro-
grams.” See www.evms.edu/education/masters_programs/las for more information.

Doctorate-Level Programs

Well known are the residency programs to train veterinarians in laboratory animal science in order 
to become diplomates of the American College of Laboratory Animal Medicine (DACLAM). One 
combines the veterinary medicine degree with a lab animal master’s degree (Tufts). More informa-
tion can be obtained from the website of the American Society of Laboratory Animal Practitioners 
(ASLAP) (www.aslap.org), which maintains a voluntary listing of residency programs, and ACLAM, 
which lists all ACLAM-recognized training programs (www.aclam.org/education-and-training/ training 
-programs). Additionally, the AVMA maintains lists of the veterinary colleges (www.avma.org /Professional 
Development/Education/Foreign/Pages/ECFVG-world-colleges-degrees.aspx) and the types of veteri-
nary medical degrees (www.avma.org/ProfessionalDevelopment/Education/Foreign/Documents/ecfvg12 
.pdf) granted throughout the world.

Representative Schools in the World with an Emphasized Curriculum in Lab Animal Science

School Location Program General Comment

Aachen University Germany Master in laboratory animal 
science

http://msc-lab-animal.com/program

Alamance Community 
College

North Carolina Associate’s degree, 2 year

Becker College Massachusetts Animal science/veterinary 
technology degree with a 
laboratory animal emphasis, 
4 year

Bel-Rae Institute of 
Animal Technology

Colorado 2-year associate’s degree in 
applied science in veterinary 
technology

California State 
Polytechnic University, 
Pomona

California Bachelor of science, animal health 
science

One of several veterinary technology 
programs accredited by the CVTEA 
of the AVMA

Delaware Valley 
University

Pennsylvania Bachelor of science, 4 year www.delval.edu/academics 
/undergraduate/agriculture 
-environmental-sciences/animal 
-science/animal-science 

(Continued)
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School Location Program General Comment

Drexel University Pennsylvania Master of laboratory animal 
science

http://catalog.drexel.edu/graduate 
/schoolofbiomedicalsciences 
/laboratoryanimalsciences

Eastern Virginia 
Medical School

Virginia Master of laboratory animal 
science

www.evms.edu/education /masters 
_programs/las

FRAME (Fund for the 
Replacement of 
Animals in Medical 
Experiments)

United 
Kingdom, 
Central 
Europe, and 
Scandinavia

Training schools in experimental 
design and statistics done in 
association with universities

www.frame.org.uk/training -schools

Harcum College Pennsylvania Veterinary technology, 2 year 1972, AVMA accredited

Individual institutions Mexico Permanent training program for 
staff

Mexican legislation; NOM-062—
technical specifications for the 
production, care, and use of 
laboratory animals

Individual institutions Argentina, 
Brazil, Chile, 
Colombia, 
Cuba, 
Uruguay, and 
Venezuela

Coursework for local staff

Johns Hopkins School 
of Medicine

Maryland Research fellowship in molecular 
and comparative pathobiology

Residency, including ACLAM

Kerala Veterinary and 
Animal Sciences 
University

India Certificate in laboratory animal 
medicine

Doctor of veterinary medicine 
(DVM) oriented, in affiliation with 
the University of Guelph, Canada; 
online course with a practical 
component in India, www .kvasu .ac 
.in and www.open .uoguelph.ca

Massachusetts Institute 
of Technology (MIT) 
Division of 
Comparative Medicine

Massachusetts Residency, including ACLAM

Mesa College California Associate’s degree program in 
veterinary technology

Metropolitan 
Community College—
Maple Woods

Missouri Associate’s degree in applied 
animal science; veterinary 
technology, 2 year

Michigan State 
University

Michigan Bachelor’s for technologist, 4 year

Norfolk County 
Agricultural High 
School

Massachusetts High school Not accredited; by arrangement with 
local biotechnology companies

North Carolina A&T 
University

North Carolina Bachelor’s and master’s in lab 
animal science

Norwegian Veterinary 
Institute

Norway Courses for researchers and 
technicians

http://oslovet.norecopa.no/dokument 
.aspx?dokument=74 

Pennsylvania State 
University

Pennsylvania Bachelor’s, 4 year; graduate 
program

http://vbs.psu.edu/ and http://
animalscience.psu.edu/

Pierce College Washington Veterinary technology, 2 year

Purdue University Indiana Associate’s and bachelor’s, 
veterinary technology

Bachelor of science includes 
laboratory animal management 
(regulatory issues and facilities 
design/management)

(Continued)
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School Location Program General Comment

State University of New 
York, Delhi

New York 2-year associate’s degree in applied 
science in veterinary technology

www.delhi.edu/academics/majors 
/vet-sci/index.php

Tufts University Massachusetts Combined DVM and lab animal 
master’s

Universitat Autonoma 
de Barcelona

Spain Master of laboratory animal 
science and welfare

http://pagines.uab.cat

University of California, 
Merced

California Academic credit In development

University of Cincinnati Ohio Master’s degree program in 
biomedical research

In development

University of 
Copenhagen

Denmark Postgraduate education for 
designated veterinarians 
according to EU criteria

http://labveteurope .ku.dk/

University of Guelph Canada Certificate in laboratory animal 
medicine

DVM oriented, online course with a 
practical component in Canada,

www.lam-cdn.opened.uoguelph.ca 

University of Guelph, 
Canada

United States Certificate in laboratory animal 
medicine

DVM oriented, in affiliation with the 
University of Guelph, Canada; 
online course with a practical 
component in the United States, 
www.lam.OpenEd.uoguelph.ca 

University of Guelph, 
Canada

Mexico Certificate in laboratory animal 
medicine

DVM oriented, in affiliation with the 
University of Guelph, Canada; 
online course with a practical 
component in Mexico, www.open 
.uoguelph.ca

University of Maryland, 
College Park

Maryland Bachelor of science, laboratory 
animal management, 4 year

Wayne County 
Community College/
Wayne State 
University

Michigan Veterinary technician Joint program to offer the student an 
associate’s degree or a bachelor’s 
degree 

Weill Cornell Medical 
College participates 
with Memorial Sloan 
Kettering Cancer 
Center and Rockefeller 
University

New York Residency program for 
veterinarians

Tri-institutional training program in 
laboratory animal medicine and 
science; NIH supported

Note: This compilation of schools is subject to change and does not include all with a curriculum in lab animal science.

APPENDIX 12.3: PROGRAMS FOR TRAINERS
Learning is an everyday, all-the-time practice. Sometimes the trainer has to go back to school, both 
to learn to train and to learn the subject material. For formalized learning, the lab animal trainer has 
numerous options, including the following.

Association for Talent Development

What has been known as the American Society for Training and Development (ASTD) rebranded 
itself in 2014 to become the Association for Talent Development (ATD), “a professional membership 
organization supporting those who develop the knowledge and skills of employees in organizations 
around the world” (www.td.org). ATD intends to “support the talent development profession by pro-
viding trusted content in the form of research, books, webcasts, events, and education programs.” 
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The association hosts several conferences each year. ATD also offers an internationally recognized 
credential program (Certified Professional in Learning and Performance [CPLP]) that covers the 
entire talent development profession. Eligible candidates must complete both a knowledge and a 
skills application exam (SAE).

Association of Veterinary Technician Educators

The Association of Veterinary Technician Educators (AVTE) was established in 1973 to promote quality 
education in veterinary technology. Focused on motivating and preparing teachers in the classroom for 
“the next generation of professional veterinary technicians” (www.avte.net), there is a mutual pedagogy 
and interest in animal welfare with laboratory animal science. The AVTE maintains a listserv and offers 
a biennial symposium. Related information about veterinary technology can also be found at https://
www.aavsb.org/VTNE.

Colleges and Universities

Many institutions of higher learning offer classes in association with their education or teacher training 
departments for members of the community. Topics like curriculum development, educational technol-
ogy, and educational leadership are among the offerings. It is possible to obtain the bachelor of arts (BA), 
master of education (MEd), doctorate in education (EdD), and philosophy doctorate (PhD) degrees. The 
website www.educationdegree.com has a compilation of more than 20,000 teacher education degree and 
certificate programs. Some programs are offered online.

Laboratory Animal Welfare Training Exchange

Established in 1994, LAWTE has become known internationally for its purpose of training trainers in 
the specific domain of laboratory animal science. The mission statement is clear: “expanding animal 
welfare and enhancing public understanding through effective training and education of animal research 
professionals” (www.lawte.org). LAWTE has had conferences every two years since its inception, pres-
ents on training subjects at other animal meetings, and presents webinars on training topics.

APPENDIX 12.4: RECOGNIZED LABORATORY 
ANIMAL SCIENCE CREDENTIALS
Education and training programs vary around the world. How individuals are recognized for completing 
their training to establish their capabilities and credentials to use laboratory animals in research, testing, 
and teaching also shows great variation. This table is a compilation of the designations, licenses, regis-
trations, registries, certifications, and other institutional or organizational terms used for that purpose. 
It should help the lab animal manager to recognize and confirm the credentials from other regions and 
to find more information. Because programs evolve, omissions are likely.

Organization Credentials Website for More Information

AALAS
American Association for 
Laboratory Animal 
Science

Assistant laboratory animal technician (ALAT)
Laboratory animal technician (LAT)
Laboratory animal technologist (LATG)
Certified Manager of Animal Resources (CMAR)

www.aalas.org/certification

ACAW
American College of 
Animal Welfare

Diplomate, DACAW www.acaw.org

(Continued)
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Organization Credentials Website for More Information

ACLAM
American College of 
Laboratory Animal 
Medicine

Diplomate, DACLAM www.aclam.org/certification 

ANZLAA
Australian and New 
Zealand Laboratory 
Animal Association

There is not a formal credential, but employers 
recognize the diploma of animal technology 
offered by providers of technical and further 
education (TAFE) training

www.anzlaa.org

Argentina Curso sobre diseño experimental y tamaño de la 
muestra en trabajos con animales de laboratorio XI 
edición (Course on experimental design and sample 
size in work with laboratory animals, XI edition)

ASR
Academy of Surgical 
Research

Surgical research anesthetist (SRA)
Surgical research technician (SRT)
Surgical research specialist (SRS)

http://surgicalresearch.org

AVMA
American Veterinary 
Medical Association

22 AVMA-recognized veterinary specialty 
organizations comprising 40 distinct specialties

www.avma.org 
/ProfessionalDevelopment 
/Education/Specialties/Pages 
/default.aspx 

CALAS/ACSAL
Canadian Association for 
Laboratory Animal 
Science

Associate Registered Laboratory Animal Technician 
(ARLAT)

Associate Registered Laboratory Animal Technician 
Administrative (ARLATA)

Registered Laboratory Animal Technician (RLAT)
Registered Master Laboratory Animal Technician 
(RMLAT)

http://calas-acsal.org/registry-exams
www.ccac.ca/en_/assessment 

Chile Recognizes the category C program from FELASA

CVTEA
AVMA Committee on 
Veterinary Technician 
Education and Activities

Accredited veterinary technology programs, more 
than 200 in America:

Animal health technician, AHT
Registered Veterinary Technician, RVT
Licensed Veterinary Technician, LVT
Certified Veterinary Technician, CVT
Note: These programs are not specific to laboratory 
animal science, but do have a required component 
about the discipline

www.avma.org 
/professionaldevelopment 
/education/accreditation/programs 
/pages/cvtea-about.aspx 

FELASA
Federation of European 
Laboratory Animal 
Science Associations

Functions (not the same as categories):
A: Persons caring for animals
B: Persons performing animal experiments
C: Persons responsible for directing animal 
experiments

D: Laboratory animal science specialist
Functions A through D are as defined by EU 
Directive, Article 23, as well as for specialists in 
laboratory animal science in Articles 24–26. These 
are recommendations—at the time of this 
writing—and are subject to change. The research 
institutes of the member countries give courses 
that are aligned in part with the FELASA 
recommendations, as well as country law

www.researchgate.net/publication 
/285582574_FELESA_2015 
_Recommendations_for_the 
_Accreditation_of_Education_and 
_Training_Courses_in_Laboratory 
_Animal_Science

NAVTA
National Association of 
Veterinary Technicians in 
America

See CVTEA www.navta .net/?page=specialties 
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Organization Credentials Website for More Information

PRIM&R
Public Responsibility in 
Medicine and Research

Certified Professional IACUC Administrator 
(CPIA)

www.primr.org/Subpage .aspx?id 
=1587 

United Kingdom Registered Veterinary Nursing Program and 
advanced diploma in veterinary nursing

United Kingdom Home 
Office

Examples of named positions:
Named animal care and welfare officer (NACWO)
Named training and competency officer (NTCO)
Named information officer (NIO)

www.gov.uk/government /uploads 
/system/uploads /attachment_data 
/file/291350 /Guidance_on_the 
_Operation_of _ASPA.pdf 

United Kingdom IAT
Institute of Animal 
Technology

Level 2: Diploma in laboratory animal husbandry
Levels 2–3: Further education diplomas in 
laboratory animal science and technology

Levels 4–6: Higher education (degree-level) diplomas 
in laboratory animal science and technology

Registered Animal Technologist (RAnTech)
Member of the Institute of Animal Technology 
(MIAT)

Fellow of the Institute of Animal Technology (FIAT)

www.iat.org.uk/education
www.iat.org.uk/rantech
www.iat.org.uk /#!qualifications 
/c1zu6

www.iat.org.uk/#!grades/cld3
www.iat.org.uk/#!rantech/c5ni 

United Kingdom Royal 
Society of Biology

Society of Biology (RSciTech) www.rsb.org.uk/careers-and -cpd 
/registers/rscitech 

APPENDIX 12.5: ORGANIZATIONS WITHIN LABORATORY ANIMAL 
SCIENCE OFFERING TRAINING, COURSES, AND MORE
Training is a lifelong journey, and in research we constantly are learning something new. Two terms 
describe this concept for laboratory animal managers: continuous professional development (CPD), often 
used in Europe, and continuing education (CE) or continuing education units (CEUs), accumulated from 
participation in a training event. Various groups in laboratory animal science, including professional 
societies, government agencies, and vendors, provide CPD and CE training. The LAWTE organization 
has designated vendors as CTPers, which stands for commercial training partners (Kennedy 2013), who, 
besides product literature, provide online resources, have trainers on staff, and host webinars to educate 
both generally and specifically on their services, products, and technologies.

By no means could a listing like this be complete, and fortunately for the field, it is ever expanding. This list 
is provided as a start for managers who find themselves needing training resources; from there, it is a journey 
through links. Many of these are based in America, but are connected internationally. It is an indication of the 
network of trainers, teachers, and educators in all disciplines throughout the world. It also demonstrates the 
dedication of both people and organizations to the notion of training in laboratory animal science.

The selection includes organizations that offer training in laboratory animal science that the facility 
manager can consider for staff and personal CPD or CE. Much of the information is quoted directly from 
the organization’s websites, links to which are provided. Besides the websites, many organizations have 
social media accounts associated with Facebook, Twitter, and LinkedIn, which facilitate the exchange of 
information and provide resources for managing all aspects of the laboratory animal facility.

AAALAC International, www.aaalac.org

AAALAC International, formerly known as the Association for Assessment and Accreditation of 
Laboratory Animal Care, is a “private, nonprofit organization that promotes the humane treatment of 
animals in science through voluntary accreditation and assessment programs.” It does so by offering a 
variety of training opportunities throughout the world. These include webinars, presentations at confer-
ences, and the AAALAC International Education and Outreach Program. For its accreditation mandate, 
it works with managers of animal facilities. Through individualized programs, it offers “education and 

www.ebook3000.com

http://www.primr.org
http://www.primr.org
http://www.gov.uk
http://www.gov.uk
http://www.gov.uk
http://www.gov.uk
http://www.iat.org.uk
http://www.iat.org.uk
http://www.iat.org.uk
http://www.iat.org.uk
http://www.iat.org.uk
http://www.iat.org.uk
http://www.rsb.org.uk
http://www.rsb.org.uk
http://www.aaalac.org
http://www.ebook3000.org


255Education and Training

outreach modules designed to provide the information you need to proactively manage animal care and 
use issues in ways that meet AAALAC International standards.”

AALAS, www.aalas.org

Besides supporting the largest conference for laboratory animal personnel in the world, the American 
Association for Laboratory Animal Science (AALAS) provides many options for training, including the 
AALAS Learning Library (ALL 2016); the Institute for Laboratory Animal Management (AALAS 2016c); 
several listservs (AALAS 2016d), including TechLink, CompMed, and the IACUC Forum; manuals for 
the certification examinations for ALAT, LAT, and LATG; webinars; and educational resources, including 
audiovisual aids. Products are available at https://www.aalas.org/education /educational-resources.

Additionally, local branches (chapters) of AALAS produce training products for use by their members. 
Modeled for the AALAS technician certification exams, they are varied in their approach to training, 
being online, scheduled group sessions, developed with the aid of curriculum designers; self-paced, with 
and without assignments; mentored by experienced technicians and managers; and more. Participation 
can be used for the AALAS Registry Program.

ACLAM, www.aclam.org

The goals of the American College of Laboratory Animal Medicine (ACLAM) are today as when defined 
in 1958: “to encourage education, training and research in laboratory animal medicine; to establish stan-
dards of training and experience for qualification of specialists in laboratory animal medicine; and to fur-
ther the recognition of such qualified specialists by suitable certification and other means.” The members of 
ACLAM produce textbooks and educational materials. The college promotes the training of veterinarians 
to become board certified in laboratory animal medicine, known by the designation of diplomate.

APV, www.primatevets.org

The Association of Primate Veterinarians (APV) focuses on education and training for those working 
with nonhuman primates (NHPs). Each year, the APV meets prior to the AALAS conference to discuss 
matters concerned with the management of NHPs. It is not restricted to veterinarians. The APV website 
provides training materials from its past meetings and many links for other sources of NHP information.

CALAS/ACSAL, www.calas-acsal.org

The Canadian Association for Laboratory Animal Science (CALAS)/Association Canadienne pour 
la Science des Animaux de Laboratoire (ACSAL) is “a national association dedicated to providing 
high quality training and educational resources to animal care professionals across Canada. We 
believe animal research, when necessary, must be conducted professionally, ethically and compas-
sionately.” CALAS/ACSAL has training and certification programs that are voluntary and support 
the veterinary group.

CCAC, www.ccac.ca

The Canadian Council on Animal Care (CCAC) (Conseil Canadien de Protection des Animaux), often 
working with CALAS, offers web-based seminars, training modules, workshops, and other educational 
materials in both English and French. The CCAC develops different educational and reference materials 
to support the specialized training needs of all animal users (including investigators, graduate students, 
postdoctoral fellows, and research staff), animal health professionals, animal care committee members, 
and institutional officials (senior administrators) directly responsible for animal care and use programs. 
CCAC’s guidelines can be found at www.ccac.ca/Documents/Standards/Guidelines /CCAC_Guidelines 
_on_Training_of_Personnel_Working_With_Animals_in_Science.pdf.
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CITI, www.citiprogram.org

The Collaborative Institutional Training Initiative (CITI) provides a subscription service of online 
training modules, available 24/7, in many languages, maintaining a database of learners and e-mail 
transcripts. The CITI mission statement is “to promote the public’s trust in the research enterprise by 
providing high quality, peer reviewed, web based, research education materials to enhance the integ-
rity and professionalism of investigators and staff conducting research.” The curriculum includes many 
disciplines pertaining to training persons for work in an animal facility: Animal Care and Use (ACU), 
Biosafety and Biosecurity (BSS), Export Control (EC), Good Clinical Practice (GCP), Human Subjects 
Research (HSR), Information Privacy and Security (IPS), and Responsible Conduct of Research (RCR), 
including the Conflicts of Interest (COI) course. As taken from the CITI website, “the ACU materials 
cover general principles of ethical care and use of animals in research, training, and testing, as well 
as focusing on the care and use of particular animals. Content is designed to meet U.S. Department of 
Agriculture (USDA) and Office of Laboratory Animal Welfare (OLAW) requirements for basic training 
in the humane care and use of animals.”

CLATR, www.clatr.org

The Committee for Laboratory Animal Training and Research (CLATR) (formerly known as ACLAD) 
is an organization that was created to aide laboratory animal and comparative medicine trainee career 
development by providing research mentorship and networking opportunities, facilitating sharing of 
training resources among training programs, and promoting interactions of trainee-focused committees 
of national organizations.

CRL, www.criver.com/customer-service/education-training/educations

Charles River Laboratories (CRL) “hosts frequent courses, seminars, and symposiums dedicated to 
advancing attendees’ knowledge of their respective fields” around the world. CRL is well known for 
its annual short course held in the Boston area, which covers both contemporary and traditional animal 
issues in its curriculum, designed for all position levels in the facility, including the facility manager. It 
also issues booklets, posters, and other training, much of it free of charge.

ETPLAS, http://etplas.eu

The Education and Training Platform for Laboratory Animal Science (ETPLAS), or simply The 
Platform, provides “a forum for exchanging information on laboratory animal science education and 
training therefore helping to establish mutually recognised training courses. Successful completion of 
such a harmonised course enables working with laboratory animals and promotes free movement of 
competent personnel in the EU.” It started in 2015 with its information exchange.

FBR, http://fbresearch.org

“Established in 1981, the Foundation for Biomedical Research (FBR) is the nation’s oldest and largest organi-
zation dedicated to improving human and animal health by promoting public understanding and support for 
humane and responsible animal research.” FBR does not directly host conferences or issue credentials, but its 
frequent posts and e-mail are a source of information useful for training on a broad number of subjects, from 
animal models to regulations. Managers and trainers can subscribe and share awareness about laboratory 
animal research, testing, and teaching beyond what otherwise might be provided.

FGB, www.fondazioneguidobernardini.org/en/foundation/aboutus.aspx

The Fondazione Guido Bernardini (FGB) was established in 2009 in Milano, Italy, as an independent, non-
profit organization in memory of Guido Bernardini. “FGB is devoted to continuing education and training 
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of professionals involved in the care, welfare and use of laboratory animals; the overall mission is to support 
the humane and responsible use of animals in science and to promote the quality of biomedical research by 
encouraging high standards of knowledge and competence in scientific and technical staff.”

FLAIRE Learning, https://flairelearning.com

This website was developed by Professor Paul Flecknell and colleagues at Newcastle University. It 
focuses on training in anesthesia, pain, and distress. Much of the curriculum is aligned with the learning 
objectives of the European Union and is offered gratis.

Humane Endpoints, www.humane-endpoints.info/en

The Humane Endpoints website helps scientists identify humane endpoints in rodents. The website offers 
pictures, videos, and training modules, which can be used in training programs for CPD.

IAT, www.iat.org.uk

Started in 1949, but officially recognized a year later, the Institute of Animal Technology (IAT) in the 
United Kingdom is the oldest laboratory animal science professional society (Kennedy 2015). As stated 
at its website, “the IAT’s purpose is to advance knowledge and promote excellence in the care and 
welfare of animals in science and to enhance the standards and status of those professionally engaged 
in the care, welfare and use of animals in science.” The IAT is internationally regarded for its training 
programs for animal care personnel, which offers many levels of credentials (see Appendix 12.4), and its 
annual congress. Its website is also rich with educational and welfare materials.

iCARE Project, https://grants.nih.gov/grants/olaw/interagency_icare.htm, 
www.primr.org/icare

In 2017, the NIH, in partnership with PRIM&R and others, developed the Interagency Collaborative 
Animal Research Education (iCARE) Project and began offering Train the Trainers Institute (TTI) pro-
grams. The objective of iCARE is to use active learning pedagogy to train IACUC members and institu-
tional and animal program personnel to meet their responsibilities for animal welfare oversight.

ICLAS, http://iclas.org

The mission of the International Council for Laboratory Animal Science (ICLAS) education commit-
tee is to promote and harmonize education and training in laboratory animal science, particularly in 
regions of the world where such opportunities are lacking or few. Among the council’s goals relating 
to laboratory animal management and training are to assess needs of ICLAS members with regard to 
education and training; provide assistance to regions for setting up training and certification programs 
for laboratory animal care staff, research staff, veterinary staff, and laboratory animal specialists; and 
decide what role the education committee should play in promoting public education and understanding 
of laboratory animal science.

ILAM, www.aalas.org/education/ilam

Founded in 1991 by LAMA in cooperation with AALAS, the Institute for Laboratory Animal 
Management (ILAM) is now supported by AALAS. The focus and emphasis is on both historical and 
emerging issues in laboratory animal management. ILAM is an “educational program developed to pro-
vide instruction in management concepts that is applicable to the laboratory animal science industry and 
to enhance communication, team building, and networking among colleagues with mutual interests.” 
ILAM is a 2-year program conducted in Memphis, Tennessee, with classes of about 50 students network-
ing and learning from knowledgeable persons in their disciplines.
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JAX, www.jax.org/education-and-learning

The Jackson (JAX) Laboratory not only is a provider of thousands of different kinds of genetically engi-
neered mice, but also has a mission to teach. The opening page for training on its website is very telling: 
“Education and Learning. From high school summer programs to conferences that further the education 
of practicing scientists and professionals, we advance science and improve health through our commit-
ment to education.” The JAX Lab offers webinars, training workshops, conferences at its laboratories 
and research institutions, on-demand teaching materials, and more.

LAMA, www.lama-online.org

The Laboratory Animal Management Association (LAMA) is recognized as the premier organization 
to provide training on managing laboratory animal facilities. “LAMA is an association dedicated to 
advancing the quality of management and care of laboratory animals throughout the world. Since its 
establishment in 1984, LAMA has grown to over 700 members residing in geographical locations as 
widespread as Asia, Australia, Europe and Canada. The membership continues an active role in AALAS 
and the career field by providing leadership to numerous committees and organizations on local, state 
and national levels.”

LAWTE, www.lawte.org

The Laboratory Animal Welfare Training Exchange is the consummate organization for materials 
related to training in laboratory animal science in general. The association offers a listserv, which is 
maintained by AALAS. The website has an archive of training materials for members. Its members are 
international (in 2015, a dozen countries were represented), and they host a biennial conference.

NAS, www.nasonline.org

The National Academy of Sciences (NAS) was founded in 1863 to support science. Today, the three 
academies for science, engineering, and medicine address pressing issues of society and “solve complex 
problems and inform public policy decisions,” many of which concern the work of animal research 
facilities, for example, pain and distress, occupational health, and the compilation of the Guide. Through 
workshops, publications, and conferences, the teaching mission of the NAS is reflected in this sentence 
quoted from the mission statement: “[the] Academies also encourage education and research, recognize 
outstanding contributions to knowledge, and increase public understanding in matters of science, engi-
neering, and medicine.”

NAVTA, www.navta.net

The National Association of Veterinary Technicians in America (NAVTA) represents veterinary techni-
cians and assistants in all disciplines of veterinary health care, many of whom work in laboratory animal 
science as well. Specifically, NAVTA has partnered with the Society of Laboratory Animal Veterinary 
Technicians (www.slavt.net) “to develop a network of professional veterinary technicians dedicated to 
the advancement of responsible and humane laboratory animal care and use to benefit humans and ani-
mals, to exchange information and expertise in the care and use of laboratory animals and to advance by 
actively seeking continuing education opportunities for the members.” Several CE resources are main-
tained in a tab on the NAVTA website.

NC3RS, www.nc3rs.org.uk

The NC3Rs is a UK-based scientific organization dedicated to replacing, refining, and reducing the use 
of animals in research and testing (the 3Rs). Various “projects aim to provide training through web-
based tutorials and other resources on best practice in the refinement of animal experiments.”
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NIH/OLAW, http://grants.nih.gov/grants/olaw/educational_resources.htm

While the U.S. federal Office of Laboratory Animal Welfare is primarily regarded for its role in monitor-
ing compliance with PHS policy in “assured” institutions, it does so because of the educational programs 
that it supports and provides to the global laboratory animal science community to ensure the humane 
care and use of animals. The website is an information-rich resource for both managers and trainers to 
facilitate training, which includes regional workshops, societal conferences, online seminars, archives 
of presentations, and more.

NORINA, www.oslovet.norecopa.no/NORINA

The Norwegian Inventory of Alternatives (NORINA) is an English language database of more than 
3500 audiovisual aids useful as alternatives or supplements in education and training. It is affiliated with 
Norecopa, which is Norway’s National Consensus Platform for the advancement of the 3Rs. Norecopa 
was founded in 2007.

PRIM&R, www.primr.org

Public Responsibility in Medicine and Research (PRIM&R) offers conferences, webinars, regional meet-
ings, and archives of training materials. Since 2007, PRIM&R has maintained the CPIA program. The 
organization’s mission statement is to “advance the highest ethical standards in the conduct of biomedi-
cal, behavioral, and social science research. We accomplish this mission through education, membership 
services, professional certification, public policy initiatives, and community building.”

Purina LabDiet, www.labdiet.com

Purina offers the PMI LabDiet Laboratory Animal Care Course, which was inaugurated circa 1960 to 
provide an introduction to the laboratory animal field. It is a correspondence course designed for entry-
level technicians and valuable for anyone new to laboratory animal science and wishing to progress to 
AALAS certification. The course is offered in the classic print form or in a new interactive online form. 
A certificate of completion is provided.

SCAW, www.scaw.com

The Scientist Center for Animal Welfare (SCAW) supports training objectives through conferences and 
educational materials at its website and regional conferences around the United States. “By addressing 
animal research challenges directly through education and training, SCAW serves to facilitate open dis-
cussion and helps craft solutions as well as promote best practices. Through its outreach to the broader 
research community, SCAW demonstrates its commitment to excellence in animal care and science.”

SLAVT, http://slavt.net

Training managers can support the education of their facility veterinary technicians through the Society 
of Laboratory Animal Veterinary Technicians (SLAVT). “The Society of Laboratory Animal Veterinary 
Technicians is an emerging group focused on national recognition through training and certification for 
veterinary technicians in the field of laboratory animal medicine.” It holds meetings in conjunction with 
AALAS and its branches.

USDA/APHIS, www.aphis.usda.gov/wps/portal/aphis/ourfocus/animalwelfare

The Animal Care division of the U.S. Department of Agriculture/Animal and Plant Health Inspection 
Service (USDA/APHIS) is responsible for upholding and enforcing the Animal Welfare Act. 
Representatives frequently participate in conferences with AALAS, National Institutes of Health (NIH)/
OLAW, AAALAC International, PRIM&R, and other organizations concerned with the training of 
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animal care providers. The experience and training of individuals engaged with animals must be docu-
mented in applications proposed for their use in research, testing, and training.

The Animal Welfare Information Center (AWIC) within USDA (https://awic.nal.usda.gov/about-awic) 
was established in 1985 to provide “information products, services, and activities to help the regulated 
community with employee training” related to animal use. It participates in several outreach services 
available to facility managers, including “conducting workshops both at [the National Agricultural 
Library] and outside facilities for researchers concerned with meeting the requirements of the AWA, 
exhibiting at animal-related scientific meetings, giving presentations on AWA-related topics, and pub-
lishing the Bulletin.”

Various Biomedical Advocacy Groups

States United for Biomedical Research (SUBR) (www.statesforbiomed.org) is “the network of nonprofit 
associations who have joined forces to promote health through science and education.” Across the United 
States (see their website for the coverage), they promote science education and provide regional con-
ferences about laboratory animal science, often associated with AALAS branch meetings. The topics 
vary; for example, the Massachusetts Society for Medical Research (MSMR) (www.msmr.org) offers an 
online course for the unaffiliated member of the animal care and use committee. The California Society 
for Biomedical Research (CSBR) (www.ca-biomed.org/csbr) works with the state legislature and writes 
science curriculum. Other states and associations are represented in the graphic available at http://states 
forbiomed.org/about-us/members-funders.

Journals

Several journals publish articles on topics related to training and the management of training. The fol-
lowing are representative:

• Animal Lab News (www.alnmag.com), including the “Tools for Training” column

• Animal Technology and Welfare (www.iat.org.uk), the official journal of the IAT and European 
Federation of Animal Technologists

• ILAR Journal (http://ilarjournal.oxfordjournals.org/)

• Journal of the American Association for Laboratory Animal Science (JAALAS) and 
Laboratory Animal Science Professional (LAS Pro) (www.aalas.org)

• Journal of Veterinary Medical Education (http://jvme.utpjournals.press)

• Lab Animal (American and European editions) (www.labanimal.com), including the “Fruits of 
Education” column

• Laboratory Animals (Sage Publications) (http://lan.sagepub.com), the official journal for sev-
eral laboratory animal societies, including the following:

• AFSTAL (Association Française des Sciences et Techniques de l’Animal de Laboratoire)

• ESLAV (European Society of Laboratory Animal Veterinarians)

• FELASA (Federation of European Laboratory Animal Science Associations)

• GV-SOLAS (Gesellschaft für Versuchstierkunde)

• ILAF (Israeli Laboratory Animal Forum)

• LASA (Laboratory Animal Science Association)

• NVP (Nederlandse Vereniging voor Proefdierkunde)

• SECAL (Sociedad Española para las Ciencias del Animal de Laboratorio)

• SGV (Schweizerische Gesellschaft für Versuchstierkunde)

• SPCAL (Sociedade Portuguese de Cièncias em Animas de Laboratório)

• Scandinavian Journal of Laboratory Animal Science (http://sjlas.org/index.php/SJLAS)
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Additional Training Groups

There are many organizations and societies throughout the world with an interest in training personnel 
who work with animals in some capacity, whether research, teaching, zoo, wildlife, welfare, alternatives, 
managing, or another environment. Regardless of the language, the words education and training stand 
out. A few are listed here to be representative.

• Academy of Surgical Research (ASR), http://surgicalresearch.org

• Alternatives to Laboratory Animals (ATLA), www.atla.org.uk

• Asian Federation of Laboratory Animal Science Associations (AFLAS), www.aflas -office.org

• Association of Zoos and Aquariums (AZA), www.aza.org

• Australian and New Zealand Laboratory Animal Association (ANZLAA), www.anzlaa .org

• Belgian Council for Laboratory Animal Science (BCLAS), www.bclas.org

• Center for Alternatives to Animal Testing (CAAT), http://caat.jhsph.edu/about/index.html

• French Association of Animal Science and Technology Laboratory (AFSTAL), L’Association 
Française des Sciences et Techniques de l’Animal de Laboratoire, www.afstal.com

• [German] Society of Laboratory Animals (GV-SOLAS), Die Gesellschaft für Versuchstierkunde, 
www.vtk-online.de

• Italian Association for Laboratory Animal Science (AISAL), Associazione Italiana per le 
Scienze degli Animali da Laboratorio, www.aisal.org

• Japanese Association for Laboratory Animal Science (JALAS), http://www.jalas.jp/english 
/en_about_jalas.html

• SCANBUR Academy, www.scanbur.com/academy; courses are available for animal techni-
cians, researchers, veterinarians, facility managers, and others employed in laboratory animal 
science

• Singapore Association for Laboratory Animal Science (SALAS), www.salas.sg/v1

• Sociedad Española para las Ciencias del Animal de Laboratorio (SECAL), http://secal.es

• Swiss Laboratory Animal Science Association (SGV), Schweizerische Gesellschaft für 
Versuchstierkunde, www.naturalsciences.ch/organisations/sgv/education_commitee

• Zebrafish Husbandry Association, www.zhaonline.org
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13
Fiscal Management

Stephen J. Pomeroy and Theodore Plemons

Introduction

A sound financial footing is essential for a well-run animal care program, and it is important that pro-
gram directors and managers have a working knowledge of program finances. Animal care programs 
are being forced to do more with less while operational expenses continue to climb or remain flat at 
best. Given this new reality, informed and relentless financial management is more important than ever 
to ensure that programs meet their various stakeholders’ needs. Innovative programs are adapting a 
proactive budgeting and tracking process in which every cost is challenged with the intent to reduce or 
eliminate it eventually, and embedding this process in a general management culture that is committed to 
unyielding continuous improvement through eliminating unnecessary work while providing researchers 
and animals with faster, better, cheaper, safer services.

Effective and inventive fiscal management is of interest to many other laboratory animal constituen-
cies, including

• The parent organization, be it a university, governmental agency, or company looking for a 
quality program whose cost is reasonable and competitive. In addition, internal institutional 
groups (internal audit, budget offices, etc.) evaluate whether the program is fiscally sound.

• Researchers want a well-run program that is affordable. Most universities and some private com-
panies charge daily housing (also known as per diems) and other fees—researchers pay attention 
to these rates and “comparison shop”—often without appreciating that variances between insti-
tutions’ per diem rates are due to differential institutional subsidies rather than operating costs. 
Daily housing fees may not be as prevalent at governmental agencies or companies, but research-
ers still want to ensure that the animal care program provides necessary resources.

  Attractive wages and employee benefits are critical to maintaining animal care program 
staff. It is also important that fiscal managers embrace change and prepare for constant 
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improvement and updating of resources needed by the animal program staff, such as supplies, 
equipment, and repairs and renovations.

• Funding agencies, such as the National Institutes of Health (NIH) and foundations, require 
the animal care program to properly charge expenses according to funding agency guidelines. 
Billing rates should be based on actual costs.

• Inspection and accrediting agencies (e.g., the U.S. Department of Agriculture [USDA] and 
Association for Assessment and Accreditation of Laboratory Animal Care [AAALAC]), 
although not interested in program finances, focus on whether necessary staffing, equipment, 
repairs and renovations, and so forth, have been funded and provided. These agencies help 
assure private and funding sources that animal use is justified and humane, and can have a 
favorable impact on an investigator’s proposal review. It is critical that animal program man-
agement ensure adequate financial resources to support these needs.

Sound financial management should tell the financial story in clear terms. It should meet the needs and 
format of the institution being served, and include acceptable accounting practices, sound budget plan-
ning, and frequent monitoring and adjustments. It should constantly examine practices and expenses, 
striving to reduce or eliminate wasteful spending and practices. It is very important to remember that 
unlike most supplies and services used by the investigators, animal care and maintenance is usually a 
monopoly and therefore will be viewed critically. The more transparent and fiscally sound the account-
ing practices, the easier it will be for the manager to tell the program’s story.

Financial management comprises four processes: planning, budgeting, monitoring, and cost accounting 
(Alford 2001). Each of the four steps should be performed on a regular (monthly is recommended) basis 
for both short-term and long-term management. To ignore any steps truly jeopardizes fiscal management 
in any organization.

Program Planning

The planning process is the prequel to populating budgets with figures and is the opportunity for animal 
facility management to express their vision and plan for the future. At this juncture, program managers 
should strategize where the program should head, receiving input from investigators, program staff, and 
administration. Decisions should be made as to predicted animal populations, services to be added or 
eliminated, staffing needs, technical service levels to be delivered, and so forth. It is particularly impor-
tant to have historical data available to make sure any projections and forecasts have a solid foundation. 
Animal population trends, revenue by various sources, technical services provided, expense details, and 
so forth, should be accessible for multiple years. If past spending involved wrong or wasteful expenses, 
the related historical data and methodology must be scrutinized heavily and modified. Questions to be 
answered about the upcoming year include

• What are the organization’s purposes, goals, and objectives?

• What should the organization be doing in the next and future years?

• What core activities are essential?

• Were there instances of previous spending that proved wrong or wasteful, and if so, was the 
historical data it was based on wrong?

• What additional programs might be taken on if cost were not an object?

• What one-time expenditures might be considered, such as upgrading equipment, improving 
physical plant, or reducing operational expenses?

• What peer programs are attractive for comparison, and how does your program compare with 
these organizations? Is there benchmarking information to evaluate, and is that data applicable 
to my program?
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Input and involvement from as many stakeholders as possible should be solicited to understand true 
needs and problems, as a wide variety of information and input help planners make better decisions 
(National Research Council 2000).

Budgeting

The budgeting process should always be related to the planning process noted above. Planning for the 
future requires a clear sense of available resources. Conversely, sensible budgets and financial plans 
cannot be put together without knowing the direction the organization will take in the future. Simply 
allocating money is not enough. Instead, proper and strategic use of resources is key to budgeting.

Simply put, budgeting is predicting how much it will cost to carry out the activities identified in the 
planning process after the requisite details are compiled. The budget is completed after negotiations with 
the parent organization and approval. Most animal programs will utilize the budgeting mechanisms of 
the parent organization’s financial systems to develop and track budgeting information. In some cases, 
these systems may not be detailed enough, especially for monitoring multiple categories of expenses, 
and the program may have to augment the financial system output to further categorize and monitor 
expenses. This level of detail should help program financial managers. On the other hand, financial man-
agers should strive to simplify financial output for easier sharing and understanding within the program.

The animal program should be tailored to a structure that best tells its financial story in clear terms 
and logically tracks expenses and revenues. Examples of possible structures and budget formatting deci-
sions to be considered are

• Individual financial statements or budgets arranged by program or function (i.e., a large animal 
program could create a separate budget covering all barrier rodents, another for all large ani-
mals, still another for veterinary technical services, etc.).

• Financial statements or budgets established for each animal facility on campus.

• Level of expense and revenue detail for each budget. For instance, is a budget line for supplies 
sufficient, or should supplies be tracked further to include cleaning supplies, personal protec-
tive equipment (PPE), feed, bedding, and so forth? More detail is always better if one wants to 
understand where the money is going and is motivated to reduce or eliminate costs.

• Budgeting capital equipment purchases (e.g., equipment whose acquisition cost is $5000 or 
greater). Capital acquisitions will typically be addressed in a capital budget, separate from the 
operating budget, that projects and programs for large expenditures over a multiyear period. 
Capital purchases should always be accompanied by a justification as, well as a return on 
investment (ROI) whenever possible. In addition, it is a display of good management when big-
ticket items are prioritized strategically.

• An amortization process should be considered for capital purchases. Amortization in the sim-
ple form basically refers to (1) depreciating the purchase cost of capital items over time and 
(2) charging the program’s operating budget the annual depreciation cost for the capital items 
and transferring those funds to an amortization fund. For example, 20 years ago ABC Animal 
Facility purchased a cage wash machine for $100,000. ABC estimates that the machine had a 
useful life of 20 years, so it transferred $5000 annually from operating expenses to its amor-
tization account for the past 20 years. ABC had an epic cage wash failure and the cage wash 
needs to be replaced. Through the use of the amortization process, ABC has the funding avail-
able to purchase its next cage wash. Depreciation periods are often shorter than the expected 
lifetime of items, often in the 5- to 10-year time frame.

The organization’s financial system must have sufficient flexibility to track according to desired cat-
egories. In many cases, the budgeting process will be incremental, that is, relies heavily on information 
contained in the previous year’s actual expenses and income, with some adjustments. Some organiza-
tions utilize a zero-based budgeting approach, which requires each program and line item of a budget 
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to be calculated anew. Staff members are told that any item in the budget will be zero unless they can 
provide a full justification for a new budget figure. Zero-based budgeting represents a proactive budget-
ing and tracking process in which every cost is challenged and works well with a general management 
culture that is committed to unyielding continuous improvement through eliminating unnecessary work 
and relentless financial management. Zero-based budgeting requires a different mind-set than traditional 
budgeting methodology, but it can be a more useful tool during times of doing more with less, providing 
a more innovative and exacting analysis.

Once the budget framework has been finalized, it is time to populate the budget based on projections 
made in the planning process. Salary and nonpersonnel expenses will be entered into the budgeting tool 
(usually provided by your organization) according to the various budget tracking categories the animal 
program management has agreed upon. Estimates should be made of predicted revenues based on activ-
ity levels (animal census, technical services provided, etc.) produced in the planning process. In many 
instances, the parent organization may provide budget subsidies and the subsidies may be applied equally 
across the entire program or may be allocated appropriately with guidance from the institution.

Pharmaceutical, other for-profit companies, and government facilities will typically utilize an annual 
budget that is developed and approved based on projected costs without recapturing any charges to inves-
tigators. Examples of annual costs that should be considered are

• Animal facility staffing, to include full-time employees (FTEs) and/or contractors (note that 
when dealing with staffing costs, do not forget to include fringe benefits)

• Training costs associated with new staff, as well as continual learning activities for existing 
employees

• Space, utilities, and other infrastructure charges

• Food, bedding, and supplies

• Sentinel programs

• Veterinary care

• Dedicated facility space and administrative costs assessed by the parent institution

• Animal facility-related equipment and preventive maintenance agreements, as well as contin-
gencies for repairs

New programs will be especially challenging to estimate, as there is little historical data and many 
unknowns. The tendency is to underestimate costs and overstate revenues, but an accurate approximation 
should be attempted with a caveat regarding the circumstances of the estimate. Budget writers should 
also be sure to anticipate the cost that new programs will have on core staff, supervision, space, and 
equipment.

Once all expenses and revenues are entered, it is time to evaluate the bottom line of the various bud-
gets. Are they acceptable, or do they need adjustment? Do projected expenses and revenues echo the 
organization’s purposes, goals, and objectives? Are the planned activities central to the organization? 
Do they help the organization 1–5 years down the road? Comparing the estimated expenses with the 
estimated income is usually very revealing. It may be clear in the process that some activities will have 
to be given up if the projected budget does not balance. In fact, if management discovers that income is 
adequate to cover all expenditures (less institutional subsidies) at this point in the budgeting process, per-
haps the organization is not reaching far enough or being ambitious enough in its planning. Alternatively, 
any excess income could be applied to lower per diem rates.

Adjustments may be needed to bring budgets into expectations, particularly the expectancies of the parent 
organization. For instance, the parent organization may have provided a subsidy amount for the new fiscal 
year, but the animal program’s preliminary budget shows a need for a greater subsidy. The animal program 
then has the options of making the case for a greater subsidy, reexamining revenues and expenses to 
reduce the animal program budget, or increasing rates to reduce the deficit. Rate increases can certainly 
help close the deficit, but the animal program management team must be sure that users can absorb such 
an increase. Rate increases that are too precipitous can reduce utilization and actually increase deficits. 
Negotiations among the animal program management team could help clarify and lead to adjustments 
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that serve all. It is essential that all parties agree to the final budget, including the parent organization, 
researchers, and animal program management staff.

Monitoring

The budget monitoring process is just as critical as the budget development phase. As the fiscal year 
progresses, timely budget reports should be shared and reviewed by all stakeholders. How do actual 
expenses and revenues compare to what was predicted? Are there problem areas that stand out and need 
to be modified? The animal care program management team should feel ownership of the budget and 
be willing to monitor and react to issues. Potential overages should be evaluated as to root causes, and 
affected parties should work on resolutions. Above all, upper administration should be aware of any 
issues and planned responses as soon as possible.

Special Topic: Budget Cuts and Shortfalls

As financial times have gotten harder, institutions have taken steps that impact the animal care program. 
Most animal care programs have been asked to do more with less, particularly in response to the Great 
Recession of 2008. Many animal care programs have seen subsidies provided by the parent organization 
decreased, and have been asked to increase their animal housing charges, as well as other fees, to help 
offset costs. However, animal programs have to be very careful in increasing rates, as researchers also 
have been hit by static grant budgets, and cannot absorb increases easily. Per diem increases that are too 
drastic may lead to decreased animal populations and may start a downward program slide. Any reaction 
to budget cuts or shortfalls should be carefully thought through. A recent study by Baker and Kearney 
analyzed whether increasing per diem charges had a negative effect on animal census. Utilizing tech-
niques from econometrics, a field of economics that applies mathematical and statistical methods to eco-
nomic data, they found a correlation between higher per diem prices and decreased census, particularly 
for large animals. The authors caution that their analysis is preliminary, but their use of econometrics 
is a first for the laboratory animal field and hopefully will encourage programs to carry out more robust 
studies of other economic questions facing laboratory animal research (Baker and Kearney 2015).

In reaction to budget cuts of shortfalls, animal program management should go back to the planning 
process and review key elements: What are the organization’s purposes, goals, and objectives? What 
should the organization be doing in the next and future years? What core activities are essential?

Answering these questions may help identify nonessential activities that could be curtailed or elimi-
nated. Creative approaches can help reduce expenses. For instance, sharing program responsibilities 
between functional areas may reduce salary and other expenses. Recruitment for vacant positions can be 
suspended and functions absorbed by existing employees. Nonessential purchases can be delayed, and 
the animal program can continually evaluate approaches to improve operational efficiencies within the 
facility that will not compromise research programs. These may include streamlining animal husbandry 
procedures or changing types or sources of animal feed, bedding, and supplies, or reevaluating the 
animal program’s PPE policies. Marketing of services to researchers may increase revenues. Involving 
a representative animal program core in decision making during difficult fiscal times may help mitigate 
the pain and create buy-in to the steps taken.

Cost Accounting

Budget planning, development, and monitoring are the financial processes that guide the operation of 
the animal care program for a defined period of time. Another financial process, cost accounting or cost 
analysis, analyzes the animal program’s budget details to determine accurate and defensible charges for 
services provided by the program. A cost accounting accumulates and evaluates actual expenses for a 
completed fiscal year, categorizing and matching expenses to the type of service or activity provided. A 
cost accounting represents an effort to set reasonable rates for such activities as animal housing, technical 
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services, and other charges based on those actual expenses. In addition, this exercise is required for insti-
tutions that receive federal funds, with a prescribed methodology for assigning and calculating those 
costs. The organization’s accounting system logs, classifies, and summarizes the financial activity of 
the animal care program. The cost analysis manipulates this historical information from the account-
ing system, allocating expenses to cost centers and arriving at a per item cost for providing services to 
researchers (Silverman 2009).

Cost accounting activities for an animal program are guided by the following principles:

• Billing rates must be based on actual animal program costs.

• Billing rates for identifiable services that involve significant activities of the animal care pro-
gram must be established.

• Billing units should logically represent the service provided.

• All rates and the overall animal program should be operated as closely as possible to a “break-
even” basis. Adjustments should be made to compensate for surpluses or deficits (variances).

• All costs associated with providing an animal service should be included in the total cost of 
each service.

• The costs must be treated consistently as either direct or support costs.

• The assignment of costs to cost centers and the allocation of support costs to direct cost centers 
should be based on beneficial relationships.

• Animal programs cannot charge a “profit” to federal programs; that is, they cannot continually 
charge more for services than the cost to provide.

• All users should be charged consistently at full rates (or the revenue should be imputed).

• Revenue and costs should be compared at least annually to identify surpluses and deficits for 
each service.

Federal guidelines do not require the animal program to break even each year as long as overall adjust-
ments are made to maintain rates as close to costs as possible, and an institution can subsidize rates; that 
is, it can use institutional funds to lower rates below actual costs.

Cost accounting is especially relevant to those institutions receiving federal funds for research involv-
ing animals, as these institutions are required to perform a periodic cost analysis of their animal pro-
gram. A document published in 2000 by the NIH, the “Cost Analysis and Rate Setting Manual for 
Animal Research Facilities,” provides guidance to animal programs for carrying out such a cost account-
ing and determining reasonable rates to charge researchers for services. Note that such rates are subject 
to federal audit if federal grants or contracts are involved. Therefore, close collaboration between an 
institution’s animal program and it grants and contracts office is encouraged to make sure all intramural 
parties are involved in setting and assessing those rates.

A key component of the cost analysis process is the cost center, which is defined as identified activ-
ity areas to which expenses are allocated. Cost centers can be direct activities that are chargeable to 
researchers (barrier mouse cage per diem, veterinary technical services, etc.) or indirect support activi-
ties, such as cage wash, animal health care, and feed and bedding. Both personnel and nonpersonnel 
expenses should be carefully evaluated for proper allocation to the appropriate cost center.

The effort survey asks staff to track their activities for a period of time during the fiscal year to identify 
which cost centers their efforts are devoted to, that is, which species they perform animal husbandry 
activities for, when they provide animal health care, when they devote time to administrative tasks, and 
so forth. This provides a snapshot of personnel activity in the cost accounting process and allows person-
nel expenses to be allocated to the various cost centers. Ideally, the animal care program should sample 
employee efforts multiple times during the fiscal year so that a true picture of staff effort is recorded. 
Effort surveys can be administered in many ways; an employee can keep track of effort by a simple paper 
worksheet, or the animal program may develop an online application easily accessible to all employees. 
Whatever the method, the intent is to understand where employee effort is devoted and use the results to 
rationally allocate personnel expenses to the correct cost center.
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Nonpersonnel expenses for the fiscal year in question must also be allocated to the identified cost 
centers. Ideally, the animal program’s financial system permits the categorization of expenses when the 
cost is incurred. Otherwise, someone will have to go through all expenses retrospectively and categorize 
them under the appropriate cost center, which can be a time-consuming effort.

An alternative cost analysis approach may be more appropriate if the program is engaged in con-
tinuous improvement of its operations in order to identify and eliminate unnecessary activities and 
expenses while improving quality. In such programs, staff activities may change, perhaps even sev-
eral times in the same year, as efficiencies are realized in some tasks while additional time and 
emphasis are assigned to others, like more staff training or the introduction of a new animal species. 
Consequently, time-and-motion or other activity studies, such as how many cages each technician 
changes or washes on average every day, are less reliable for consistent costing because they may not 
be performed in a consistent manner. In this case, programs divide annual cost category totals by the 
expected census for each animal unit (e.g., mouse cage) to arrive at a per diem rate for each species 
and husbandry scenario.

One challenging area of expenses, particularly for university-based and government animal pro-
grams, is indirect costs. Indirect costs are identified as those costs incurred for common or joint 
purposes that cannot be specifically associated with an activity. Indirect costs usually refer to central 
overhead expenses incurred by the parent organization, and include utilities, central administrative 
offices (human resources, procurement, etc.), and building maintenance. Organizations receiving fed-
eral funds are reimbursed for these indirect, or facilities and administrative (F&A) costs, in addition 
to direct reimbursement for awarded grants. It is important that the animal program follow its organi-
zation’s guidelines and not include any costs in the cost analysis that may be already included in the 
organization’s overall F&A costs. Lang, in a 2009 article, notes the challenge of categorizing indirect 
and direct costs for the animal program and makes a case for including a number of animal program 
activities that are difficult to associate with a specific activity (e.g., regulatory issues and overall 
veterinary care) in the organization’s F&A calculations (Lang 2009). Activities related to regulatory 
compliance, as well as animal procurement, are specifically prohibited from cost-setting exercises 
establishing per diem rates under federal policy. Conversely, the NIH Rate Setting Manual does allow 
for internal support costs within an animal program. Due to budget constraints, upper management 
may be looking to spread more allowable indirect space costs across functional groups, such as the 
animal program.

Once all personnel and nonpersonnel expenses are allocated to the cost centers, the internal support 
cost centers (cage wash, animal health care, feed and bedding, etc.) must be further allocated to the 
chargeable cost centers via a reasonable method.

For instance, total costs of cage wash may be allocated to the various species based on a study of cage 
wash activities. If 20% of all cage wash effort is devoted to rat cage per diem, then 20% of cage wash 
expenses will be allocated to the rat cage per diem.

An accurate census-taking system is key to any charge-back program. This may be manual or auto-
mated (bar coding or radio frequency identification [RFID] tags) and must involve a frequent animal or 
cage count by species, type of housing, and investigator.

Total costs for the chargeable cost centers are then divided by the number of service units or other 
activities provided during the fiscal year. This will produce the actual per unit cost for providing daily 
animal care to the mix of species in the program, or the hourly cost for items such as veterinary technical 
services. An example of the final step of the cost analysis process is as follows:

Total expenses allocated to the mouse barrier cost center $2,300,000

Total average daily census of mouse barrier cages 4,500

Total annual care days for mouse barrier cages 1,642,500

(4,500 average daily census × 365 days annually)

Daily housing cost for mouse barrier cage $1.40

(Total expenses $2,300,000 divided by 1,642,500 annual care 
days)
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These calculations show that it costs this animal program $1.40 per cage per day to house mice in a 
barrier cage. The animal care program should compare this developed cost to its current rates and make 
adjustments accordingly. Perhaps central administration feels this rate is too high for researchers and 
may provide a subsidy to reduce the per diem. Whatever decisions are made, both the animal program 
and parent organization should remember that billing rates must be based on actual costs, all rates and 
the overall animal program should be operated as closely as possible to a break-even basis, and a profit 
cannot be charged to federal programs; that is, they cannot continually charge more for services than the 
cost to provide.

Special Topic: Benchmarking and Quality Improvement

Many animal programs receiving federal funds for research involving animals are keenly aware of how 
their per diem and other rates compare with those of their peer institutions. Researchers will often dis-
cuss rates with colleagues throughout the country, and lower animal housing rates can be an excellent 
recruiting tool to attract new faculty. Animal program management should be aware of how their service 
rates stand up to those of other organizations, both regionally and nationally. One source of information 
is the Animal Resources Cost Survey periodically sponsored by Yale University’s Animal Resources 
Center. Participation is open to academic and nonprofit academically oriented institutions. The survey 
aggregates responses from institutions throughout the country and provides a great deal of data, includ-
ing information on average and median housing rates. The survey also asks questions regarding institu-
tional subsidies, staffing, and many other key animal program topics.

The American Association for Laboratory Animal Science (AALAS), American College of 
Laboratory Animal Medicine (ACLAM), and American Society of Laboratory Animal Practitioners 
(ASLAP) periodically perform laboratory animal compensation surveys that are helpful for bench-
marking animal program salaries to regional and national averages. Many institutions will also per-
form their own ad hoc surveys comparing their animal program with those of their peers for such 
topics as animal program salaries, institutional subsidies, and animal program responsibilities. Such 
benchmarking and surveys are very helpful for providing perspective for the animal program’s opera-
tion and performance. Comparisons should be considered carefully, however, as program structure, 
institutional funding and subsidies, program resources provided, and so forth, can contribute to differ-
ences between animal programs.

Regarding quality improvement, the Vivarium Operational Excellence Network (VOE-N) is a consor-
tium of animal care facility experts who have agreed to share best practices for continuous improvement, 
with the ultimate goals of improving quality and efficiency and reducing operating costs. Members 
participate in a free-flowing exchange of ideas, share the results of individual improvement efforts, and 
provide feedback and support. The VOE-N also provides educational opportunities designed to train the 
next generation of animal care facility leaders.

Grants, Other Sources of Revenue, and New Services

Some animal care programs are reacting to challenging fiscal times by seeking nontraditional sources of 
funding. The federal government, as well as nongovernmental agencies, offers grants and other awards 
that can help upgrade facilities or support research into laboratory animal issues. For instance, the NIH, 
through its Office of Research Infrastructure Programs, provides a limited number of animal facility 
improvement grants to upgrade animal facilities and equipment.

The funding agency usually requires a detailed application requiring significant details of proposal, as 
well as information about the institution’s research environment. Animal program management should be 
willing to devote significant time to an application, as grant writing is an intensive effort. Once the grant 
is submitted, the funding agency will review proposals and choose those that best respond to the agency’s 
grant criteria. Once awarded, the animal care program must follow the funding agency’s requirements 
and timelines closely, making sure funds are expended as outlined in the grant proposal and within the 
time period of the grant. Many institutions have significant grant administration programs, and animal 
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care management should utilize these resources to prepare the grant application and properly administer 
the grant if the animal program is lucky enough to receive an award.

Animal care programs may also provide services to outside organizations for supplemental sources of 
income. The animal care program should ensure there is capacity within the program and that all insti-
tutional users’ needs are met first, before considering outside collaboration. The animal care program 
should also review institutional guidelines regarding collaborations with external organizations before 
providing services to outside groups. Many research institutions are considered not-for-profit, and unau-
thorized outside agreements could jeopardize that status, particularly if the arrangements do not meet 
the institution’s research or education missions. Nevertheless, outside agreements that meet guidelines 
can be fruitful for both the animal program and the outside group. The animal program’s parent institu-
tion may have contract and grants specialists that can guide management through the correct steps for 
establishing such a relationship.

The animal care program should be cognizant of the needs of the researchers it serves and be willing 
to provide new services. This can both help the research community and provide a source of increased 
support for the program. More researchers are utilizing genetically altered mice models, and some newer 
animal users do not have the time or experience to carry out all the needed research steps. Many programs 
have realized that there are unmet needs and have added a number of new areas of expertise, including 
breeding services, technical and surgical assistance, transgenic cores, and gnotobiotic facilities.

The animal program should develop a business plan before embarking on any new initiatives. This 
business plan should include an evaluation of the interest within the research community and possible 
usage; a survey of other organizations already providing such services, getting an idea of pricing and 
organization; a proposed structure of the new program, and how it will be initiated and developed; and 
projected expenses and revenues over a 3- to 5-year period. New programs will be especially challeng-
ing to estimate, as there may be little historical data and many unknowns. Costs should be estimated on 
the high side, and revenues should not be overly optimistic. Any new initiatives should be reviewed and 
approved by the parent organization before proceeding.

Technology

Program managers are tasked with ensuring that their animal program has a solid financial footing. To 
accomplish this, they must understand and address business and research issues that impact their fiscal 
needs. Increasingly, technology has empowered problem solving and enables new opportunities and 
approaches to modernize and streamline all key management functions, allowing the highest level of 
productivity and effectiveness in managing and tracking fiscal resources.

The unique capability of emerging technologies is already in use in some aspects of animal care and 
use. There are many of these tools that are changing the way we manage animal facilities. Two of the 
technologies are RFID and global positioning system (GPS). Both are currently available within the 
health care field and appear capable of decreasing operating costs but may require significant initial 
capital investment. The RFID application in the animal research facility is readily being used for animal 
census, whereas GPS technology might be more beneficial for tracking equipment throughout the facil-
ity, such as racks and other accountable equipment (McGrady et al. 2010).

Technology is constantly evolving and can be applied within vivaria. Technology is available to 
remotely connect to an animal room and use video cameras to check the health status of animals. Sensors 
to notify robots that a cage is wet or has an elevated ammonia level may become the norm and could 
dispatch an automated robot to change the cage. Globalization, software, and the Internet are having a 
synergistic effect on how we all live and work. Software is providing more services via the Internet every 
day, and the actual physical location of those servers and software matter less and less. It is estimated that 
by 2026, nearly all data needed by the end user will be accessible at all times. Smartphones and other 
highly portable devices with a web browser can access this data in the cloud. The ability for the animal 
facility to store its data in the cloud and have it accessible via a web browser can help improve facility 
overall operations. This type of technology is enabling animal facilities and program management to 
work seamlessly together in tracking expenses (Doughman 2016).
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Program managers will need to keep their fingers on the pulse of this technology and determine 
its cost-effectiveness. Managers should develop a systematic approach in investigating the full range 
of emerging technologies, see their potential possibilities, understand their uncertainties, compare 
the technologies, and select the ones to focus on and continually review new information and choices. 
Thoroughly evaluating those possibilities is key to making good choices about where and when to invest 
(Evans 2009; see also https://grants.nih.gov/grants/policy/air/rate_setting_manual_2000.pdf).

GLOSSARY OF FINANCIAL TERMS
allocation: assignment or distribution of costs or expenses to cost centers as part of the cost accounting 

process
benchmarking: comparing an organization’s programs, strategies, and so forth, to peer organizations
budget: an estimate of costs, revenues, and resources over a specified period, reflecting a reading of 

future financial conditions and goals
capital equipment: items of considerable value and durability that are used in the animal care program. 

Accounting rules usually consider objects costing more than $5000 and having an extended 
lifetime as capital equipment

cost accounting or cost analysis: the accumulation, examination, and manipulation of cost data for the 
purpose of setting animal program per diem and other rates

cost center: a defined area to which costs are allocated in the cost analysis process. Includes direct 
activities that are chargeable to researchers (mouse per diem) or indirect support activities, 
such as cage wash

effort survey: asks staff to track their activities for a period of time during the fiscal year to identify 
which cost centers their efforts are devoted to, that is, which species they perform animal hus-
bandry activities for, when they provide animal health care, when they devote time to admin-
istrative tasks, and so forth

financial or fiscal management: the planning, directing, monitoring, organizing, and controlling of an 
organization’s monetary resources

fiscal year: the 12-month period an organization defines as its budget year. The U.S. federal govern-
ment’s fiscal year is October 1 to September 30, while many organizations use a July 1 to June 
30 year

goals: an observable and measurable desired end result to be achieved during a defined time frame
planning: the identification of goals and objectives to be achieved, along with a strategy to achieve them
return on investment: the time required to recoup through reduced operating costs the investment in a 

major capital item
revenues or support: payments or fees that help support the expenses of an animal care program. 

Sources can include per diem charges, fees for technical services, grant funds, and institutional 
subvention

zero-based budgeting: a method for preparing budgets that starts from scratch each year with no pre-
authorized funds. Each activity must be justified on a basis of cost–benefit, no present commit-
ments existing, and there being no balances to carry forward
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Background

Occupational safety and health considerations are primary concerns of animal care and use program 
management regardless of the size of the program or facility. In order to appropriately address the asso-
ciated safety and health concerns, a concerted effort of hazard identification must be undertaken. Each 
activity or job should be analyzed to identify the potential hazards associated with the performance of 
each activity. Once the hazards are identified and the associated risks assessed, they must of course be 
mitigated in some fashion to prevent accidents and injuries. The job hazard analysis (JHA) or job safety 
analysis (JSA) and subsequent risk assessment approach provide a proactive path toward injury and ill-
ness prevention associated with the animal care and use program. The JHA or JSA is a standard tool used 
in the practice of occupational safety and health, and information regarding its use is broadly available 
elsewhere (OSHA 2002; Blair 2014). The JHA or JSA focuses on the relationships among the worker, 
the task, the tools, and the work environment. It is also used as a tool to identify and mitigate hazards 
that have been associated with an accident, injury, or work-related illness. The mitigation of identified 
hazards should follow the broadly accepted approach using the “hierarchy of controls” strategy (OSHA 
2005) (Figure 14.1). The hazard controls in the hierarchy are, in order of decreasing effectiveness,

• Elimination or substitution of the hazard

• Use of effective engineering controls

• Appropriate and effective administrative controls

• Use of personal protective equipment (PPE) appropriate for the job or task at hand

While this approach sounds simple, a team is often required and recommended. A team approach 
can help personnel to fully understand the hazards that may be present, regulations and policies that 
may apply, support and training required, and institutional policies and liabilities that may impact the 
interventions or mitigation strategies selected and implemented. Although all jobs and tasks support-
ing an animal care and use program should eventually undergo a JHA, jobs that may entail the highest 
potential risks should be prioritized and assessed first in order to reduce the likelihood of injury or 
illness. A historical review of Occupational Safety and Health Administration (OSHA) accident logs, 
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near-miss reports, and facility injury reports can all be helpful in prioritizing your approach. It is recom-
mended that the previous 3 years of reports and data be reviewed in order to set priorities (Blair 2014). 
Areas or tasks where injuries have previously occurred, or have been associated with a high frequency 
of injury, illness, environmental harm, or equipment damage, should be given the highest priority. In 
order to fully understand and address the safety issues associated with the conduct of animal research, 
a safety team should be constituted with representation from a variety of disciplines. In a larger, more 
complex program, the team may be composed of a wide variety of individuals with a range of special-
ized expertise. For example, safety and health professionals, veterinarians, animal facility managers or 
supervisors, environmental compliance personnel, occupational medicine advisors, research scientists, 
facility or maintenance engineering personnel, and financial and human resources personnel, as deemed 
necessary, are required to fully understand the hazards and risks present, the potential mitigations, and 
the resources required to bring the issues to successful closure. In smaller programs, a safety profes-
sional working with a facility manager, a veterinarian, and an engineering representative may suffice. 
Regardless of the program size, safety is a team sport.

There are a number of excellent references that can help guide institutions in establishing occupational 
safety and health requirements that meet the needs of the animal care and use program (NRC 1997, 2003, 
2011a). Additionally, there are national, regional, or provincial and European Congress regulations and 
directives establishing occupational safety and health requirements. Based on the animal facility loca-
tion, these requirements must also be met when establishing the occupational safety and health program.

Roles and Responsibilities

Successful animal care and use programs share certain characteristics. Most importantly, there is a 
strong, institutional commitment to the safe and compassionate conduct of research. Typically, the insti-
tutional official exemplifies this commitment. Model programs typically take a team approach to assess-
ing needs and developing consensus approaches to meet those needs. At a minimum, the occupational 
safety and health management team is composed of a veterinarian with experience and training in the 
species used within the program, a facility manager, and a safety and health specialist with knowledge 
relevant to biomedical research and animal care and use. Successful collaboration as team members 
requires a cooperative approach and effective communication skills. The animal care and use committee 
or oversight body is responsible for ensuring that an effective occupational safety and health program is 
in place. A detailed description of the roles and responsibilities of these various parties is addressed in 
Chapter 3.

Occupational Safety

As discussed in the previous section, the responsibility for the overall design and execution of a program 
that protects the safety, health, and welfare of all personnel rests in the hands of a team of key individu-
als. It is the responsibility of the institutional official to ensure that the accountability for the day-to-day 
operation of the program is clearly delineated and the responsible individuals are knowledgeable of both 
the safety issues and daily program requirements. It is the responsibility of the occupational safety and 
health management team to identify potential safety hazards, conduct risk assessments, and ensure that 
appropriate safety measures are in place to protect all personnel. Hazard identification and risk assess-
ment is an ongoing process within an animal care and use program. The Guide for the Care and Use of 
Laboratory Animals (Guide) (NRC 2011a) states that the risks associated with the experimental use of 
animals and research materials must be identified and reduced to minimal and acceptable levels.

As outlined in the following sections, hazards within the animal program fall in several categories, 
ranging from environmental and animal hazards to research hazards, such as biohazards and radiation. 
Hazard identification and risk assessment are the first steps in developing a comprehensive program that 
is both safety conscious and efficient. Both the severity and seriousness of the potential consequences of 
the hazard must be weighed, in combination with the prevalence or probability of the hazard occurring. 
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These factors can help the team rank or scale potential hazards in the order of their importance for pre-
vention measures and resource allocation. The selection of safeguards to minimize or remove potential 
risk factors and the assessment of the effectiveness of the chosen safeguards are primary functions of 
the management team. Through this risk assessment procedure, the team should be able to describe the 
decision-making process used and the rationale for the selection or development of specific safeguards, 
policies, procedures, and practices.

Clear, concise, and timely communication at all levels is critical for the development, implementation, 
and assessment of a dynamic occupational safety and health program. Personnel at all levels should 
be encouraged to share their ideas, problems, and experiences related to workplace safety and hazards 
without punitive consequences. The development and implementation of a training program that is both 
proactive and responsive to changing program requirements is critical in order to equip individuals with 
the knowledge and skills needed to work safely in a research environment with animals. Training should 
be reoccurring and documented. Training should be directed at identified problem areas and those areas 
assessed for effectiveness on a regular basis.

Engineering versus Procedural Controls

The creation of a safe working environment starts with the physical features of the facility and equip-
ment used in the work environment. Engineering or physical controls are preferred over procedural 
controls because they are not dependent on human actions to minimize hazardous exposures.

Barriers can be created between an individual and a potential hazard, which can prevent physical 
injury or contact with the hazardous agent. Barriers can be defined in many ways and take many forms. 
Solid barriers can protect an equipment operator from pinch or crush hazards, and directional airflow 
can protect adjacent rooms or hallways from contamination.

Good facility design is often the first step in creating an effective engineered barrier control program 
(Lipman and Leary 2015). Understanding the functional use of a room, including the potential for using 
hazardous agents in the area, can help in deciding if the room air pressure should be positive or negative 
to adjacent areas. For example, animal rooms or areas in which infectious material will be handled are 
commonly maintained with a negative air pressure to the adjacent areas, whereas “clean” rooms (surgery 
suites, clean cage wash, etc.) are routinely maintained with a positive room air pressure to adjacent areas. 
Architectural barriers that control personnel access and flow patterns can further isolate an area and pro-
vide protection for surrounding locations. Air locks and/or anterooms have been used in some facilities 
to provide additional protection for animal biosafety level 3 and 4 (ABSLs 3 and 4) areas.

Local exhaust fume hoods, biological safety cabinets, and downdraft tables are devices used to prevent 
personnel exposure to hazardous or flammable gases, aerosols, vapors, or dusts. These devices should 
ideally be located in low-traffic areas, away from room entrance doors and air supply and exhaust ducts, 
which can create air turbulence and disrupt the normal functioning of the device. These devices should 
be evaluated on a regular basis according to manufacture recommendations or regulatory guidance and, 
if possible, certified to ensure adequate air velocities and filter performances, as appropriate. These 
devices are typically maintained with a face velocity airflow of 80–100 ft/min (NRC 1995). Ideally, the 
device should include a continuous airflow monitor and alarm to aid in ensuring the functionality of 
the unit when working with hazardous materials. Care should be taken to understand the safe operating 
distance and requirements (such as front window sash height) of the unit. This is especially critical when 
working with downdraft tables.

Biological safety cabinets are one of the most effective primary containment devices for working with 
infectious agents and other hazards with potential for aerosol production. Proper air balance and inward 
airflow are critical to the function of these units. High-efficiency particulate air (HEPA) is brought into 
the cabinet, and the air is again HEPA filtered when leaving the cabinet. For infectious work, biologi-
cal safety cabinets should be certified in accordance with the National Sanitation Foundation Standard 
49 (NSF 2014). Ideally, the unit should be recertified annually and whenever the cabinet is moved. 
Individuals using a biological safety cabinet must be trained on its use, functionality, and limitations. 
Like fume hoods, inward airflow is critical to the functionality of the device; containment can be com-
promised by interruption of the inward airflow pattern by rapid movements of the operator’s arms, 
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changes in room ventilation patterns, creation of air turbulence outside of the cabinet, or disruption of 
the inward airflow by an abundance of items located inside the cabinet. Certain biological safety cabinets 
can also be used to protect the clean status of an animal or product within the cabinet. When used in this 
capacity, the biological safety cabinet not only protects the animal or product from contamination, but 
also protects personnel and prevents environmental contamination from aerosols and animal allergens.

Laminar flow change hoods are not biological safety cabinets and not designed for work with infec-
tious agents. It is critical that personnel understand the difference between a laminar flow change hood 
and a biological safety cabinet. Laminar flow hoods are designed primarily for the protection of animals 
or products used within the hood and not for the protection of personnel or the environment. These 
mass air displacement (MAD) Class 100–type devices flush the inside of the cabinet with HEPA-filtered 
air but are not guaranteed to recapture and refilter all the air prior to releasing it back into the room. 
Although some laminar flow hoods may act like a biosafety cabinet by redirecting some of the air leav-
ing the cabinet through a HEPA filter prior to releasing it back into the room, the efficiency of these units 
is questionable and they should not be confused with a biosafety cabinet. Therefore, positive-pressure, 
laminar flow change hoods or cleaning stations are not recommended because of their tendency to circu-
late animal allergens out of the hood onto the user and into the room (Lipman and Leary 2015).

Administrative Controls

In addition to engineering controls for controlling hazards in the animal facility, administrative controls 
are another effective technique for hazard control. Administrative controls are often used when engi-
neering controls are impractical or prohibitively expensive. They may also be used in conjunction with 
engineering controls. Administrative controls are used when available and provide a plethora of tools for 
use in hazard control and mitigation, through establishment of policies (e.g., rest breaks), personnel prac-
tices (e.g., required training), management (e.g., rotating work assignments), monitoring, limiting worker 
exposure, measuring performance, training and education, housekeeping, maintenance, and purchasing. 
Use of and rigorous adherence to standard operating procedures is also a highly effective administra-
tive control. For instance, the “two-man” rule or “buddy system” in nonhuman primate facilities is an 
example of an administrative control, as is having a policy of substituting “green products” for use where 
possible, eliminating more hazardous and environmentally damaging cleaning products.

Hazard Communication and Signage

Warning or hazard signage is an important method of hazard communication and control that is admin-
istrative in nature. Recent efforts to globally harmonize chemical hazard warning symbols (Global 
Harmonization System [GHS]) emphasize the importance of signage in communicating hazards and 
its appropriate use in the animal facility. See examples of GHS warning pictograms in Figure 14.2. In 
the United States, OSHA requires safety data sheets (SDSs) under its hazard communication standard 
(29 CFR 1910.1200). The OSHA published a rule (77 Federal Register 17574–17896, March 26, 2012) 
that aligns its hazard communication standard and SDS requirements with the GHS.

In addition to potentially hazardous chemicals, radioactive and/or biohazardous materials may be 
used or present in the animal facility. Universal warning symbols for these hazards have also been 
established and should be used on warning signage when these potentially hazardous materials are pres-
ent. Examples of the international symbols for biohazards and radioactive materials are provided in 
Figure 14.3. These symbols should be incorporated into appropriate warning signage.

Personnel Protective Equipment

PPE is often worn in an animal facility to minimize exposure to serious workplace injuries and ill-
nesses. Injuries and/or illnesses may result from exposure to chemical, biological (blood body fluids, 
infectious agents, and allergens), radiological, physical, electrical, mechanical, or a host of other ani-
mal facility workplace hazards. These hazards should be identified for mitigation. Mitigation proce-
dures include (1)  elimination or substitution of a less hazardous substance or method, (2) the use of 



284 Management of Animal Care and Use Programs in Research, Education, and Testing

Health hazard
• Carcinogen
• Mutagenicity
• Reproductive toxicity
• Respiratory sensitizer
• Target organ toxicity
• Aspiration toxicity
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• Irritant (skin and eye)
• Skin sensitizer
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• Hazardous to ozone
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• Flammables
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• Emits flammable gas
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• Organic peroxides
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Exploding bomb
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• Oxidizers
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crossbones

• Acute toxicity
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FIGURE 14.2 Examples of GHS warning pictograms.
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FIGURE 14.3 (See color insert.) International warning symbols for biohazardous and radioactive materials.
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engineering controls to reduce potential exposures, (3) administrative or procedural controls, and (4) the 
use of PPE—in that order. This is often referred to as the “hierarchy of controls.” PPE should be utilized 
when the hazards associated with the work cannot be eliminated or reasonably reduced using the other 
controls established in the hierarchy to provide a safe work environment for employees. PPE may include 
items such as gloves, safety glasses and shoes, earplugs or muffs, respirators, eye and mucous membrane 
protective devices, and coveralls and full-body suits. PPE is used also in animal facility management 
strategies to protect the health of the animals. This discussion, however, is limited to PPE used for the 
protection of employees only.

PPE programs are often mandated by law. In the United States, the use of PPE is covered by the U.S. 
Department of Labor OSHA standards. In general, 29 CFR 1910 Subpart I—PPE governs the use of 
these devices. Additionally, there are a number of other OSHA standards relating to specific hazards 
that require the use of PPE, and many require that PPE be provided free of charge to employees by the 
employer. In Canada, similar mandates for federal operations are found under the Canada Labor Code 
and in the corresponding Canada Occupational Health and Safety Regulations, specifically Part XII—
Safety Materials, Equipment, Devices and Clothing. Additional provincial regulations may also apply. 
In the European Union (EU), Directive 89/656/EEC—Use of PPE provides guidance and protections. 
If PPE is to be used, these standards have similar requirements—programs should address the hazards 
present; the selection, maintenance, and use of PPE; the training of employees; medical support; and 
monitoring of the program to ensure its ongoing effectiveness.

PPE should be selected that will protect against the hazard identified, the activities being performed, 
and the animal species involved in the work. Table 14.5 to Table 14.15 provide examples of hazards 
associated with activities necessary for providing adequate husbandry of selected animal species and 
recommendations for PPE to be used during the conduct of these activities.

PPE selection should be done through a risk assessment process with full consideration of the human 
factor. Wearing PPE can impact human performance and may increase some risks to the wearer by 
reducing dexterity, impeding vision, reducing ability to communicate, and increasing heat stress pos-
sibility. A balanced approach must be used when selecting the appropriate PPE for a given tack and 
environment. When selecting PPE, it is important to remember that more is not always better. Specific 
descriptions of the types of PPE recommended for various species and the activities being performed in 
the animal facility are provided in Table 14.5 to Table 14.15.

Clothing Protection and Contamination Control

Contaminants of all types may be spread on clothing, compromising the facility, other animals, and 
even coworkers and family members should the contaminant be carried back to an administrative area 
or home on clothing soiled at work. After a careful risk assessment, contamination may be addressed 
through the use of uniforms, laboratory coats, jumpsuits, and hair and shoe coverings. Appropriate don-
ning, doffing, and disposal of work clothing or clothing coverings and shoe coverings is important in 
contamination control and personal protection. Incorrect removal of the protective garments can lead to 
exposures to the agents that the PPE was intended to protect the personnel from. Training on the appro-
priate and effective removal and disposal process is critical to ensure personnel safety.

Gloves

Selection of glove type and material is based on the type of exposure and nature of the hazard. Some 
chemicals can easily penetrate gloves that work very well for other chemicals. The following should be 
considered when choosing gloves necessary for work in the animal facility:

• Chemical type

• Temperature extremes and cryogenic properties

• Physical hazards (sharps and piercing objects)

• pH
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• Toxicity

• Infectious potential

• The procedure to be conducted

Additionally, one should consider whether the gloves are for incidental or extended contact with a 
hazardous agent. Incidental contact may involve little or no direct exposure to the hazardous material, 
and uses may include activities such as accidental spills or splashes, overspray from a dispensing device, 
handling of infectious agents that require barrier protection, and preventing contamination of materi-
als (product protection), or during sterile or aseptic procedures. Disposable, surgical-type gloves are 
appropriate for incidental contact, as are nitrile gloves. Often, nitrile gloves are preferable to latex gloves 
because of better chemical resistance and the tendency to visibly tear when punctured, and in situations 
where the worker has a latex allergy or to protect against development of a latex allergy. When the choice 
is made to use disposable gloves, check for tears or punctures before use, remove and replace gloves 
immediately if overtly contaminated, and avoid touching common objects (door knobs, keyboards, etc.) 
while wearing gloves. Never wash or reuse disposable gloves.

Extended glove contact to hazardous materials may include situations such as handling highly con-
taminated materials, submerging hands in or prolonged contact with a chemical or other hazardous 
substance, and the need for physical protection from temperature extremes or sharp objects. More sub-
stantial gloves are generally required for extended use, and many of these gloves are reusable. Reusable 
gloves must be inspected for tears or punctures before and after each use and for evidence of prior 
contamination and/or degradation. Extended-use, reusable gloves should be washed and air-dried after 
removal. Table 14.1 will aid the reader in proper glove selection.

TABLE 14.1

Proper Glove Selection in the Animal Facility

Glove Type Use Advantages and Disadvantages

Latex (natural rubber) Incidental • Good for biological and water-based materials
• Poor for organic solvents
• Little chemical protection
• Hard to detect punctures/holes
• May cause or trigger latex allergies

Nitrile Incidental contact (disposable 
exam glove)

Extended contact
(thicker reusable glove)

• Excellent general use glove
• Good for solvents, oils, greases, and some acids 

and bases
• Clear indication of tears and breaks
• Good alternative for those with latex allergies

Butyl rubber Extended contact • Good for ketones and esters
• Poor for gasoline and aliphatic, aromatic, 

and halogenated hydrocarbons

Neoprene Extended contact • Good for acids, bases, alcohols, fuels, peroxides, 
hydrocarbons, and phenols

• Poor for halogenated and aromatic hydrocarbons
• Good for most hazardous chemicals

Polyvinyl chloride 
(PVC)

Specific use • Good for acids, bases, oils, fats, peroxides, and amines
• Good resistance to abrasions
• Poor for most organic solvents

Polyvinyl alcohol 
(PVA)

Specific use • Good for aromatic and chlorinated solvents
• Poor for water-based solutions

Cut-resistant gloves 
(stainless steel, Kevlar, 
leather)

Specific use • Sleeves are available to provide protection to wrists and 
forearms

• If there is potential for biological or chemical 
contamination, wear appropriate disposable gloves 
underneath cut-resistant gloves and discard disposables 
after use
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Mucous Membrane Protection

Mucous membrane protection refers to protection of the eyes, nose, and mouth from splash and splatter 
of potentially contaminated materials. This nomenclature originally referred to protective devices used 
to prevent occupational transmission of human immunodeficiency virus (HIV) in the health care work-
place via mucous membrane exposure of the workers. The use of the term has evolved and is now more 
broadly applicable. This type of personal protection includes goggles, face masks, and face shields, and 
specific devices should be chosen after careful risk assessment of the task at hand. Ideally, appropriate 
mucus membrane protection should be selected with the guidance of a trained occupation safety special-
ist. Figure 14.4 provides additional guidance on the selection of face masks.

Respiratory Protection

Respirators are devices fitted to the individual that can protect workers against insufficient oxygen envi-
ronments, harmful dusts and other particulates, fogs, smokes, mists, gases, vapors, and sprays (http://
www.cdc.gov/niosh/docs/2005-100/pdfs/2005-100.pdf). Respirators protect the user in two basic ways. 
The first is by the removal of contaminants from the air. Respirators of this type include particulate 
respirators, which filter out airborne particles, and powered air-purifying respirators (PAPRs) with car-
tridges or canisters that filter out chemicals and gases. Other respirators protect by supplying clean 
breathable air from another source. Respirators that fall into this category use compressed breathing 
air from a remote source (such as those used in maximum containment facilities—ABSL-4) and self-
contained breathing apparatus (SCBA), which is a dedicated air supply (tank air). Workers should use 
respirators for protection from contaminants in the air only if other hazard control methods are not 
practical or possible under the circumstances. Respirators should not be the first choice for respiratory 
protection in workplaces. They should only be used

• When following the “hierarchy of controls” is not possible (elimination, substitution, engineer-
ing, or administrative controls)

• While engineering controls are being installed or repaired

• When emergencies or other temporary situations arise (e.g., maintenance operations)

Workers wearing respirators to accomplish work tasks must be enrolled in an appropriately consti-
tuted respiratory protection program as defined by national or regional authorities, consult an industrial 
hygienist or other safety and health professional in selection and fit testing of the appropriate respiratory 
protective device, and be medically cleared to use a respirator.

Hearing Protection

Animal facilities have high-noise areas, such as mechanical spaces, cage wash areas, and housing areas 
where animals may loudly vocalize. Exposure to high levels of noise can cause permanent hearing loss 
(https://www.osha.gov/SLTC/noisehearingconservation/). Neither a hearing aid nor surgery can correct 
this type of hearing loss. Short-term exposure to loud noise can also cause a temporary change in hearing 
(ears may feel “stuffed up” or clogged) or a ringing may be present (tinnitus). These short-term problems 
may go away within a few minutes or hours after leaving the noisy area. However, repeated exposures to 
loud noise can lead to permanent tinnitus and/or hearing loss.

Loud noise can also create physical and psychological stress, reduce productivity, interfere with com-
munication and concentration, and contribute to workplace accidents and injuries by making it difficult 
to hear warning signals or instructions. Animal facilities with noisy areas should establish a hearing 
conservation program (HCP) to identify and monitor areas where high noise levels exist and to subse-
quently identify employees whose job duties may expose them to noise levels exceeding the 8-hour time-
weighted average. The U.S. OSHA (29 CFR 1910.95) sets the 8-hour time-weighted average action limit 
(or threshold limit value [TLV]) at or above 90 dBA (decibels measured on the A scale, slow response). 
Other authorities, such as the American Conference of Governmental Industrial Hygienists (ACGIH) 

http://www.cdc.gov
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MINIMUM PERFORMANCE
Utility Mask (Tissue/Tissue)
Physical Barrier Only
No LEVEL Performance Level

 N/A

Ideal as a simple physical barrier for exams 
and visitations or for dry, short procedures 

ASTM LEVEL 1
Low Fluid Resistance  80 mmHg

 BFE ≥ 95%
 PFE ≥ 95% @ 0.1 micron 
Breathability - Delta P  < 4.0 mm  H2O/cm2

Flame Spread   Class 1

Ideal for procedures where low amounts of 

Meets EN14683 Rating – Type II Standard.

LOW PERFORMANCE
Surgical Molded Utility Mask
Physical Barrier Only
No LEVEL Performance Level ** 

 N/A 

Ideal as a comfortable substitute for earloop face masks, 
this mask is a simple physical barrier ideal for exams 
and visitations or for dry, short procedures that do not 

Understanding LEVEL Performance  
Levels for Surgical Masks=

ASTM  LEVEL 2
Moderate Fluid Resistance  120 mmHg

 BFE ≥ 98% 

 PFE ≥ 98% @ 0.1 micron

Breathability - Delta P < 5.0 mm H2O/cm2

Flame Spread   Class 1

Ideal for procedures where moderate  

aerosols are produced.

Meets EN14683 Rating – Type IIR Standard.

  888-276-7783   |  crosstex.com

ASTM LEVEL 3
High Fluid Resistance 160 mmHg

   BFE ≥ 98%

 PFE ≥ 98% @ 0.1 micron

Breathability - Delta P  < 5.0 mm H2O/cm2

Flame Spread   Class 1

MAXIMUM FILTRATION
 
NIOSH Approved N95 Particulate Respirator 

High Fluid Resistance  160 mmHg

 PFE = 99.9% @ 0.1 micron

Breathability - Delta P  > 5.0 mm H2O/cm2

Flame Spread  Class 1

Ideal for procedures where heavy to 
 

and/or aerosols are produced.

Meets EN14683 Rating – Type IIR Standard. 

Indicated for use when treating 
patients with airborne diseases such 

Meets CE 0121 – In reference to EN 149: 2001 FFP2 NR. 
 

FEATURE EXPLANATION

Fluid Resistance Mask resistance to penetration by  
synthetic blood under pressure 
(mmHg). 
Higher resistance = higher 
protection.

BFE - Bacterial  
a pore size of 1.0 - 5.0 microns (µ). 

PFE - Submicron  
Particle Filtration a pore size of 0.1 - 1.0 microns (µ).

Delta P -  Pressure drop across mask, or 
2O/cm2.

Greater resistance = better 
protection but less breathability.

Flame Spread
mask material.

  
= 

performance of materials used in medical face masks. F2100-11 Standard.

*Follow CDC Guidelines: Do not treat active TB patients except in approved facilities, meeting all health department, CDC and OSHA 
standards, in the context of a complete respiratory protection program. CAUTION: Outside of masks and face shields are likely to 
become contaminated during use. Wash hands after touching any contaminated surfaces. Do not touch outside of the mask with wet 
or contaminated gloves or hands. Such contamination may compromise mask barrier asepsis by encouraging migration or “wicking” of 
microbes through the mask.

Crosstex International can make no warranties or representations, either expressed or implied, that these products will fully protect 

anticipated exposure and select the appropriate protective masks to prevent contamination of skin, eyes and respiratory passages. This 
poster may not be copied in whole or part without the express permission of Crosstex International, Inc. © 2011.
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Guide to Face Mask Selection and Use

SELECT  THE  RIGHT  MASK  FOR  THE  TASK

PATIENT SAFETY MASK w/ SHIELD
• U.S. Patent No.’s 6,185,740 and 6,523,170.
• Covers patient’s eyes and nose.
•   

and splatter.
•  Makes patients feel safe, but not “in the dark,” with attached  

clear-vision shield.
•  
• White spunbond inner and outer layers.
• Fluid resistant.
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Pictured: Isolite® Earloop

Choose the right mask for the task! 

including ASTM Level 1, 2  and 3.

N95

LEVEL 3

LEVEL 2

LEVEL 1

Pictured: Surgical Molded

FULL LENGTH FACE SHIELD
•  Optically clear, distortion-free wrap-around face shield.
•  

•  Protects mask and face from direct splatter; may prolong mask life.
•  Sonically welded elastic headband for added strength.
• Anti-fog treatment on inside and outside of shield.

FIGURE 14.4 (See color insert.) Guidelines for the selection and use of face masks. (From CROSSTEX, Hauppauge, 
NY, http://www.crosstex.com/home.asp.)
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and the EU Directive 2003/10/EC on workplace noise, set more conservative 8-hour exposure limits at 
85 and 80 dB(A), respectively.

An HCP should address (1) high-noise-area identification and monitoring, (2) employee monitoring 
(personal noise dosimetry), (3) audiometric monitoring, (4) noise control (engineering and administrative 
controls), (5) hearing protection devices (HPDs), (6) training, (7) medical monitoring, and (8) record-
keeping requirements. Personnel working in high-noise areas of the animal facility should have appro-
priate hearing protective devices available to them. An HPD is a personal safety product that is worn to 
reduce the harmful auditory and/or annoying effects of noise. HPDs should be viewed as a last resort, 
when other means, such as engineering and administrative controls, are not practical or economical. All 
HPDs have an associated noise reduction rating (NRR). Aural inserts (earplugs) fit directly into the ear 
canal. Earplugs in both formable and premolded versions are available in various sizes. Circumaural 
protectors (ear muffs), which are plastic domes that cover the ears and are connected with a spring band 
that fits on top of the head or is attached to a hard hat, are also an option. The HPD chosen must have an 
NRR that reduces the worker’s noise exposure to the established level.

Occupational Medicine

Designing Occupational Medical Support Services

Because the medical services provided for the workforce should match the potential health hazards in the 
workplace, the design of the offering logically begins with a risk assessment. This approach enhances the 
medical provider’s understanding of the work environment and should result in more effective services. 
Failure to tailor the medical services to meet the workers’ likely needs risks compromising the quality 
of the medical care and the workers’ respect for it. The risk assessment requires a team approach and 
is an ongoing process. Initially, safety specialists, veterinarians, managers, and principal investigators 
(PIs) identify potential health risks in the workplace. The medical provider occasionally must modify 
the offering to address new hazards and discontinue services for hazards that are eliminated from the 
workplace. Developing and maintaining constructive relationships with the partners that helped with the 
initial design of the program is critically important for subsequently identifying changes in workplace 
hazards in a timely fashion. The medical provider ideally shares draft versions of the proposed medical 
support services and subsequent modifications with the safety officials, veterinarians, managers, and the 
investigators involved in the risk assessment. Encouraging their meaningful involvement in the design 
process enhances the quality of the offering and likely will encourage their support of it.

Medical support for animal-based research should not be referred to as “medical surveillance” 
because it does not meet the definition of the term. By definition, medical surveillance involves ongoing 
evaluation or testing of workers at risk for an adverse health consequence from a workplace hazard. The 
monitoring tool must be used appropriately: sensitive enough to identify an injury before the worker 
would seek medical attention, specific enough to identify the consequence of a particular workplace 
injury, and acceptably affordable and palatable to the worker. Moreover, data generated from the testing 
must be analyzed in a timely fashion and shared with those tested, and authorities capable of making 
adjustments in the workplace. Unfortunately, other than testing the hearing of workers who are exposed 
to noise above the OSHA-permissible exposure level, there are no tests that meet this definition for 
workers who support animal-based research. It is more accurate to describe the offering as medical sup-
port services tailored to address workplace health hazards. The services often include an occupational 
history, a targeted review of relevant personal medical details, work-related health counseling (verbal 
and in writing), and immunizations and laboratory testing, if indicated by both occupational tasks and 
clinically warranted.

It is convenient to divide the occupational medical support services as occurring in three separate 
time frames. The initial medical evaluation should occur prior to the individual’s starting work with 
animals and is referred to as a preplacement medical evaluation. The second possible contact would be 
routine periodic medical evaluations. Routine periodic medical evaluations in most situations are not 
clinically warranted for most individuals working with animals. The third contact option is medical 
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evaluation following occupational injuries, potential work-related illnesses, or other general job-related 
health concerns.

Preplacement Medical Evaluation

This visit provides an opportunity for the health care provider to assess the individual and determine 
the physical demands and environmental hazards of the proposed position. Ideally, human resources or 
the direct supervisor provide the work site information as part of the paperwork for the evaluation. The 
health care provider gauges the worker’s understanding of the type of contact the individual will have 
with animals, other potential workplace health hazards, and the nature of the research. With those details 
in mind, the health care provider obtains a history of current medical conditions and their treatment, a 
personal history for allergies, and a history for immunizations that are relevant for the proposed work. 
Not infrequently, during this initial evaluation newly hired workers acknowledge symptoms sugges-
tive of allergies to animals related to prior employment. If the worker will need to utilize a respirator, 
the health care provider should administer the OSHA Initial Medical Questionnaire for Respirator Use 
(https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9783). A phys-
ical exam generally is not warranted and should not be included in the preplacement medical evaluation. 
Rarely, the health care provider may be concerned that a worker’s preexisting medical condition may 
interfere with his or her ability to perform the duties of the proposed position effectively and safely (e.g., 
musculoskeletal issues). When that occurs, the most effective approach to resolve the matter is for the 
health care provider to review copies of the worker’s relevant personal medical records.

Potentially, the most valuable portion of the preplacement medical evaluation is the opportunity to 
provide individualized counseling. The health care provider discusses potential health hazards, such 
as animal proteins, musculoskeletal injuries, animal bites and scratches, and exposure to chemical 
and biological agents. The health care provider emphasizes that all work-related injuries and illnesses 
must be reported at the workplace and to the medical provider for prompt attention. Finally, the health 
care provider describes what constitutes proper first aid and the steps the worker should take to access 
emergency medical support. Additionally, detailed medical information should be provided for high-
consequence human pathogens involved in the research (ABSL-3, BSL-3AG, and ABSL-4 agents) or 
potentially harbored by the animal used in the research (e.g., herpes B-virus (Macacine herpesvirus 1, 
formerly Cercopithecine herpesvirus 1 [CHV-1]). The counseling helps focus the worker’s attention on 
potential health hazards at the workplace, how best to avoid them, and the steps to take to reduce the risk 
of significant injury following an accident. Informational handouts help keep the message consistent and 
may provide a useful reference for the worker later.

The health care provider updates the worker’s immunizations as occupationally indicated and clini-
cally warranted, and performs relevant testing (e.g., testing for rubeola and tuberculosis (TB) for individ-
uals handling nonhuman primates, and rabies titers if there is an elevated occupational risk for exposure 
to rabies) (www.cdc.gov/rabies/specific_groups/doctors/serology.html). Pulmonary function testing typi-
cally is not needed to medically clear a worker to use a respirator. There is very little, if any, value associ-
ated with the practice of storing a worker’s serum for possible future reference (Lehner et al. 1994). The 
practice is not warranted.

Routine Periodic Medical Evaluations

Individuals working with laboratory animals should periodically be reminded of the health hazards in 
their work environment and the actions they should take in the event of a possible occupational injury 
or illness. These reminders may be provided as part of annual training or in a targeted e-mail message. 
Some programs opt to meet this need by requiring periodic medical evaluations. However, as stated 
above, routine periodic medical evaluations are in most situations not clinically warranted and may be 
cost-prohibitive. Those advocating for periodic medical evaluations may contend that the visits permit 
the health care provider an opportunity to test the worker for evidence of an allergy to animal proteins. 
However, available testing strategies for allergies are of dubious clinical value. Elevated immunoglobulin 
E levels do not reliably help predict who will become sensitized to laboratory animal proteins. Similarly, 
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skin testing for allergies to animal proteins is not helpful. Positive skin tests do not correlate well with 
clinical findings. In addition, 13% of workers with positive skin tests are asymptomatic (possible false 
positives) and another 6% will have negative results in the presence of symptoms suggestive of allergic 
reactions (false negatives) (Bush and Stave 2003). Use of enzyme-linked immunosorbent assays and 
radioallergosorbent testing (RAST) has been suggested; however, results from these tests correlate even 
less well than skin test results. Allergic reactions to animal proteins usually begin within 6 months of 
exposure and rarely occur after 2–3 years of work with laboratory animals (Gross 1980). A more practi-
cal approach to determining who is having a problem is to provide detailed counseling regarding allergic 
reactions to animals before the individual begins work with laboratory animals, and then periodically 
remind those workers of the risk and their need to report symptoms suggestive of an allergic reaction 
promptly. Once an allergic reaction is detected, the best approach to controlling the condition is reducing 
exposure to the proteins and symptomatic treatment. Others advocate periodic medical evaluations to 
determine whether workers are immunocompromised or pregnant. In neither case is a positive response 
likely to alter the individual’s medical clearance to perform the duties of his or her assigned position. As 
is the case with workers who develop allergic reactions to animal proteins, the additional medical history 
does not significantly alter the advice provided during the preplacement medical evaluation. Individuals 
working with nonhuman primates are routinely recalled for periodic testing for subclinical infections 
with Mycobacteria tuberculosis to minimize the risk for inadvertent infection of the research animals. 
The interval questionnaire for respirator fit testing and training may be administered by the person per-
forming the testing or training. Workers with positive responses or an interest in speaking with a health 
care provider should be referred back to the medical support staff.

Medical Evaluation for Work-Related Injuries and Illnesses

Medical support for work-related injuries and illnesses is critically important. Injury reports permit 
insight into the circumstances that lead to occupational injuries and opportunities for corrective actions 
to prevent further injury. The organization must take all reasonable steps to facilitate these reports, 
including ensuring that the process is not perceived as punitive. If contract staff is involved in the work, 
the language for their contract should include injury reports as a deliverable item in the contract. Physical 
and financial barriers to accessing health care services in a timely fashion should be minimized.

The majority of injuries reported from animal care facilities can be classified as musculoskeletal 
trauma, although cuts, bites, and scratches are also frequently reported. Table 14.2 provides a summary of 
194 occupational injuries and illnesses reported to the National Institutes of Health (NIH) Occupational 
Medical Service in a 12-month period ending in 2014 from animal care areas. Not surprisingly, the 
majority of the injuries reported occurred while the worker was handling an animal. Interestingly, only 
1% of the work-related injuries and illnesses reported that year involved an allergic reaction to animal 
proteins. A few factors may explain this finding. A significant majority of workers with allergic reactions 
to animal proteins are discovered during the preplacement medical evaluations. Second, safety measures 
currently employed to reduce occupational exposures to animal proteins are effective.

The health care provider, in collaboration with biosafety professionals and researchers, should develop 
a detailed response plan for potential exposures to all high-consequence biologic and chemical hazards. 
The plan should describe the emergency medical response, including who needs to be notified of the 

TABLE 14.2

Summary of Animal-Related Occupational Injuries and Illnesses Reported to the NIH Occupational 
Medical Service in a 12-Month Period Ending in 2014

• 56 (34%) occurred during the feeding, handling, or restraining of an animal

• 46 (24%) occurred during the performance of a medical intervention

• 50 (26%) involved work with, or in proximity to, a cage

• 30 (15%) were sprains, strains, repetitive motion injuries, punctures, or lacerations not involving a research animal 
or a cage

• 2 (1%) were new reports of work-related allergies
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event. In rare instances, the results of an exposure can be severe and occur so quickly that the medical 
response should be available almost immediately. Examples of such incidents include exposures to the 
neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and concentrated hydrofluoric acid. 
In these cases, the antidote (sublingual selegiline and intradermal injection of calcium gluconate, respec-
tively) should be maintained in the workplace. Although the likelihood of actual occupational illness will 
likely be much lower, a similar argument may be used for storing a starter dose of valacyclovir in work 
areas with Old World macaques. If such an approach is warranted, responsibility for properly storing and 
maintaining the medications must be established and treatment should only be initiated at the direction 
of the responsible health care provider. Regardless of whether medical attention for a potential exposure 
will be needed immediately or urgently, the medical support team should be intimately familiar with the 
response plan and available to provide assistance, regardless of the day or week or time of day. Drills 
testing the plan can help familiarize the medical support staff with the details of the plan and identify 
potential weaknesses in the strategy. Common findings in these drills include the importance of having 
someone record events as they occur and the need for clear guidance on communication requirements.

In assessing the significance of a potential exposure to a biological hazard, medical providers should 
consider separately the risk of exposure (RoE) occurring and the risk of disease (RoD) following an 
exposure. This approach should improve communications and reduce misunderstandings. For a worker 
to be at risk for an exposure to a biological agent, two conditions must be met. First, a viable biological 
agent must be present. Second, the worker’s PPE or innate protection (e.g., intact skin) must be breached, 
resulting in a potential exposure (e.g., by percutaneous injury, cutaneous and mucous membrane con-
tamination, inhalation, or ingestion) to the biological hazard. The worker, PI, biosafety specialist, and 
the medical provider cooperatively determine the RoE. The risk is stratified into one of four categories: 
no risk; low but not zero (LBNZ) risk; minimal risk; and elevated risk (Table 14.3).

Occasionally, the circumstances of an accident warrant an estimate of the RoE for more than one bio-
logical agent. For example, a percutaneous injury that occurs while dissecting neurologic tissue from a 
macaque known to be infected with B-virus and experimentally infected with a biological hazard would 
warrant a RoE for B-virus and a second RoE for the biological hazard. Similarly, a bite injury involving 
an animal infected experimentally with a biological agent would warrant an assessment for the RoE to 
the animal’s oral flora and a second estimate for the RoE to the biological hazard.

The RoD is an estimate of the probability that an exposure will result in an infection or an estimate 
of the probability that an illness has been caused by a biological agent under investigation. The medical 

TABLE 14.3

Risk-Level Descriptors

Risk of Exposure Level Description

No risk
RoE = 0

 1. Either the biological hazard was not present or

 2. The worker’s PPE was not breached or it is not possible that the worker could have 
sustained an exposure to the biological hazard.

 3. There is no conceivable RoE.

Low but not zero risk
RoE = 1

 1. The biological hazard may have been present and

 2. The worker’s PPE was breached and, although the RoE is too small to quantify, it cannot 
be excluded that the worker sustained an exposure to the biological hazard.

 3. Although theoretically possible, the risk is extremely unlikely.

Minimal risk
RoE = 2

 1. The biological hazard may have been present and

 2. The worker’s PPE was breached and the worker may have sustained an exposure to the 
biological hazard.

 3. The risk is unlikely.

Elevated risk
RoE = 3

 1. The biological hazard likely was present and

 2. The worker’s PPE was breached and the worker sustained an exposure to the biological 
hazard.

 3. The risk is plausible.
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provider and infectious disease specialists cooperatively determine the RoD. Several factors influence 
estimates of the likelihood an exposed worker will be at risk for developing the disease associated with 
the biological hazard. These factors include, but are not restricted to, the virulence of the biological 
hazard, the volume (size of inoculum) and concentration of the biological hazard in fluid, the route of 
exposure, the adequacy of the first aid (e.g., timeliness, technique, duration, and agent used), the worker’s 
protection to the biological hazard from prior immunization or infection, the worker’s medical condi-
tions and treatments, and the adequacy of postexposure chemoprophylaxis (e.g., timeliness and effective-
ness). The RoD is usually the same as the RoE. However, the RoD may be higher or lower based on any 
of the factors described in Table 14.4.

Serum stored at the time of an exposure to a biological agent is occasionally clinically useful in assess-
ing whether the injury resulted in a subsequent laboratory acquired infection (LAI). That specimen is 
referred to as an “acute sample.” If that specimen is tested, a “convalescent sample” acquired 10 or more 
days following the injury should be tested simultaneously. Medical providers should exercise caution 
when attributing clinical significance to test results from a diagnostic study that is not commercially 
available.

Reporting, Record Keeping, and Quality Assurance

Given that workers who have access to animals used in research are required to receive medical sup-
port services, the medical provider must have a mechanism for communicating who has received the 
preplacement medical evaluation and any required periodic medical evaluations (e.g., testing workers 
with access to nonhuman primates for recent infection with M. tuberculosis). As mentioned above, injury 
reports provide valuable information. The health care provider promptly should share the circumstances 
of work-related injuries with their counterparts in safety and management. This approach permits a 
timely review of incidents and ideally the identification of potential corrective actions that may prevent 
recurrences. The data is also needed for generating an OSHA 300 log. The health care provider should 
be familiar with the workers’ compensation application process and facilitate workers’ completion of 

TABLE 14.4

Factors Modifying the Risk of Disease

 1. Virulence: Is the biological hazard a known human pathogen (e.g., SIV, a close relative of HIV-2, or known to infect 
humans without causing illness)? How likely is it to cause disease in humans (e.g., only 10% of people with latent 
TB infection develop TB)? How likely is it to cause severe health consequences (e.g., case fatality rates of influenza 
strains differ significantly)? Has the organism been modified to enhance or diminish the parent strain’s pathogenic 
potential (e.g., nonvirulent Sterne strain of Bacillus anthracis)?

 2. Volume and concentration: What was the estimated dose of exposure (e.g., decreased size of inoculum if the needle 
goes through gloves first or syringe plunger was not depressed during injury)? How much viable pathogen may have 
been introduced (e.g., was source material chemically or physically inactivated prior to the incident)? What is the 
agent’s minimum infectious dose in a healthy host? What is the toxin’s lethal dose?

 3. Route of exposure: The clinical significance of the event may be impacted by the route of exposure (e.g., the risk of a 
percutaneous exposure to HIV is greater than a mucosal exposure, and the risk of a respiratory exposure to influenza 
is likely higher than a percutaneous exposure).

 4. First aid: How much time passed from exposure to starting to cleanse the affected body part (immediate cleansing of 
agent may reduce disease risk)? Was first aid delivered appropriately (e.g., adequate duration and volume, and use of 
appropriate disinfectant)?

 5. Preexposure protection: Was the individual vaccinated against the biological hazard? Does the individual have 
protective antibody titers? How effective is the vaccine? (Prior vaccination may lower the disease risk.)

 6. Worker’s medical conditions and treatment: Does the individual have an illness or take medications that predispose 
for higher risk for disease (e.g., TB) or complications (e.g., influenza)?

 7. Postexposure medical countermeasures: Are pharmacologic or immunologic agents available that are known to be 
effective against the biological hazard (e.g., antibiotics, antivirals, or specific immunoglobulin G [IgG] therapy)? Are 
there any investigational medical treatments available (e.g., serum from survivors of a disease in cases of high-risk 
exposure to the same disease agent)?
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the reporting forms. Reviewing injury data for a specified period may help identify critical patterns 
in the injury data (e.g., a disproportionate share of the injuries involve a particular process or piece of 
equipment).

The medical provider must comply with its country’s regulations governing the generation and main-
tenance of all clinical records. For example, in the United States a medical provider must comply with 
all state and federal regulations.

Finally, the health care provider should have an active quality assurance program that utilizes specific, 
meaningful indicators that test the extent to which the medical services conform to established expec-
tations. For instance, the provider may elect to track whether routine and emergency medical care is 
provided in a timely fashion or whether the care provided matches the description in standard operating 
procedures.

Unique Hazards Encountered in the Care and Use of Laboratory Animals

An animal care and use program presents many challenges in the identification, assessment, and control 
of occupational hazards. Program hazards can be divided into three broad categories: (1) environmental, 
(2) animal, and (3) research related. Although some hazards are common for all programs, many of 
the potential hazards are unique to a given program or facility, and are dependent on the experimental 
research being conducted and animal models being used. Therefore, the unique and dynamic nature of 
each laboratory animal care and use program requires that hazard identification and risk assessment be 
a customized and ongoing process. The hazard identification and risk assessment process must include 
individuals with the training and experience needed to fully assess the possible range of potential pro-
gram hazards and the risks. This process commonly includes managers, veterinarians, and safety spe-
cialists. Although it is impossible to capture all potential hazards and risks that can be encountered in a 
laboratory animal program in one short chapter, the next section attempts to provide a general outline of 
common hazards that may be encountered.

Environmental Hazards

Surface Hazards

The need for moisture-impermeable, highly sanitizable surfaces in the animal facility, especially for 
flooring, often creates slick and slippery working conditions. These situations can at times be reduced or 
eliminated by selecting textured materials, for example, the addition of sand or other textured additives 
to epoxy flooring. In addition, careful attention to moisture on the floor, the selection of facility shoes 
with slip-resistant soles, and/or the use of slip-resistant shoe covers helps reduce the problem.

Ergonomic Hazards

Attention to good ergonomic design can reduce or eliminate the occurrence of musculoskeletal disorders 
and repetitive motion injuries while improving health, safety, and productivity. It takes forethought to 
design and arrange a work environment that is user-friendly, efficient, and safe. Consideration must be 
given to the mental, physical, and organizational aspects of the work, as well as the setting in which the 
work is conducted. The goal is to reduce, minimize, or eliminate factors that can result in injury, pain, 
or discomfort.

Although potential ergonomic hazards can be identified in many of the jobs related to animal care and 
use, these injuries are most common in production areas where the tasks require repetitive movements 
or the movement of heavy objects. The purposeful placement of handholds in natural positions, coupled 
with attention to body position and back support, can help to eliminate many hand, wrist, shoulder, and 
back injuries. One example is the use of back supports coupled with the use of heavy-duty, removable 
quick-release suction cup handles (e.g., Harbor Freight Tools). Their use has significantly reduced ergo-
nomic injuries related to the movement of large, heavy primate cage racks (NIH Program Data). Care 
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must be used when recommending the use of back supports, as they may provide a false sense of security 
to the user. It is for this reason that some programs have stopped recommending their use. When used 
with appropriate training, back supports serve as a reminder to use good body posture, mechanics, and 
lifting procedures.

When space permits, powered equipment, such as “tugs” and forklifts, has been used to move heavy 
and bulky caging. The selection of smaller, lighter animal racks can also reduce ergonomic issues, but 
this is not always possible when trying to maximize housing densities and reduce housing costs. Another 
area where we have been able to improve ergonomics is the selection of uniquely designed biosafety cabi-
nets and change hoods. Many vendors now manufacture adjustable-height cabinets and hoods that allow 
the employee to adjust the height of the unit to meet his or her specific requirements. Other examples 
of ergonomic improvements that have benefitted our employees are (1) the use of antifatigue mats and 
runners in areas where personnel are required to stand for prolonged periods of time; (2) the procure-
ment of smaller, lighter bags of food and bedding; (3) the use of self-opening doors; (4) the use of lighter 
fiberglass cage pans versus heavier metal units; and (5) the use of ramps or other floor-leveling strategies 
to smooth the transition from one work area to another.

Machinery and Equipment Hazards

Any piece of machinery or equipment that has moving parts can pose a significant hazard to the opera-
tor. It is critical that the equipment is well designed and in good working order, and that precautions are 
taken to protect the operator from potential pinch, crush, and entrapment areas (e.g., rack washers and 
bulk autoclaves). Engineering controls such as strategic placement of finger guards or other barriers to 
minimize accidental exposure of fingers and hands are often beneficial in preventing these types of inju-
ries. For example, retrofitting a metal guard plate at the interface of the tunnel washer conveyor belt and 
the cage loading area has provided additional protection for the equipment operators.

When purchasing any piece of machinery or equipment, the product should be evaluated not only for 
functionality, but also for safety and ergonomic design. Care should be taken to evaluate the safety of 
the equipment not only during routine operation, but also during equipment cleaning and maintenance. 
Consideration should be given to the presence and location of emergency shutoffs, signage related to 
potential dangers, and safety features.

It is important to evaluate not only the machinery or equipment for safety, but also the required standard 
operating procedures and training practices for the safe operation of the equipment. Engineering safety 
controls or procedural safety measures are preferred; however, they are not always possible. Therefore, 
well-thought-out standard operating procedures, coupled with a well-designed and - documented training 
program, are often required.

Heat, Steam, Cryogens, and Pressure Hazards

Heat, steam, and pressure hazards are of primary concern in the facility cage wash area, as well as other 
areas using heat or steam to sanitize and sterilize equipment and instruments. The use of cryogens (e.g., 
liquid nitrogen and dry ice) are also common in the modern laboratory animal facility. Cryogen boil-
off can lead to asphyxiation of both personnel and animals. Rooms housing magnetic resonance (MR) 
scanners in which cryogen gases are stored must be equipped with oxygen sensors and a method for 
increasing room ventilation to exhaust inert gases during cryogen filling (Klaunberg and Davis 2008).

The appropriate selection and use of PPE (e.g., aprons, gloves, safety glasses, and goggles) is normally 
sufficient to protect personnel when they are coupled with appropriate standard operating procedures 
and training. It is important to ensure that gloves are both moisture and heat resistant when working in 
wet cage wash areas or with surfaces that may be hot, as well as moist. In addition, appropriate ventila-
tion must be present to prevent steam and fog buildup from creating fogged glasses, goggles, and an 
unsafe work environment. Steam release safety interlocks must be present and in good working order in 
equipment where increased internal pressures are present and steam is allowed to build up (e.g., steam 
autoclaves). Larger pieces of walk-in equipment, for example, rack washers and autoclaves, should ide-
ally be equipped with internal emergency shutdown or de-energizing and egress mechanisms to prevent 
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personnel from becoming trapped inside. When working with cryogens, care must be taken to ensure 
that the work area is well ventilated and that the gloves selected are appropriate for the temperature 
ranges of the agents. When working with liquid nitrogen, eye protection should also be worn.

Lighting, Electrical, and Electromagnetic Hazards

Lighting can be a source of hazard secondary to the type of lighting fixture and amount of light pro-
vided. Fixtures that are not properly installed, in good repair, grounded, and water resistant can pose a 
shock hazard, especially in a wet environment. Ceiling fixtures in the animal facility are often covered 
and sealed with a gasket to prevent moisture penetration and bulbs from being accidently broken during 
room sanitation. Ideally, lighting fixtures should be easily accessible for bulb changing without having 
to clear the room.

Some animals are purposefully reared in dark, low-light-intensity conditions, or under red lighting. 
These lighting conditions can present potential safety hazards for individuals working and navigating in 
the area. Standard operating procedures for individuals working in low-light areas often require an accli-
mation period to prevent personnel injury or task performance errors. Rearing animals in the dark also 
requires the use of night vision goggles, which must be of sufficient quality and fit to allow routine tasks 
to be conducted adequately, including animal health checks. It is also important to remember that more 
than one pair of goggles will be required to ensure continuity of care in case one pair becomes damaged.

Electrical outlets and switches throughout high-water-use areas, such as cage washing areas and high 
moisture holding rooms (e.g., aquatics, flushed runs, and rooms that are hosed down), should be ground 
fault interrupted (GFI) and have moisture-resistant covers. In addition, grounded (three-prong) plugs 
should be standard for all equipment throughout the program.

The use of lasers and ultraviolet (UV) light is becoming more common in the laboratory and animal 
facility. Both areas require controlled access to the area when the laser or UV light is in use, and appro-
priate signage to warn personnel entering of the potential danger. Depending on the power and nature 
of the laser or intensity and wavelength of the UV light, appropriate eye and skin protection is required.

With the development of magnetic resonance imaging (MRI), electromagnetic hazards have become 
prevalent in animal care and use programs. It must be understood that the MRI magnet is always on. 
Because of the strong magnetic field created by the equipment, any ferromagnetic object brought into the 
scanner room or critical zone of the equipment will become magnetized and can become a dangerous 
projectile that could injure personnel and damage equipment. These high magnetic fields can also cause a 
life-threatening situation in individuals with implanted pacemakers, stents, and aneurysm clip implants. 
Body piercing jewelry can move when brought within the magnetic field and, in some cases, generate 
heat and cause burns. This is also true for some transdermal patches, tattoos, and foreign bodies, which 
may contain metallic components. Individuals who may be pregnant should consult with their health 
physicist or safety officer before working in close proximity to potential magnetic field hazards. Here 
again, appropriate signage and training is critical to the management of these electromagnetic hazards.

Chemical Hazards

Potential chemical hazards are numerous, but manageable, in the modern research laboratory and animal 
facility. It is important to always check with your safety specialist on the appropriate use and storage of 
potentially hazardous chemicals. Depending on the chemical hazard, chemical showers and/or eye wash 
stations may be required in the area. In addition to the product labeling, the material safety data sheets 
(MSDSs), or what are now commonly called safety data sheets (SDSs), are a good source of information 
and should be readily accessible to staff within the area using the material.

Acids, bases, and caustic and corrosive chemicals should be stored on shelving or in cabinets that 
are low to the floor. Ideally, these items should also be placed in a secondary container, such as a spill 
tray. The secondary containment should be big enough to contain the spill of the largest container being 
stored. Ideally, acids and bases should be stored away from each other, in separate secondary contain-
ment areas. Since vapors may escape a container, the cabinet or area where chemicals are stored should 
be ventilated or located near a ventilation system, such as a fume hood. Never store corrosive chemicals 
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under a sink where the vapors may cause corrosion of plumbing fixtures. Ideally, shelves used to store 
any chemical should be designed with “endcaps” to prevent containers from accidently being pushed off 
the end.

In all cases, appropriate signage should be present where chemical hazards are present. Care should 
be taken to ensure that standard operating procedures outline the appropriate use and storage of the 
chemicals, required PPE, and disposal requirements.

Fire Hazards

Many types of fire hazards and flammable materials are present in the animal laboratory and facility. 
The National Fire Protection Association (NFPA) categorizes potential fire hazards by class, where 
each class indicates the nature of the flammable or combustible material. Class A hazards are ordinary 
combustibles, Class B flammable liquids, and so forth. Most combustibles within an animal facility fall 
into Classes A and B. The NFPA further classifies the area in which fire hazards are stored into three 
classifications: light (low) hazard, ordinary (moderate) hazard, or extra (high) hazard. Light (low) hazard 
areas include offices, classrooms, and meeting areas. Ordinary (moderate) hazard areas are areas where 
the quantity and combustibility of material is moderate, such as light manufacturing areas, research 
operations, parking garages, workshops, or maintenance and service areas. Extra (high) hazard areas are 
areas that store or use high volumes of flammable material.

The proper storage of Class B liquids is determined by the material’s flash point, the lowest tempera-
ture required for the liquid to produce a vapor that can propagate a flame. Programs must evaluate the 
MSDSs or SDSs of each substance to ensure that their handling and storage are in compliance with all 
OSHA laws and regulations. Flammable liquids are common in necropsy, surgery, and diagnostic areas 
of an animal facility. Smaller quantities of Class B liquids can be stored openly in the laboratory or facil-
ity; however, larger quantities will require storage in explosion-proof cabinets or refrigerators.

Noise Hazards

As stated above under the “Hearing Protection” section, animals and the equipment used for their care 
may produce sufficient noise to be considered a hearing hazard. Small rodent species rarely pose a noise 
hazard, larger species (e.g., dogs, pigs, and nonhuman primates) can create enough noise during routine 
husbandry to pose a serious threat. This is also true for many areas of an animal facility housing noise-
generating equipment (e.g., cage washers, pressure washers, and vacuums). The magnitude of the prob-
lem is equated with the number of animals present, the acoustics of the room they are housed in, and the 
required personnel exposure time.

Depending on the acoustics of the room and the nature of the sound generated by the animals or 
equipment, engineering controls should be considered prior to requiring hearing protections in the area. 
The magnitude of sound generated can often be dampened by modifying the room acoustics by varying 
the room surfaces or other structural relationships. Unfortunately, many common sound-dampening 
surfaces are unable to be sanitized and are permeable to moisture and dirt. The net result is that they 
are unusable in the animal facility. That being said, removable and sanitizable acoustic panels (e.g., 
Soundbreak™) have been used successfully in animal facilities to decrease noise levels by up to 10 dB.

Sharps Hazards

Sharps hazards can be found throughout the animal laboratory and facility environment. Inappropriately 
handled needles, syringes, pipettes, scalpels, broken glass, and other sharp equipment (e.g., damaged 
caging) can result in traumatic tissue injuries. In addition to the tissue trauma, these injuries can also 
carry a risk of contamination from pathogenic, zoonotic, and chemical agents. Although minimizing the 
use of sharps is the idea method for reducing this hazard, it is critical that personnel be trained on how 
to safely handle and dispose of sharps. The disposal of sharps must be in compliance with all local regu-
lations and policies. The use of appropriately labeled puncture-resistant, leak-proof containers for the 
disposal of sharps is imperative. It is recommended that needles not be recapped, bent, cut, or removed 
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from syringes, and one should never attempt to compact the contents of the container. Many products 
are marketed today to aid in the prevention of needle sticks and sharp hazards. For example, needle and 
scalpel shields, which are integral to the needle or scalpel itself, can shield the point or edge to protect 
personnel once the procedure has been completed. If recapping a needle or removal of the scalpel blade 
from the scalpel handle is necessary, personnel should be trained on the appropriate method to be used, 
for example, using a one-handed technique to hold the syringe with attached needle while picking up the 
needle cap from a flat counter surface. Scalpel blades should never be removed from the handle by hand. 
The use of a long needle holder or hemostat to grasp and remove the blade is a safer alternative.

Animal-Related Hazards

Bites, Scratches, and Other Animal-Related Physical Injuries

Although mostly preventable, potential hazards related to animal bites, scratches, kicks, and crushing 
injuries are ever present in the laboratory animal environment. Animal-related hazards fall into two 
broad categories, physical and biological. Physical injuries are the result of the mechanical damage 
to tissue caused by an animal’s bite, scratch, or direct trauma. Biological injuries are secondary to the 
inoculation of the wound site with microbial pathogens or zoonotic agents present in or on the animal’s 
mouth, skin, or nails (e.g., B-virus, rabies virus, and methicillin-resistant Staphylococcus aureus). Most 
animal-related injuries are the result of direct human animal contact during periods of animal transfer, 
restraint, or other procedure.

The proper handling and restraint of an animal is the most effective way to protect both the personnel 
and animals. Chemical restraint is often used to provide a safe working environment for both person-
nel and animals. When chemical restraint is not possible or practical, consideration should be given to 
acclimatizing the animal prior to the procedure using positive reinforcement training and desensitiza-
tion techniques. Personnel working with awake animals must be trained in the normal behavior of the 
species, as well as their behavior under distressful situations. Training on the appropriate restraint tech-
niques for the species, coupled with appropriate PPE, will help prevent physical injury. When working 
with animals, it is important to control as many of the environmental variables as possible, while insur-
ing the humane handling of the animal. Ideally, the environment should be quiet and free from distrac-
tions. All required restraint equipment should be in good working order and readily accessible prior to 
working with the animal. Animals not previously acclimated to being restrained often become defensive 
and aggressive. Personnel should remain calm and move smoothly with confidence and purpose, while 
trying to anticipate the animal’s reaction and movements.

Various bite-resistant gloves manufactured out of Kevlar® and/or stainless steel mesh are on the mar-
ket today. Many of the gloves can be worn over moisture-impermeable gloves or under other protective 
gloves to reduce punctures secondary to animal bites. When working with some species (e.g., nonhuman 
primates), arm-length, bite-resistant gloves, usually manufactured of leather or a similar material, should 
be used to protect both the hand and forearms. It should be noted that protective gloves may not prevent 
the animal from biting or causing injury, but they are effective in preventing the bite from breaking the 
skin. The main disadvantage of most gloves is that they greatly reduce the tactile ability and mobility 
of the user.

All animal bites, scratches, and other related injuries should be taken seriously, and a determination 
should be made by trained occupational medical personnel whether subsequent treatment of the injury 
is required. Animal-related injuries should be logged, tracked, and periodically reviewed by program 
management and safety personnel. This review should identify predisposing factors and possible train-
ing gaps and then stimulate program modification to improve injury awareness and prevention efforts. 
Retraining of current personnel may also be required to prevent reoccurrences.

Allergens

Workers may develop allergic reactions to an animal protein, also referred to as an allergen. These 
allergens are found in dander, hair, urine, and saliva. Some personnel working with animals become 
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sensitized over time, whereas many never become sensitized. Those who develop allergic reactions often 
do so within the first 12 months of contact with an animal at home or in the workplace. In rare situa-
tions, individuals may not display signs of developing an allergy for several years. The earliest symptoms 
typically consist of upper airway and skin complaints, such as nasal congestion or stuffiness, a “runny” 
nose with nasal drainage, sneezing, red and irritated eyes, skin itching, and hives. More advanced cases 
display lower airway findings, such as coughing, wheezing, shortness of breath, asthma, and in rare 
circumstances, life-threatening anaphylaxis. The proposed mechanism for these reactions is an immu-
nological and physiological sensitization to specific animal proteins (allergens). Animal allergens can 
be carried through the air and potentially contaminate all surfaces within an animal facility or animal 
laboratory. Allergens tend to stick to fur, dander, bedding, and dust. Individuals working directly with 
animals or in an area contaminated by animal allergens can carry the allergens out of the area on their 
hair and clothing. Exposure to antigens can be through inhalation of airborne particles, ingestion, or 
direct contact with the skin or eyes.

Although all animal proteins can be allergenic, some species may pose more of a problem than others. 
Rabbit and cat allergies are common, whereas allergic reactions to nonhuman primates and aquatic spe-
cies are less common (NRC 1997). Several factors are associated with an individual’s risk of developing 
an allergic reaction: the individual’s immune system, and the intensity, frequency, and route of exposure 
to the animal allergens. Some activities have a higher RoE than others, for example, cage changing. The 
worker at greatest risk for developing an allergic reaction to laboratory animal proteins is the worker 
who has a history of allergic reactions to household pets. Individuals with a personal history for asthma, 
seasonal sinus problems, eczema, and other allergies are also at increased risk for developing an allergic 
reaction to laboratory animal proteins.

Individuals entering a laboratory animal program should be evaluated for existing animal-related 
allergies and educated on protective measures. The goal in the workplace is to minimize the chances 
that workers will inhale or have skin contact with animal-related allergens. Allergen risks can be mini-
mized or eliminated by the use of appropriate engineering controls, such as air containment devices (e.g., 
biological safety cabinets and chemical fume hoods) and waste handling equipment (e.g., HEPA-filtered 
bedding dump stations). Respiratory exposures can also be further controlled by housing animals in 
filter-topped cages and working in a well-ventilated area, such as a room with nonrecirculating room air 
or near a fume hood. The Guide states that PPE should be used to supplement but not to replace engineer-
ing and process controls.

In animal facilities and laboratories using animals, signage that identifies hazards should be clearly 
posted (Figure 14.5). Policies and procedures should be developed to minimize the environmental burden 
of the allergens through the decontamination of work areas and, where possible, working with animals 
in a biological safety cabinet or fume hood. The use of containment caging systems such as microisola-
tor caging has also helped to reduce the environmental burden of allergens. To prevent allergens from 

Animals present

NIH Laboratory Animal Allergy Prevention
Program (LAAPP) in effect

Consult with the principal investigator
prior to entry

FIGURE 14.5 Example of animal hazard signage.
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leaving the facility or animal laboratory, consideration should be given to working in a negative-air-
pressure room and ensuring that PPE (e.g., lab coats) are not worn outside of the area. Ideally, lab coats 
should be disposable. If nondisposable coats are worn, they should be commercially laundered on a 
frequent basis.

Standard operating procedures should promote the frequent washing of hands and forearms with soap 
and water while working and prior to leaving the area. Although alcohol-based hand rubs can be used 
to reduce skin pathogens, they are not effective for allergens and are not a substitution for hand washing 
with soap and copious rinsing with free-flowing water.

Most individuals do not require respiratory protection when working with or around animals, although 
a dust or mist face mask may be helpful to reduce exposure to antigens and larger particles, such as hair 
and dust. In situations where respiratory protection from particulates is required, the use of a disposable 
filtering face respirator, such as an N-95, or other negative-pressure respirator, such as a PAPR, can pro-
vide the needed protection. Individuals using an N-95 respirator or other respirator should be enrolled 
in the institutional respiratory protection program. Contact allergies can be prevented by protecting eyes 
and exposed skin with appropriate PPE (e.g., goggles, long sleeves, and gloves).

Zoonotic Diseases

Many of the animals used in the laboratory can harbor potentially zoonotic infections. The likelihood 
of an animal possessing a zoonotic disease is greatest in wild-caught or random-source animals, where 
historical information and health data are minimal or lacking. Today, many animals can be procured 
from captive breeding colonies with a long history of effective programs of disease detection, diagnosis, 
treatment, and prevention. Using animals from colonies with a known history and disease status, coupled 
with the development of appropriate standard operating procedures for PPE and animal handling, has 
helped to make the transmission of zoonotic diseases in the modern laboratory animal facility a rare 
occurrence.

Although the transmission of zoonotic diseases is rare, some animals must be obtained from the wild 
or from random sources, and some zoonotic diseases are hard to detect or eliminate from captive-bred 
animals. A few notable examples are B-virus in Old World macaques, Q fever and contagious ecthyma 
in small ruminants, cat scratch fever in felines, and mycobacteriosis in fish and frogs. In addition, when 
working with animals believed to be free of zoonotic diseases, care must be taken not to introduce 
potential zoonotic agents through the use of contaminated tumors, cell lines, biological agents, or other 
products. Disease-free colonies have also been contaminated by the inadvertent introduction of feral 
animals or food or bedding that has been contaminated prior to use.

To prevent the transfer of zoonotic agents, wound care of animal injuries is of critical importance. 
Depending on the agent in question, programs should develop standard operating procedures for the 
first aid of wounds and in some cases mucous membrane contaminations. These procedures should be 
developed in consultation with both medical and safety specialists who are knowledgeable of the poten-
tial zoonotic risks associated with each species used within the program. The procedures should address 
both the immediate care to be provided at the time of the injury and any required follow-up care.

Detailed information on potential zoonotic agents associated with laboratory animals can be found in 
many publications and reports (NRC 1997; Fox et al. 2015). The following provides a brief overview of 
the most important zoonotic pathogens associated with common laboratory animals. In addition, Table 
14.5 to Table 14.15 provide suggested guidelines for procedures and PPE used within the program at the 
NIH in Bethesda, Maryland. It must be noted that the suggested PPE outlined in the next sections repre-
sents only the guidance provided as a framework for the establishment of best practices. The guidelines 
were compiled by a team consisting of laboratory animal veterinarians, facility managers, and safety 
and occupational medical specialists. The guidelines were subsequently adopted by the NIH Animal 
Research Advisory Committee.

Nonhuman Primates

Although humans and nonhuman primates share many of the same diseases (Table 14.5), the pathogen-
esis of an organism can vary widely between humans and other primates. An organism can be relatively 
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asymptomatic in one species, while having devastating consequences in another. For example, B-virus 
can produce a life-threatening disease in humans, while in Old World macaques it produces a mild 
clinical disease similar to human cold sores secondary to human simplex virus. While most nonhuman 
primates are extensively tested in quarantine or originate from captive-bred colonies, these animals 
can still harbor zoonotic diseases. In addition, the nonfixed tissues from nonhuman primates can carry 
potential pathogens and require special handling. Therefore, it is critical for a program to develop a 
dynamic training program to educate personnel on the potential hazards and steps required to protect 
their safety and health.

TB can be a devastating disease in both humans and nonhuman primates. Ideally, a program should 
be implemented for the routine testing of both the individuals working with nonhuman primates and the 
nonhuman primates used within the program. The prevalence of TB in both humans and animals is high 
in many parts of the world. Recently, the United States has experienced the smallest decline in more than 
a decade in the number of TB cases, as well as an increase in the number of multiple-drug-resistant TB 
strains (http://www.cdc.gov/tb/publications/factsheets/statistics/TBTrends.htm). Although vaccination is 
used in some parts of the world in both animals and humans, it does not prevent infection, but only the 
growth of the organism and development of clinical disease. Therefore, vaccination is not recommended 
or used as a method of control in the United States. The foundation of most TB control programs is the 
testing of both humans and animals using a tuberculin sensitivity skin test. Programs should develop 
standard operating procedures for the testing of staff and animals, to include the methodology, test 
frequency, test interpretation, and handling of positive animals. Because false-positive skin tests are 
possible, consideration should be given to retesting using the same or a different site and/or methodology.

Measles (rubeola) is a highly communicable disease in humans, New World, and Old World non-
human primates (Fox et al. 2015). Outbreaks arise in nonhuman primates from contact with humans 
infected with the virus or humans who have carried the virus from home on their body or clothing. It has 
been reported that the measles virus can survive in the external environment for approximately 4 days 
(Walther and Ewald 2004). Therefore, prevention programs should stress the importance of vaccinating 

TABLE 14.5

Relevant Zoonotic Diseases in Laboratory Nonhuman Primates

Zoonosis Agent Route of Transmission

Diarrhea; gram-negative 
sepsis

Enterobacteriaceae: Salmonella spp., 
Shigella spp., Campbylobacter spp., 
Yersenia spp.

Fecal-oral

Protozoal diarrhea Entamoeba histolytica, Giardia spp., 
Balantidium coli, Cryptosporidium spp.

Fecal-oral

Tuberculosis Mycobacteria tuberculosis, 
Mycobacteria bovis

Splash, spray, inhalation of aerosols

B-virus meningoencephalitis Macacine herpesvirus 1 Bite, scratch, splash exposure of mucous 
membranes, or blood/tissue exposure to 
contaminated instruments, needles, and 
equipment (e.g., cages) 

Hepatitis Hepatitis A virus, hepatitis E virus Fecal-oral

Rabies Rabies virus (Lyssavirus) Wound or bite, contact with saliva or brain

Measles Rubeola virus Splash/spray, aerosols, contact with 
contaminated fomites

Foamy virus Spumavirus Direct blood/tissue contact with infected 
tissue or contaminated materials

Herpes simplex Herpes simplex Direct contact

Helminths Oesophagostonum spp., Strongyloides 
spp.

Fecal-oral

Dermatomycosis (ringworm) Trichophyton spp. Direct contact

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.
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TABLE 14.6

Personnel Protective Equipment Guidelines for Personnel Working in Nonhuman Primate Facilities: Risk 
Assessment and Suggested PPE

Requirements: The appropriate protection for specific work depends on the degree of risk involved. In general, work 
activities can be characterized as low, moderate, or high risk, as detailed in the table. If a particular activity is not listed, 
use the example that provides the nearest match. Donning a street clothes covering (e.g., disposable lab coat/jumpsuit or 
dedicated lab coat/uniform) is required to enter a nonhuman primate facility.a Thorough washing of hands is recommended 
when exiting any animal facility or laboratory. These areas are not designated and posted as a hazardous work area.b 
The following provides a framework for the establishment of best practices for PPE.

Activity 
Risk Level Description
Low • Working environment: Does not support the generation of splashes or droplets.

• Animal activities: Slight risk or no risk of direct contact with restrained, sedated, or anesthetized 
Old World nonhuman primates (NHPs) or their unfixed tissues.

• Equipment contact: Slight risk or no risk of contact with equipment and surfaces that have been in 
contact with Old World NHPs, or their unfixed tissues.

• Proximity risk: Very low (personnel can stay out of the proximity [>3 ft] of the face of restrained, 
sedated, or anesthetized Old World NHPs, as well as unfixed Old World NHP tissues or body fluids 
where very low or no splash risk exists).

Moderate • Working environment: Supports the generation of splashes, but not aerosols. Work in proximity 
(<3 ft) of an awake macaque, the face of a sedated or anesthetized macaque, an unfixed Old World 
NHP brain and spinal tissue, or cerebrospinal fluid (CSF) where a splash potential is present.

• Animal activities: Direct contact, proximity (<3 ft), or the possibility of direct contact with an awake 
Old World NHP or work within the proximity of the face of a sedated or anesthetized macaque.

• Equipment contact: Activities may generate splashes from equipment and surfaces that have been 
in contact with a macaque, the unfixed brain, spinal tissue, or CSF from an Old World NHP.

• Proximity risk: Personnel cannot always stay out of the proximity (≥3 ft) of the face, restraining 
device, or cage of an Old World NHP, as well as the unfixed tissues or body fluids where a splash 
risk exists.

High • Working environment: Supports the generation of both splashes and aerosols.
• Animal activities: Direct contact with live (i.e., awake, sedated, or anesthetized) or dead Old World 

NHPs or their unfixed tissues and body fluids.
• Equipment contact: Activities that have the potential to generate aerosols from equipment and 

surfaces that have been in contact with live or dead Old World NHPs or their unfixed tissues and 
body fluids.

a Dedicated or disposable long-sleeved uniform/scrubs or lab coat; jumpsuit or coveralls required to cover exposed skin 
on the arms or legs.

b ABSL-3, ABSL-4, and radioactive work environments may require additional PPE; NHP work areas are considered 
ABSL-2.

Code Suggested PPE Protection of From

B Specialized arm-length, bite-resistant gloves Personnel Bite/scratch

G Moisture-impermeable gloves Personnel Scratch

M Mucous membrane protection (goggles + surgical 
face mask, face shield)

Personnel Splash and droplets

R Respiratory protection (respirator, N-95 respirator, 
PAPR)

(Note: Most PAPRs provide concurrent eye 
protection)

Personnel Aerosols

H Hair bonnet or lab coat protection of shoulder 
length or longer hair (required if in an animal 
holding room or in proximity of an awake NHP)

Personnel Mechanical injury

S ± Shoe covers or facility-dedicated shoes as 
defined by the facility/program standard 
operating procedures

Personnel Soiling and 
contamination

E Eye protection (goggles, approved safety glasses) Personnel Splash and droplets

(Continued)
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TABLE 14.6 (CONTINUED)

Personnel Protective Equipment Guidelines for Personnel Working in Nonhuman Primate Facilities: Risk 
Assessment and Suggested PPE

Example Activities

Street Clothes 
Covering plus PPE 

Codes

Facility corridor activities S

Entering an NHP animal room containing New World NHPs with no direct contact with the 
animals/caging

(Note: Requires face mask for animal protection)

G, S

Entering an NHP animal holding room containing Old World NHPs with no direct contact 
with the animals/caging

G, H, M, S

Entering a room containing a restrained, sedated, or anesthetized Old World NHP with no 
proximity contact (≥3 ft) of an animal or equipment

Nothing additional

Contact with an enclosed restraint chair holding an awake, “non-head-fixed” Old World NHP G, M

Proximity (≤3 ft) to the front of an enclosed restraint chair holding an awake, “head-fixed” 
Old World NHP

G, M

Proximity (≤3 ft) to the rear of an enclosed restraint chair holding an awake, head-fixed Old 
World NHP

G

Proximity (≤3 ft) to a nonenclosed restraint, transfer device, or cage holding an awake 
macaque

G, H, M, S

Transfer of an alert macaque using a stand-off method, such as pole/collar technique or 
transfer cage

G, H, M, S

Transferring alert macaques into clean caging or transport cages G, H, M, S

Hand transfer of an awake New or Old World primate G, H, M, S, B

Hand transfer of an anesthetized Old World primate G, H, M, S

Hand transfer of an Old World primate that is awake or lightly sedated (e.g., recovering from 
anesthesia)

G, H, M, S, B

Enclosed cart transport of an anesthetized Old World primate
(Note: Mucous membrane protection must be available)

G

Open cart transport of an anesthetized Old World primate within an animal facility, staying 
out of the proximity of the animal’s face

(Note: Mucous membrane protection should be available)

G, S

Minor procedures on a restrained or sedated animal (suture removal, venipuncture, physical 
exam, anesthesia monitoring, etc.) where the individual cannot always stay out of the 
proximity of the face of the Old World NHP

G, M

Procedures on an anesthetized Old World NHP staying away from the face (e.g., suture 
removal, venipuncture, or physical exam)

G

Intubation of an anesthetized Old World NHP G, M

Evaluating or placing electrodes in an implant cylinder from behind a chaired awake macaque 
with its head fixed

G

Cleaning the cranial cylinders of an awake macaque with its head fixed with flush solutions, 
etc.

G, M

Physiology or behavior lab activities conducted remotely while the animal is fully enclosed in 
a chair, separate room, or test box

No additional PPE 
required

Operating room procedures not in proximity (≤3 ft) of the anesthetized macaque and not 
touching equipment or surfaces previously in contact with the animals, a non-aerosol-
forming environment

S

Operating room or dissection procedures that that do not produce splashes or droplets in a 
macaque

G, S

Operating room or necropsy procedures with the potential to produce splashes, but not 
aerosols in a macaque

(Note: When using an operating microscope, the scope can replace ocular splash protection at 
the time of use)

G, M, S

(Continued)
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the workforce and educating individuals of the risk they pose to nonhuman primates if they have come 
in contact with an individual who has measles. Depending on the availability of a vaccine, programs 
should also consider the vaccination of nonhuman primates. Whether vaccinating humans or animals, 
it is important to determine if a protective titer had been reached through subsequent serology testing.

B-virus is enzootic among monkeys of the genus Macaca and causes minimal morbidity in its natural 
host. In contrast, infections in humans, New World, and other Old World monkeys are often fatal and 
present with rapidly ascending encephalomyelitis. Although this infection remains an uncommon result 
of macaque-related injuries, the increase in the use of macaques for research on simian immunodefi-
ciency virus (SIV) and other potentially stressful conditions has expanded the number of opportunities 
for human exposure. Like the human herpes simplex virus, B-virus can reside in the nervous system, 
where it becomes latent and is only shed when the animal becomes stressed or the immune system 

TABLE 14.6 (CONTINUED)

Personnel Protective Equipment Guidelines for Personnel Working in Nonhuman Primate Facilities: Risk 
Assessment and Suggested PPE

Operating room or necropsy procedures with the potential to produce aerosols in a macaque 
(striker saw, etc.)

G, E, R, S

Dental or oral surgery procedures that do not produce aerosols G, M

Dental or oral surgery procedures that do produce aerosols (e.g., Cavitron® or high-speed 
rotary drill)

G, E, R

Proximity contact with an infant macaque G, M, S 

Mop sanitizing of an Old World NHP room/wipe-down of contaminated cages or other 
equipment

G, M, S

Sanitizing an NHP room with a pressure washer or hose/hose-down of soiled caging or other 
equipment

G, E, R, S

Experiments in laboratories that involve fixed Old World NHP tissue or body fluids G

Experiments in laboratories that involve nonfixed Old World NHP tissue or body fluids other 
than brain, spinal cord, or CSF

G

Experiments that involve nonfixed nervous tissue or CSF from an Old World NHP with the 
potential to produce splashes, but not aerosols

G, M

Experiments that involve nonfixed nervous tissue or CSF from an Old World NHP that have 
a potential to produce aerosols

G, E, R

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.

TABLE 14.7

Relevant Zoonotic Diseases of Rodents and Rabbits

Zoonosis Agent Species Route of Transmission

Rat bite fever Streptobacillus moniliformis, 
Spirillum minus

Rodents Bites, fecal-oral 
(S. moniliformis) 
Bites (S. minus)

Lymphocytic choriomeningitis LCM virus Rodents Aerosol, bites, direct 
contact, fecal-oral

Hantavirus pulmonary syndrome Hantavirus Rodents Aerosol

Cheyletiellosis Cheyletiella parasitivorax Rabbit Direct contact

Dermatophytosis (ringworm) Trichophyton sp., Microsporum sp. Rodent, rabbit Direct contact

Tapeworm Hymenolepis nana Rodents Fecal-oral

Tularemia Francisella tularensis Rabbit Ingestion/aerosol

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.
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suppressed. It is also important to remember that B-virus infection can also occur subsequent to exposure 
to nonfixed macaque tissues and products (e.g., brain, spinal cord, nerve, and cell cultures).

B-virus can produce oral or urogenital lesions in macaques, and the virus has been found in ocular 
secretions and saliva. Transmission is commonly through direct bites and scratches, but airborne drop-
lets can pose a splash hazard through the exposure of mucous membranes. It is also important to remem-
ber that injuries with inanimate objects contaminated with the virus (e.g., needles, scalpels, and cages) 
can also pose a hazard risk. Although serologically B-virus-negative macaques can be procured today, 
as many are bred in virus-negative captive breeding colonies, it is critical to remember that all macaques 
must be handled as though they are potentially infected because viral shedding is intermittent and viral 
serology may not accurately reflect the animal’s viral status, even with repeated testing.

TABLE 14.8

Protective Clothing Requirements for Personnel in Rodent and Rabbit Facilities: Risk Assessment and 
Suggested PPE

Considerations: In rodent and rabbit facilities, PPE functions to reduce staff exposure to allergens and protect animals 
from infectious agents. The type of PPE needed depends on multiple factors, including the use of allergen-reducing 
equipment, such as ventilated racks and biosafety cabinets, the susceptibility of the animal colony being housed, and 
the activity being performed. Donning a street clothes covering (e.g., disposable lab coat/jumpsuit or dedicated lab 
coat/uniform) is required to enter a rodent and rabbit facility or room at the NIH. Thorough washing of hands is 
recommended when exiting any animal facility. The following provides a framework for the establishment of best 
practices for PPE.

Activity Risk 
Level Description

Low risk Entering area with no anticipation of physical exposure to animals or soiled caging

Moderate risk Exposure to animals, animal allergens, or nonbiohazardous soiled caging

High risk Potential exposure to biohazardous material or zoonotic agents

Code Suggested PPE Protection of From

G Moisture-impermeable gloves Personnel Animal allergens; zoonotic, 
biologic, and chemical agents

H ± Hair bonnet/covering as defined by facility 
standard operating procedures

Animals, personnel Dust and hair, carried animal 
pathogens, animal allergens

R Surgical face mask, dust/mist face mask, N-95 
respirator

Animals, personnel Animal pathogens, animal 
allergens, airborne particulates

C Respirator with appropriate cartridge Personnel Infectious aerosols, chemical 
vapors

Example Activity
Street Clothes Covering plus 

PPE Code (s)a

Corridor activities H

Enter animal holding room for brief visual inspection without opening a cage H

Contact with primary and rodent enclosures H

Opening an animal cage H, G, R (recommended)

Direct contact with animals H, G, R (recommended)

Cage change in biosafety cabinet H, G, R (recommended)

Cage change on cart within a holding room H, G, R (dust/mist face mask, 
recommended)

Cage change using sterilant-level disinfection (200 ppm) H, G, C

Biohazardous and radioactive studies As required by study

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.

a Additional mucous membrane protection may be required by individuals with known sensitivities to various species. 
Individuals are encouraged to consult with their safety representatives for further information.
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The development of appropriate bite, scratch, and splash exposure care policies, procedures, and train-
ing on the handling of bites, scratches, and splashes of body fluids from macaque monkeys or other 
injuries from equipment contaminated with body fluids is critical to ensuring the health and safety of 
individuals working with these animals. The adequacy and timeliness of wound decontamination proce-
dures are the most important factors determining the risk of infection after exposure to B-virus (Cohen 
et al. 2002). Thorough cleaning within 5 minutes of injury or exposure is the best means of preventing 
B-virus contamination from progressing to actual infection. Studies have demonstrated that B-virus may 

TABLE 14.9

Relevant Zoonotic Diseases of Laboratory Carnivores

Zoonosis Agent Species Route of Transmission

Bite and scratch bacterial agent Capnocytophaga canimorsus Dog, cat Direct contact

Cat scratch disease Bartonella henselae (Cat scratch 
fever)

Cat Bite, scratch

Pasturellosis Pasturella multocida Dog, cat Bite, scratch

Rabies Rabies virus (Lyssavirus) All Wound or bite, contact with saliva 
or brain

Dermatomycoses (ringworm) Microsporum sp., Trichophyton 
sp.

Dog, cat Direct contact

Acariasis Sarcoptes scabei Dog, cat Direct contact

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.

TABLE 14.10

Protective Clothing Requirements for Personnel in Carnivore Facilities: Risk Assessments and Suggested PPE

Considerations: In carnivore facilities, PPE functions to reduce staff exposure to allergens and noise and to protect staff 
from infectious agents. Shoe covers or facility-dedicated footwear and hearing protection are required to enter a carnivore 
facility at the NIH. Thorough washing of hands is recommended when exiting any animal facility. The following provides a 
framework for the establishment of best practices for PPE.

Activity Risk Level Description

Low risk Entering area with no anticipation of physical exposure to animals or soiled caging

Moderate risk Exposure to animals, animal allergens, or nonbiohazardous soiled caging

High risk Potential exposure to biohazardous material or zoonotic agents

Risk Code Suggested PPE Protection of From

G Moisture-impermeable gloves Personnel Scratch

E Eye protection (goggles, approved safety glasses) Personnel Splash and droplets

M Mucous membrane protection (goggles + surgical face 
mask, face shield)

Personnel Splash and droplets

R Respiratory protection (respirator, N-95 respirator, 
PAPR)

(Note: Most PAPRs provide concurrent eye protection)

Personnel Aerosols

Example Activity
Shoe Cover and Hearing Protection plus 

Codes

Entry into animal holding areas None additional

Direct contact with animals G

Cleaning animal holding areas (indoor or outdoor) G, M

Contact with animals with biohazardous agent G, M, R (when indicated)

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.
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TABLE 14.11

Relevant Zoonotic Diseases of Ungulates

Zoonosis Agent Species Route of Transmission

Q fever Coxiella burnetti Sheep, cattle, 
goats

Aerosol, or direct contact, especially 
when dealing with the products 
of conception

Contagious ecthyma (Orf) Pox virus Sheep, goats Direct contact

Tuberculosis Mycobacterium bovis, 
Mycobacterium avium, or 
Mycobacterium tuberculosis

Swine, sheep, 
goats

Aerosol, or direct contact

Campylobacteriosis Campylobacter jejuni Swine, sheep, 
cattle

Fecal-oral

Dermatomycoses 
(ringworm)

Trichophyton or Microsporum 
spp.

Cattle, sheep, 
goats, swine

Direct contact

Bovine spongiform 
encephalopathy

Prion Cattle Direct blood/tissue contact with 
infected tissue or contaminated 
material (e.g., brain, spinal cord, 
or ocular/retina)

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.

TABLE 14.12

Protective Clothing Requirements for Personnel in Ungulate Facilities: Risk Assessments and Suggested PPE

Considerations: In ungulate facilities, PPE functions to reduce staff exposure to allergens and protect staff from infectious 
agents. Shoe covers or facility-dedicated footwear is required to enter an ungulate facility at the NIH. In addition, hearing 
protection is required for some swine holding areas. Thorough washing of hands is recommended when exiting any animal 
facility. Steel-toed safety shoes should be worn when working with larger ungulates. The following provides a framework 
for the establishment of best practices for PPE.

Activity Risk Level Description

Low risk Entering area with no anticipation of physical exposure to animals or soiled caging

Moderate risk Exposure to animals, animal allergens, or nonbiohazardous soiled caging

High risk Potential exposure to biohazardous material or zoonotic agents

Risk Code Suggested PPE Protection of From

G Moisture-impermeable gloves Personnel Scratch

E Eye protection (goggles, approved safety glasses) Personnel Splash and droplets

M Mucous membrane protection (goggles + surgical face 
mask, face shield)

Personnel Splash and droplets

R Respiratory protection (respirator, N-95 respirator, 
PAPR)

(Note: Most PAPRs provide concurrent eye protection)

Personnel Aerosols

Example Activity
Shoe Cover plus 

Codes

Entry into indoor animal holding areas None additional

Entry into outdoor pens, runs, stables, etc. None additional

Direct contact with animals G

Cleaning animal holding areas (indoor or outdoor) G, M

Contact with pregnant sheep, goats, or cattle during parturition, their birth products, or bedding 
and other wastes

G, M, R (when 
indicated)

Contact with animals with biohazardous agent G, M, R (when 
indicated)

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.
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enter host cells within 5 minutes of exposure. Therefore, sponge scrubbing the wound with povidone-
iodine or chlorhexidine surgical scrub under running water for 15 minutes is recommended. After the 
15-minute scrub, the wound should be rinsed thoroughly with water. For splash exposures to the mucous 
membranes of the eyes, mouth, or nose, the exposure site should be flushed with water or saline for 
15 minutes. Following the cleaning or flushing of the exposed area, personnel must report to a health care 
professional who is knowledgeable on B-virus and the associated hazards.

TABLE 14.13

Relevant Zoonotic Diseases of Laboratory Fish and Frogs

Zoonosis Agent Species
Route of 

Transmission

Mycobacteriosis Mycobacterium xenopi, Mycobacterium fortuitum, 
Mycobacterium marinum, Mycobacterium chelonei, 
Mycobacterium ulcerans

Fish, frogs Breaks in skin surface

Salmonellosis Salmonella spp. Frogs Breaks in skin surface

Vibriosis Vibrio vulnificus Fish Breaks in skin surface

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.

TABLE 14.14

Protective Clothing Requirements for Personnel in Fish and Frog Facilities

Considerations: In aquatic facilities, exposure to potential zoonotic agents or allergens occurs through direct contact with 
the fish or frogs or indirect contact through exposure to system water. Personnel safety includes the wearing of close-toed 
shoes with nonskid soles as the work environment includes wet floors. Waterproof gloves should be worn when holding or 
manipulating animals. Many husbandry tasks involve exposure to water without direct contact with animals. Use of gloves 
can limit exposure in some of these tasks; however, many routine tasks may involve immersing the hands into system 
water. In these situations, the gloves can trap system water against the skin, causing prolonged exposure and no opportunity 
for the skin to dry. Thus, some husbandry tasks involving contact with system water may be more appropriately performed 
without gloves. As with other animal facilities, thorough washing of hands when exiting is essential. Hand wash or hand 
sanitation stations should be available after exiting the aquatic facility. The following provides a framework for the 
establishment of best practices for PPE.

Activity Risk Level Description

Low risk Entering area with no anticipation of physical exposure to animals or system water

Moderate risk Exposure to animals, system water, or dirty tanks

High risk Potential exposure to biohazardous or chemically hazardous material

Risk/Code Suggested PPE From

G Moisture-impermeable gloves Zoonosis/allergen

M Face shield (mucous membrane protection) Zoonosis/allergen

Example Activity Suggested PPE Codes

Corridor activities None additional

Enter animal holding room for brief visual inspection without entering 
exposure to system water

None additional

Contact with system water (reaching into tank, reservoir) G/none additional

Netting fish/frogs G

Direct contact with fish/frog (manual collection of sperm/ova) G

Scrubbing tanks G

Biohazardous and chemically hazardous studies Based on risk assessment

Splash hazards (spraying with system water) M

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.
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TABLE 14.15

Protective Clothing Requirements for Personnel in Cage Wash Areas: Risk Assessments and Suggested PPE

Requirements: The appropriate protection for cage wash–related activities depends on the degree of risk involved. If a 
particular activity is not listed, use the example that provides the nearest match. Unless otherwise noted, a disposable 
street clothes covering, facility-dedicated uniform, or lab coat, and shoe covers or facility-specific steel-toed safety shoes 
must be worn. Thorough washing of hands is recommended when exiting any animal facility. The following provides a 
framework for the establishment of best practices for PPE.

Activity Risk Level Description

Low risk Entering area with no anticipation of physical exposure to caging or equipment

Moderate risk Procedures performed in wet areas or may involve exposure to high volumes of water; 
physical exposure to caging, bedding, water, and equipment

High risk Procedures that may actively aerosolize waste/fluids or generate potentially contaminated 
fluids at either a high velocity or high volume; exposure to large volumes of steam; 
exposure to chemicals; risk to mucous membranes 

Codes Hazards Suggested Additional PPE

B Mechanical injury Safety belt and safety training

C Chemical Appropriate gloves, respirator with appropriate cartridge

D Dust Dust/mist face mask

E Eye protection Goggles/face shield

G Contamination Gloves

G1 Heat/burn Heat-resistant gloves

M Mucous membrane Goggles and face mask, face shield, PAPR

N Noise Hearing protection (earplugs, ear muffs, etc.)

R Respiratory Respirator, N-95, PAPR

S Splash Rubber boots, waterproof apron

Example Activity
Street Clothes Covering and Shoe 

Cover plus PPE Codes

Transporting cages/equipment to and from cage wash area G, B

Dirty Side

When machinery is running, all activities N

Dumping cages M, S, G

Dumping water bottles S, G

Dumping acidified/chemically treated water bottles S, G

Loading equipment on tunnel washer and/or rack washer M, S, G

Dumping chemicals C, S, G

Handling nonhuman primate caging/equipment M, G 

Handling dumping nonhuman primate pans M, S

Loading autoclave before operating M, G

Loading ABSL-3 autoclave E, R, S, G

Emptying autoclave after operating G1, S 

Emptying autoclave of large amounts of hot liquids E, M, S

Cleaning/hosing down area E, M, S

Routine maintenance on cage wash machines G1, S

Visitors to dirty side ACTIVE See functions above

Visitors to dirty side PASSIVE –

Maintenance personnel to dirty side ACTIVE See functions above

Maintenance personnel to dirty side PASSIVE –

Clean Side

When machinery is running, all activities N

Offloading equipment from tunnel and/or rack washer while operational G1, S

Removing equipment from autoclave G1

(Continued)
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It is recommended that a program using Old World nonhuman primates develop a “macaque bite, 
scratch, and splash kit.” These kits should be located in convenient areas throughout Old World nonhu-
man primate work areas. The kits should be portable, self-contained units that include a list of instruc-
tions on how to use the kit, as well as the following items: (1) iodine and/or chlorhexidine surgical scrub 
brushes, (2) emergency room directions and instructions for emergency physicians, (3) a small quantity 
of oral antiviral medication to be taken as directed by a physician, and (4) viral culture swabs and media 
to be used by emergency personnel to test the wound. Following any human exposure, it is recommended 
that a complete physical be conducted on the involved animal by trained veterinary personnel, including 
serological testing.

Measures to prevent B-virus exposures center on the development of standard operating procedures 
to prevent macaque bites, scratches, and splashes through appropriate animal handling and PPE. A 
program should develop guidelines for ranking the potential hazard risk associated with various activi-
ties related to the husbandry and use of macaques in research (Table 14.6). Each risk level should be 
associated with the use of appropriate PPE for each activity. It should be noted that mucous membrane 
protection is defined as a device or combination of devices, which protect the mouth, nose, and eyes from 
splash or droplets, such as an approved full-face shield, approved safety glasses or protective glasses plus 
surgical face mask, approved surgical face mask and eye shield combination, form-fitting goggles plus a 
surgical face mask, or a PAPR. Approved full-face shields provide sufficient protection above the shield 
to prevent droplets from running down into the eyes and adequate side protection to prevent material 
from splashing into the eyes or mouth (Figure 14.6). Approved safety glasses or protective glasses must 
also meet the same requirement to protect the eyes from running droplets and side splashes. Because 
of individual variations in the shape of each person’s head and face, face shields and safety glasses may 
need to be evaluated and approved on an individual basis. In activities where aerosols may be formed 
and respiratory protection required, protection is defined as a device or combination of devices that 
protects the mouth, nose, eyes, upper airways, bronchi, and lungs from splashes, droplets, and aerosols. 
Respiratory protection includes the use of an approved full-face shield plus a surgical face mask or other 
approved respirator, form-fitting goggles plus a surgical face mask or other approved respirator, or a 
PAPR. The use of an N-95 respirator or form-fitting respiratory other than a PAPR should be approved 
through the program occupational medical service due to the potential risk when used by individuals 
with certain respiratory or cardiac conditions.

Rodents and Rabbits

Zoonotic diseases associated with rodent and rabbit use in the modern animal research laboratory and 
animal holding facility (Table 14.7) are uncommon due the availability and use of commercially avail-
able specific pathogen-free animals. In addition, the development of facility programs and policies for 
colony health monitoring and the importation and testing of noncommercially available animals and 

TABLE 14.15 (CONTINUED)

Protective Clothing Requirements for Personnel in Cage Wash Areas: Risk Assessments and Suggested PPE

Removing large amounts of hot liquids from autoclave E, M, S

Automatically bedding caging E, D

Manually bedding caging E

Preparing acidified water C, E, S 

Preparing chemicals C, E, S

Cleaning/hosing down area E, M, S

Routine maintenance on cage wash machines G1, S

Visitors to clean side ACTIVE (within 6 ft of above functions) See functions above

Visitors to clean side PASSIVE –

Maintenance personnel to clean side ACTIVE (within 6 ft of above functions) See functions above

Maintenance personnel to clean side PASSIVE –

Source: National Institutes of Health—Animal Research Advisory Committee, Guidelines for personnel protection in ani-
mal facilities, 2016, https://oacu.oir.nih.gov/sites/default/files/uploads/arac-guidelines/ppe.pdf.
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animal products has also helped to prevent the introduction of zoonotic agents into research colonies. In 
many situations, the inadvertent introduction of feral animals or material contaminated by feral animals 
(e.g., feed and bedding) represents one of the more common routes of introduction of pathogens.

It should be noted that the PPE recommended for rodents and rabbits (Table 14.8) provides person-
nel protection not only from potential zoonotic agents, but also from potential allergens, as outlined 
in the “Allergens” section above. The use of hair bonnets, lab coats, and gloves may also potentially 
protect specific pathogen-free animals from diseases that personnel may carry on their cloths, hair, or 
hands from outside of the facility. That being said, it has been recently identified that the donning of 
shoe covers was a potential source of contamination and that wearing shoe covers did not significantly 
impact the health of the colony (Hickman-Davis et al. 2012). In addition, not donning hair protection 
was found to result in the transport of rodent allergens on the hair of personnel working with rodents 
(Krop et al. 2007).

Carnivores

The most common carnivores used in research are dogs, cats, and ferrets. The most common zoonotic 
agents seen in laboratory carnivores in the United States are rabies, enteric pathogens, and parasites 
(Table 14.9). Many of the zoonotic diseases of carnivores can be prevented by vaccination (e.g., rabies 
and leptospirosis) and appropriate health management (e.g., parasite checks). Here again, the PPE 
(Table 14.10) serves to prevent the transmission of disease in two directions, from animals to humans 
and from humans to animals. It is common for personnel to keep dogs, cats, and ferrets as pets at home, 
and their health status may vary from that of the animals maintained at work. Therefore, program man-
agement should be aware of the pets kept at home by their staff and develop policies and procedures that 
protect the health and welfare of the research colony.

Ungulates

Zoonotic disease associated with ungulates (Table 14.11) used in research is often dependent on the 
source of the animals and policies and procedures used to manage the research herd. Closed herds with 
appropriate vaccination and herd health programs may present a minimal risk, whereas herds maintained 
outside in unprotected open areas may present a higher risk. Q fever is prevalent in sheep throughout 

FIGURE 14.6 Example of a ratcheted full-face shield with chin guard that provides mucous membrane splash protection 
from all angles. (From Life Science Products, Chestertown, MD, http://lspinc.com/.)

http://lspinc.com
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the United States, and sheep are the species most associated with outbreaks of the disease in laboratory 
animal populations. The PPE used with ungulates (Table 14.12) will vary with the risk level, husbandry 
style, and nature of contact.

Fish and Frogs

Zoonotic diseases associated with fish and frogs used in research are infrequent (Table 14.13), but 
can occur. The availability of commercially available animals of known health status has helped to 
decrease the zoonotic risk. Mycobacteria infections of the skin are one of the more common zoonotic 
diseases seen in the laboratory environment. Care should be taken to use gloves (Table 14.14), espe-
cially if there are any breaks in the skin. The thorough washing of hands and arms when leaving the 
aquatic holding area is recommended. Although splash hazards to the eyes and mucous membranes 
are not normally problematic, when occurring, the area should be thoroughly flushed with running 
water for 5 minutes.

Cage Wash Areas

The facility cage wash area can be particularly problematic due to the potential for exposure to allergens, 
zoonotic enteric agents, and physical hazards. Table 14.15 summarizes the protective clothing require-
ments for the area based on the hazard risk and activity.

Additional Hazards

Hazards Associated with Animal Study Protocols

All animal study protocols (ASPs) should be closely examined to identify and address potential hazards 
associated with the protocol. There may be multiple classes of hazards (infectious, radiologic, chemical, 
and physical) associated with each ASP, and they may not be fully recognized by the investigator. Each 
ASP should be closely reviewed by a health and safety professional prior to final Institutional Animal 
Care and Use Committee (IACUC) approval to ensure that appropriate interventions, mitigations, and 
disposal procedures are fully addressed and understood by all parties.

Biological Agents with Human Pathogen Potential

There are special considerations for working with experimentally infected animals housed in indoor 
research environments. Institutional management must provide facilities, equipment, staff, and 
established practices that reasonably ensure appropriate levels of environmental quality, safety, secu-
rity, and care for the laboratory animal while protecting workers, the environment, and the public 
from the infectious agents themselves. The vivarium is considered a type of specialized research 
laboratory, and biosafety levels have been described for working in these areas with animals that 
have been experimentally infected. Biosafety levels are appropriate combinations of facility features, 
safety equipment, and operations and procedures that are used to ensure necessary containment of 
the infectious agent during the conduct of the research. In the animal facility, biosafety levels are 
referred to as ABSLs 1–4 because the specialized nature and complexities of animal research are 
addressed in conjunction with the need for biological containment. Biosafety levels increase based on 
the infectious agents in use and the risk assessment of the procedures to be performed. An overview 
of these requirements is presented in Table 14.16. For a full description of ABSLs, the reader should 
consult the current edition of Centers for Disease Control and Prevention (CDC)/NIH publication 
entitled Biosafety in Microbiological and Biomedical Laboratories.

These recommendations assume that laboratory animal facilities, operational practices, and the qual-
ity of animal care meet applicable standards and regulations (e.g., the Guide [NRC 2011a] and laboratory 
Animal Welfare Regulations [AWAR 2013]) and that appropriate species and numbers of animals have 
been selected for animal experiments.

In Canada, similar containment levels (CLs) are employed but are more heavily regulated by the 
government. The reader is referred to Canadian Biosafety Standard (CBS), Second Edition, 2015 
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TABLE 14.16

Summary of Recommended Animal Biosafety Levels for Activities in Which Experimentally or Naturally 
Infected Vertebrate Animals Are Used

BSL Agents Practices
Primary Barriers and

Safety Equipment
Facilities

(Secondary Barriers)
1 Not known to 

consistently cause 
diseases in healthy 
adults

Standard animal care and 
management practices, 
including appropriate 
medical support 
services

As required for normal 
care of each species

• PPE: Laboratory coats 
and gloves; eye and 
face protection, as 
needed

Standard animal facility

• No recirculation of 
exhaust air

• Directional airflow 
recommended

• Hand washing sink is 
available

2 • Agents associated 
with human disease

• Hazard: Percutaneous 
injury, ingestion, 
mucous membrane 
exposure

ABSL-1 practice plus

• Limited access
• Biohazard warning signs
• Sharps precautions
• Biosafety manual
• Decontamination of all 

infectious wastes and 
animal cages prior to 
washing

ABSL-1 equipment plus 
primary barriers

• Containment 
equipment appropriate 
for animal special 
procedures

• PPE: Laboratory 
coats; gloves; face, 
eye, and respiratory 
protection, as needed

ABSL-1 plus

• Autoclave available
• Hand washing sink 

available
• Mechanical cage washer 

recommended
• Negative airflow into 

animal and procedure 
rooms recommended

3 Indigenous or exotic 
agents that may cause 
serious or potentially 
lethal disease through 
the inhalation route of 
exposure

ABSL-2 practice plus

• Controlled access
• Decontamination of 

clothing before 
laundering

• Cages decontaminated 
before bedding is 
removed

• Disinfectant foot bath 
as needed

• Baseline serum 
sample obtained

ABSL-2 equipment plus

• Containment 
equipment for housing 
animals and cage 
dumping activities

• Class I, II, or III 
Biological Safety 
Cabinets (BSCs) 
available for 
manipulative 
procedures (e.g., 
inoculation and 
necropsy) that may 
create infectious 
aerosols

• PPE: Appropriate 
respiratory protection

ABSL-2 facility plus

• Physical separation from 
access corridors

• Self-closing, double-
door access

• Sealed penetrations
• Sealed windows
• Autoclave available in 

facility
• Entry through anteroom 

or air lock
• Negative airflow into 

animal and procedure 
rooms

• Hand washing sink near 
exit of animal or 
procedure room

4 • Dangerous/exotic agents 
that post high risk of 
aerosol transmitted 
laboratory infections 
that are frequently fatal, 
for which there are no 
vaccines or treatments

• Agents with a close or 
identical antigenic 
relationship to an agent 
requiring BSL-4 until 
data is available to 
redesignate the level

• Related agents with 
unknown risk of 
transmission

ABSL-3 practices plus

• Entrance through 
change room where 
personal clothing is 
removed and 
laboratory clothing is 
put on; shower on 
exiting

• All wastes are 
decontaminated before 
removal from the 
facility

ABSL-3 equipment plus

• Maximum 
containment 
equipment (i.e., Class 
III BSC or partial 
containment 
equipment in 
combination with 
full-body, air-
supplied, positive-
pressure suit) used for 
all procedures and 
activities

ABSL-3 facility plus

• Separate building or 
isolated zone

• Dedicated supply and 
exhaust, vacuum, and 
decontamination systems

• Other requirements 
outlined in the text

Source: Adapted from Centers for Disease Control and Prevention and National Institutes of Health, Biosafety in 
Microbiological and Biomedical Laboratories, 5th ed., U.S. Government Printing Office, Washington, DC, 2009.
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(http://canadianbiosafetystandards.collaboration.gc.ca/cbs-ncb/index-eng.php), which is a harmonized 
national standard for the handling and/or storing of human and terrestrial animal pathogens and toxins based 
on pathogen risk groups 1–4 (RGs 1–4) established by the World Health Organization (WHO) (Table 14.17).

Based on risk assessment, CLs 1–4 are assigned. Small and large animal zones may be included within 
laboratories meeting CLs 1–4. The reader should consult the Canadian Biosafety Handbook (CBH), 
Second Edition, 2015. The CBH is a companion document to the CBS and provides core information and 
guidance to aid in achieving the biosafety and biosecurity requirements outlined in the CBS.

Working with Recombinant or Synthetic Nucleic Acid Molecules

Guidance for working with recombinant or synthetic nucleic acids in animals can be found in the NIH 
Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid Molecules (NIH Guidelines 
2016) (http://osp.od.nih.gov/sites/default/files/resources/NIH_Guidelines.pdf). These guidelines must be 
consulted when planning work involving recombinant or synthetic acid molecules. The use of the NIH 
Guidelines is also risk assessment based, relying on the WHO RGs as a starting point. Using the Biosafety 
in Microbiological and Biomedical Laboratories and the NIH Guidelines as companion documents can 
be problematic because nomenclature for CLs has not been harmonized. For example, when experi-
ments involve whole animals in which the animal’s genome has been altered or which involve viable 
microbes containing recombinant DNA (other than viruses that are only vertically transmitted) that are 
tested on whole animals, a minimum containment of BL2 or BL2-N is required. This nomenclature, in 
practice, equates to BSL-2 and ABSL-2. However, in cases where the introduction of recombinant DNA 
into animals might lead to the creation of novel mechanisms or increased transmission of a recombinant 
pathogen or production of undesirable traits in a host animal, higher-level containment conditions should 
be implemented. When experimenting with animals that contain sequences from viral vectors that do 
not lead to transmissible infection as a result of complementation or recombination in the host animal, 
BL1 or BL1-N containment may be used (BSL-1 and ABSL-1, respectively). The Institutional Biosafety 
Committee (IBC), in each institution, serves as the governance and review body for the oversight of 
recombinant work and should be consulted prior to beginning this type of work involving animals.

A number of agencies within the U.S. government oversee different aspects of work with recombinant 
nucleic acids and human pathogens. These include

• NIH Guidelines

• EPA Regulations

• U.S. Department of Agriculture (USDA) Animal Plant Health Inspection Service (APHIS) 
Regulations

• FDA Regulations

TABLE 14.17

World Health Organization Pathogen Risk Groups

WHO Risk Group Definition

Risk group 1 (no or low individual 
and community risk)

A microorganism that is unlikely to cause human disease or animal disease.

Risk group 2 (moderate individual 
risk, low community risk)

A pathogen that can cause human or animal disease but is unlikely to be a serious 
hazard to laboratory workers, the community, livestock, or the environment. 
Laboratory exposures may cause serious infection, but effective treatment and 
preventative measures are available and the risk of spread of infection is limited.

Risk group 3 (high individual risk, 
low community risk)

A pathogen that usually causes serious human or animal disease but does not 
ordinarily spread from one infected individual to another. Effective treatment 
and preventive measures are available.

Risk group 4 (high individual and 
community risk)

A pathogen that usually causes serious human or animal disease and that can be 
readily transmitted from one individual to another, directly or indirectly. 
Effective treatment and preventive measures are not usually available.
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• Commerce Department Regulations

• Select Agent Rules

• HHS Synthesis Screening Guidance for Providers of Synthetic Double-Stranded DNA

The CBS refer to the NIH Guidelines for review and risk assessment assistance regarding recombinant 
nucleic acid work. In the EU, the following directives are salient regarding genetically modified micro-
organisms (GMMs) and should be consulted:

• Directive 90/219/EEC on contained use of GMMs

• Directive 2001/18/EC on deliberate release into the environment of GMMs

Use of Radionuclides in Animal Research

Typically, very small quantities of radioactive materials are used in animal research, and the risk to an 
employee’s health is low. This is not to say that radiation protection in these situations is inconsequen-
tial; however, it is typically a lesser concern than the other risks associated with animal research. In 
all cases, the animal study proposal must be reviewed by the institution’s radiation protection office or 
health physicist and should specifically address the radioactive conditions permitted, personal hygiene 
precautions to be taken by animal care personnel, and instructions for cage cleaning and the collection, 
labeling, and disposal of radioactive wastes.

Personal protection used with radioactive materials in animal research is usually similar to that used 
routinely in animal care. The use of gloves, laboratory coats, and other protective clothing minimizes the 
chances for the ingestion or absorption of radioactive materials when working with animals. The proto-
cols should specify the training that must be provided to all personnel regarding the specific radiation 
safety requirements for the tasks to be performed. This training must be directly related to the duties of 
the individual, and commensurate with the risks.

Use of Hazardous Chemicals and Drugs in Animal Research

Potentially hazardous chemicals and drugs are commonly found in animal research and should be spe-
cifically addressed in animal study proposals. The ASP must identify potential hazards of the chemicals 
and drugs to be used, communicate information concerning the hazards to those involved in the conduct 
of the research, and describe the appropriate protective measures to employees. Alternatively, standard 
operating procedures can also be used to communicate the required information. Chemical safety in 
research involving animals is governed by numerous local, state, and federal regulations, as well as 
numerous “standards of practice.” Standards of practice are guidelines used to determine what should or 
should not be done in a given situation. In the case of safety and health practice, this guidance may be 
issued by other than regulatory agencies, such as the National Institute for Safety and Health (NIOSH), 
CDC, and the National Research Council. These guidelines may also be published and widely distrib-
uted in authoritative texts such as Prudent Practices in the Laboratory: Handling and Management of 
Chemical Hazards (NRC 2011b). These accepted standards of practice may be considered regulatory 
under OSHA’s “General Duty” clause that requires a workplace free of recognized hazards (Thomann 
2003). Some chemicals may be explicitly regulated by OSHA in a specific health standard, such as 
formaldehyde or ethylene oxide. Most chemicals in laboratories and animal facilities are regulated more 
generally through 29 CFR 1910.1450—Occupational Exposure to Hazardous Chemicals in Laboratories. 
This regulation specifically addresses the unique and variable aspects of the laboratory environment, 
including the animal facility. In any case, it is the employer’s responsibility to minimize exposures to 
hazardous chemicals in the workplace.

In preparing an ASP, pertinent chemical safety information may be found on MSDSs or SDSs, phar-
maceutical inserts or information, the Registry of Toxic Effects of Chemical Substances (RTECS), or 
similar services.
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Certain common and ubiquitous chemical agents may be overlooked when considering usage in 
an animal facility and may not be addressed directly in an ASP. Consider the use of disinfectants 
and sterilants. By definition, these compounds are “poisons” and must be handled responsibly. They 
are used to destroy or irreversibly inactivate pathogenic microorganisms on inanimate surfaces (Van 
Swearingen and Shoaf 2001). Many different classes of disinfectants and sterilants are found and 
used in animal care facilities, and each has associated potential health effects, standards and recom-
mendations for safe use, and methods for exposure control. Care should be taken during use of these 
compounds.

Anesthetic gases are another potential chemical hazard often present in animal facilities and during vet-
erinary procedures. The anesthetic gases and vapors that leak into the surrounding room during medical 
procedures are considered waste anesthetic gases. Some potential effects of exposure to waste anesthetic 
gases are nausea, dizziness, headaches, fatigue, and irritability, as well as sterility, miscarriages, birth 
defects, cancer, and liver and kidney disease, among operating room staff or their spouses (in the case of 
miscarriages and birth defects). Employers and employees should be aware of the potential effects and be 
advised to take appropriate precautions. Scavenging devices should be used to capture waste gases, limiting 
occupational exposure. Routine surveys or leak tests of each anesthetic breathing circuit (machine, scav-
enging device, tubing, etc.) or location should be performed and documentation retained for presentation 
to AAALAC International site visitors, safety specialists, and so forth, as necessary. Records of certifica-
tion for other safety equipment, including fume hoods, biosafety cabinets, downdraft tables, and necropsy 
tables, should also be kept available for inspection.

Disposal of Hazardous Materials

Disposal of hazardous materials or waste can be a complicated matter. Most animal programs or facili-
ties will generate hazardous wastes related specifically to the work being performed. Each animal pro-
gram should have a hazardous materials management plan (HMMP) and a designated hazardous materials 
manager. The HMMP addresses proper labeling, packaging, and manifesting of biological, chemical, and 
radioactive waste in compliance with the Nuclear Regulatory Commission, Department of Transportation, 
Federal Resource Conservation and Recovery Act, and specific state or local requirements or those of a 
particular jurisdiction. Strict compliance with these regulations ensures the waste is managed, transported, 
and disposed of properly while reducing potential liability to the animal program or parent organization. 
In most cases, the institution with which the animal program or facility is associated will have established 
an HMMP that, if well done, will specifically address the needs of the animal program and will arrange to 
provide hazardous waste services to the animal facility. Each animal study proposal should address poten-
tial hazardous waste accumulation and the proper disposal of the waste.

In general, wastes produced from hazardous materials used in animal research or in animal facilities 
can be classified as chemical, radioactive, medical, or pathological, or multihazardous waste. They are 
classified as such based on the characteristics of the waste. Characteristics defining hazardous materials 
will differ by country, or by consensus of member nations in the case of the EU (Commission Regulation 
[EU] No. 1357/2014). The program or facility management must be cognizant of local, state, and federal 
requirements for the disposal and transport of hazardous wastes, and that regulatory authorities (envi-
ronmental, public health, transportation, etc.) may each have regulations to which the animal program 
must adhere. “Cradle-to-grave” management of hazardous waste (from generation to final disposal) is an 
expectation when hazardous materials are used in research.

When planning research projects, it is important to consider the type and amount of waste that may 
be produced. Planning should incorporate methods or techniques that will limit or reduce the hazard-
ous materials to be used, as well as limiting waste accumulation. The following principles will assist in 
reaching this goal:

• Consider use of alternative materials.

• Order only what you need.
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• Use only what you need.

• Reuse what you can.

Each waste stream is handled in a specific way and therefore requires proper segregation. Segregation 
of wastes makes waste disposal safer, more efficient, and more cost-effective. The animal program must 
make every effort to understand and comply with the institution’s HMMP.

Removal of waste from the site depends on what arrangements have been made for transport and final 
disposal. It is generally safer and more cost-effective to retain a professional contract service to provide 
removal and disposal services. Disposal of waste usually involves filling out a hazardous waste manifest 
that indicates what kind of waste is in the container, who produced the waste, the name of the transporter, 
and the manner of disposal. By signing these forms, the hazardous waste generator, transporter, and 
disposal site all share some responsibility for the waste; however, governmental authorities tend to view 
the waste as belonging to the generator (cradle) until it has reached final disposal (grave). This manifest 
tracks the chain of custody for hazardous waste shipments.

Summary

A dynamic occupational safety and health program is a critical aspect of any animal care and use 
program, regardless of its size or complexity. A quality occupational safety and health program is 
a team event that requires the active, ongoing participation of all personnel. An effective program 
includes the assessment of facility design and equipment, as well as the development of work-specific 
training plans. The establishment of appropriate standard operating procedures and PPE, coupled 
with ongoing monitoring and compliance with established procedures, further strengthens a pro-
gram. From the development of a JHA to the assessment of work-related injuries, the program must 
adapt to the changing demands of the work environment while ensuring the safety and health of all 
employees.
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Introduction

Animal care and use programs are complex, and not surprisingly, extensive documentation is required by 
regulation and policy to ensure that appropriate standards are achieved. This chapter presents four areas 
of an animal use program for which specific documentation is necessary: the Institutional Animal Care 
and Use Committee/Oversite Body (IACUC/OB), the animal resources and facility operations, good 
laboratory practice (GLP), and select agents.

Institutional Animal Care and Use Committee/Oversite Body

In the United States, the Animal Welfare Act (AWA) and Animal Welfare Act and Regulations (AWAR) 
(USDA 2015) provide standards for ensuring the humane care and use of certain animal species in 
research facilities. Similarly, the U.S. Health Research Extension Act of 1985 and the Public Health 
Service Policy on Humane Care and Use of Laboratory Animals (PHS Policy) (NIH 2015) establish 
guidelines for the proper care and use of all vertebrate animal species in PHS-supported research activi-
ties. In Europe, the European Treaty Series 123 (ETS 123) (Council of Europe 1986) establishes the legal 
foundation for the protection of research animals in 47 different countries. The Directive 2010/63/EU 
(European Parliament and the Council of the European Union 2010), adopted by all European Union 
member countries, is the current legislation regarding protection of animals used for research purposes. 
Regulatory requirements for the use of animals in research vary between countries in Asia, and this 
topic is discussed in greater detail in Chapter 8. However, as an example, the Law of Humane Treatment 
and Management of Animals No. 105 was adopted in Japan to address the proper treatment of animals, 
including mammals, birds, and reptiles. Nevertheless, for all regulations, whether country specific or 
international, there is a requirement for some type of ethical review of the proposed use of animals. The 
IACUC/OB is usually the primary entity overseeing animal use activities in research or teaching. Not 
uncommonly, the IACUC/OB will conduct a review of any proposed research project based on specific 
information that is presented in an animal use protocol.

Animal Use Protocols

Animal use protocol review is an important aspect of every animal care and use program in research 
and represents the initial step toward obtaining approval for conducting animal-based research. The 
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U.S. requirements for review of animal activities are implemented by federal agencies, including the 
U.S. Department of Agriculture/Animal and Plant Health Inspection Service (USDA/APHIS), which is 
responsible for ensuring conformance with the AWA and AWAR, and the National Institutes of Health 
(NIH) Office of Laboratory Animal Welfare (OLAW), which is responsible for ensuring implementation 
of PHS Policy. The standards document used by OLAW is the Guide for the Care and Use of Laboratory 
Animals (i.e., Guide), published by the Institute for Laboratory Animal Resources, National Research 
Council (NRC 2011), and it presents expectations for the approval of animal use by the IACUC/OB in 
terms of protocol review. The Guide is an internationally recognized document, and numerous countries 
require review of animal use activities in accordance with the standards presented therein. As such, 
AAALAC International utilizes the Guide as a primary standards documents, along with the Guide for 
the Care and Use of Agricultural Animals in Research and Teaching (Ag Guide) (FASS 2010) and ETS 
123 (Council of Europe 1986).

The IACUC/OB should consider information provided in the animal use protocol and evaluate legiti-
macy of the proposed study based on regulatory requirements. Animal use information presented to 
the IACUC/OB is typically on forms developed by the institution, and in the past, paper documents 
were used for this purpose. However, more recently, electronic systems are commonly used for protocol 
review, as these can provide a more manageable alternative by allowing for easy storage and retrieval 
of these important documents. The animal use protocol should include the rationale for performing the 
research project, as well as a description of the research in lay language that an average newspaper reader 
would understand. For species covered by the U.S. AWAR and in many other countries, investigators 
must also document that they have considered alternatives to pain and distress by performing a search 
of relevant databases, documenting the keywords used in the search and the databases searched, and the 
dates covered by the search. The results of the search are typically incorporated into consideration of the 
replacement, reduction, and refinement (three Rs) of animal use. A description of how the search results 
may impact development of the research plan may also be required, and the researcher should account 
for the number of animals to be used for the research. This should be justified statistically whenever pos-
sible. Other items that should be documented in the protocol include:

• Verification that the research proposed does not unnecessarily duplicate research already per-
formed. The necessity to provide additional proof of the validity of previous results should be 
scientifically justified (USDA 2015).

• Appropriate use of anesthetics and analgesics. Use of these agents must be addressed, and with-
holding them must be justified for scientific reasons (USDA 2015). Proper use of anesthetics 
and analgesics is an ethical and scientific imperative (NRC 2011).

• Housing standards that will be used, according to species, as defined in the AWAR (USDA 2015) 
and in the Guide (NRC 2011). Deviations from these standards should be justified in the protocol.

• Surgical procedures that will be used. An animal should not undergo more than one major 
survival surgical procedure unless there is scientific justification for doing so.

• Euthanasia methods that will be used. U.S. institutions and many others worldwide refer to the 
American Veterinary Medical Association (AVMA) Guidelines for the Euthanasia of Animals 
(AVMA 2013) for guidance on methods of euthanasia. Deviations from the recommendations 
in the AVMA Guidelines should be scientifically justified in the animal use protocol.

• Personnel qualifications. All individuals involved in the use of animals must be qualified to per-
form the animal-related tasks to which they are assigned, and staff should be provided instruc-
tion and training on procedures to be performed. Training and/or experience with the animal 
species and techniques should be documented, and this information may be retained in the 
protocol. Additionally, many countries, including the United States (NRC 2011; USDA 2015), 
require that research personnel receive training in regard to relevant legislation, IACUC/OB 
function, the ethics of animal use, the three Rs principle, reporting of animal welfare concerns, 
and occupational health and safety, in addition to animal handling, surgery techniques, and 
anesthesia and analgesia. Accessibility of training records may be important for review by the 
IACUC/OB or government regulators, and electronic systems may be useful in this regard.
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Special Considerations for IACUC/OB Review

Not uncommonly, special considerations will arise during protocol review, and these should be consid-
ered carefully by the IACUC/OB because of their potential for causing unrelieved pain or distress, or 
other animal welfare concerns (NRC 2011). Refinements should be considered in order to minimize pain 
and distress while accomplishing the required scientific objectives. The IACUC/OB should also weigh 
the objectives of the study against the potential harm to the research animal and animal well-being. 
Special considerations listed in the Guide (NRC 2011) include:

• Experimental and humane endpoints. The experimental endpoint of a study occurs when the 
scientific aims and objectives have been reached. The humane endpoint is the point at which 
pain or distress in an experimental animal is prevented, terminated, or relieved. The use of 
humane endpoints is particularly important when the animal may experience pain or dis-
tress, or may become physically impaired, such as during tumor growth or toxicology studies. 
Information in the protocol should include a clear description of the humane endpoints, along 
with the required frequency of animal observation, details of the training provided to those 
responsible for recognizing humane endpoints, and the actions to be taken when these are 
observed. The veterinarian should be involved in defining humane endpoints, and these should 
be clearly stated in the protocol. Not uncommonly, a table or chart that helps ascertain humane 
endpoints using a quantifiable approach can be generated and included in the protocol for ease 
of use by the researcher. Further discussion regarding humane endpoints may be found in a 
previous issue of the ILAR Journal addressing this topic (ILAR 2000).

• Unexpected outcomes. It is difficult to anticipate all unexpected outcomes that may occur 
during the course of a scientific investigation. Nevertheless, it is recognized that breeding 
experiments that result in new genotypes may produce offspring with abnormal phenotypic 
characteristics. Depending on the phenotypic alteration, there can be impacts on the animals’ 
well-being, ability to achieve normal physiological and behavioral function, or survivability. It 
is important that the offspring of genetically modified animals be monitored closely for abnor-
mal characteristics, and if these are observed, the animal use protocol should be modified to 
address the number of animals that may be required or any special care that might be needed. 
Humane endpoints should be considered for genetically modified animals that are severely 
affected.

• Prolonged physical restraint. Limiting an animal’s normal movement by manual or mechanical 
means may be necessary during scientific studies. Restraint can be relatively brief and last only 
a matter of minutes, or it may be prolonged and last for hours. Regardless of the time length, a 
description of the restraint in the animal use protocol is needed. Scientific justification for the 
use of restraint should be included, along with a description of the training that will be provided 
to the animals so they can adapt to the restraint device. Along with a description of the train-
ing should be an assurance that animals that fail to adapt to the restraint will be removed from 
the study. Other aspects of restraint that should be included in the protocol include the time 
period of restraint, the observation frequency during the period of restraint, and a description 
of untoward effects (e.g., lesions, behavioral changes, or illness) that will necessitate removal of 
an animal from the restraint device and possible elimination from the study.

• Multiple survival surgeries. Survival surgeries are commonly classified as major or minor, 
and many institutions rely on the definition for these presented in the Guide (NRC 2011). That 
is, major survival surgery penetrates and exposes a body cavity, produces substantial impair-
ment of physical or physiologic functions, or involves extensive tissue dissection or transection. 
Minor survival surgery does not expose a body cavity and causes little or no physical impair-
ment. Whether major or minor, the need to perform multiple surgical procedures on a single 
animal should be identified in the protocol for evaluation by the IACUC/OB. Justification for 
performing multiple survival surgeries should be provided, including an explanation of the 
necessity to perform these procedures in order to achieve the scientific aims. Multiple survival 
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surgeries may also be necessary for unforeseen experimental or clinical reasons, for example, 
replacement of a cranial head post that was dislodged or emergency surgery to address an 
unanticipated health concern. If these are anticipated, they should be included in the animal use 
protocol as multiple survival surgical procedures that may occur. Importantly, using a single 
animal for multiple survival surgeries on different protocols is discouraged and, when pro-
posed, should be reviewed carefully. For animals covered under the AWA in the United States, 
a written request and supporting data must be sent to USDA/APHIS for review and approval if 
any additional major survival surgical procedure is required on a different protocol.

• Food and fluid restriction. Animal studies across several disciplines (e.g., behavior, neurosci-
ence, and physiology) may require restriction of food or fluid to achieve the desired endpoint. 
Such studies require careful consideration, and the animal use protocol should contain enough 
information to ensure that only the minimal amount of restriction will be incurred, that meth-
ods are in place to ensure animal health and well-being, and that potential negative impacts on 
the animal will be addressed (NRC 2003). There is no standard “one-size-fits-all” approach to 
food or fluid studies, as the species, strain, gender, age, and level of restriction, among a host of 
other factors, may influence the impact on the animal (Heiderstadt et al. 2000; Rowland 2007). 
Consequently, food or fluid restriction studies are best considered on a case-by-case basis, 
and the animal use protocol should include a thorough description of this aspect of the study. 
Monitoring parameters, frequency of body weight assessment, and written record requirements 
during the period of food or fluid restriction are important considerations. Also, it should be 
indicated in the protocol that written daily records will be maintained and will include docu-
mentation of consumption of food and/or water, physical and clinical observations, and behav-
ioral changes that are observed. A description of endpoints used to remove an animal from the 
food- or fluid-restricted aspect of the study should also be included.

• Non-pharmaceutical-grade drugs or chemicals. Pharmaceutical-grade drugs and chemicals 
help provide assurance that toxic or undesired side effects will not be introduced into the animal . 
Both the Guide (NRC 2011) and USDA/APHIS (USDA 2016) indicate that pharmaceutical-
grade drugs or chemicals should be used whenever available. Should  non-pharmaceutical-grade 
drugs or chemicals be needed, their use should be described and justified in the animal use 
protocol. A higher cost for pharmaceutical-grade drugs is not considered to be adequate jus-
tification for use of nonpharmaceuticals, although OLAW has indicated that recent exorbitant 
cost increases of pentobarbital have placed it logistically into the unavailable category (OLAW 
2012). However, pentobarbital from a reagent or analytical-grade powder, properly prepared by 
a pharmacist or other knowledgeable individual (e.g., chemist, veterinarian, or researcher), with 
assurance of appropriate storage and handling, and approval by the IACUC/OB, is acceptable. 
New experimental drugs or compounds are rarely, if ever, available in pharmaceutical grade, 
and consequently, their use as a non-pharmaceutical-grade substance can be justified, assuming 
there is relevance to the study objectives. Nevertheless, the protocol should contain a descrip-
tion of how the purity, sterility, pH, pyrogenicity, osmolality, and stability of such compounds 
will be assured (NIH 2008).

• Field investigations. Studies using wild animals usually require approval from relevant agen-
cies at the local, state, or country level, and the animal use protocol should contain verifica-
tion that the relevant permits or licenses have been obtained. As with any study, veterinary 
input will be necessary to ensure appropriate handling or treatment for wild animals that will 
be captured, held, anesthetized, or used in any way that may compromise their well-being. 
Nevertheless, other resources, such as a qualified wildlife biologist or relevant professional 
wildlife biology society publications (e.g., Braun 2005), may be referred to in the protocol as a 
valid source of information for these studies.

• Agricultural animals. The use of farm animals (bovine, equine, ungulate, etc.) may occur 
for either biomedical- or agricultural-based research, or for studies that overlap both areas. 
Regardless of the research objectives, the IACUC/OB is obligated to provide oversight of these 
studies to ensure appropriate animal care and use. The Guide (NRC 2011) does not focus on 
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the use of agricultural animals for studies of food and fiber production; however, the Ag Guide 
(FASS 2010) is an excellent resource in this regard. For agricultural studies, the protocol should 
address all aspects of animal oversight, including minimization of pain and distress. For agri-
cultural animals used in biomedical research, the standards of the Guide should apply and be 
reflected in the protocol even in a farm setting (NRC 2011).

• Recombinant DNA and hazardous agent use with animals. Recombinant DNA and hazardous 
agents may pose a threat to animal and plant health or public health and safety, and applicable 
regulations (local, state, and country) should be considered in the animal use protocol. The 
protocol should list all such agents that are administrated to research animals so that appropri-
ate review regarding use, containment, and disposal may occur. The Institutional Biosafety 
Committee (IBC) or similar oversight body, along with research biosafety personnel, typi-
cally review the use of such agents, and the IACUC/OB should avoid approval of an animal 
use protocol prior to its review. In the United States, certain records are required to be main-
tained related to recombinant DNA research depending on the biosafety level (NIH 2016). 
Such records may include documentation of all animals moved in and out of the facility, a list 
of experiments that are currently in progress, documentation of the time and date of personnel 
entering and leaving the facility, temperature records for decontamination and incineration, a 
permanent record of all animals used in an experiment, and occupational health records related 
to personnel exposure to spills or accidents.

• IACUC/OB standard operating procedures (SOPs). At many institutions and among various 
scientific disciplines, certain procedures carried out in animal research are routinely identi-
cal (e.g., standard blood draws, vascular cannulation, and intraperitoneal injections). As such, 
SOPs detailing these methods may be preapproved by the IACUC/OB and used, as appropriate, 
in any protocol. The use of IACUC/OB SOPs can eliminate the need for the scientist to “rein-
vent the wheel” with each new protocol submission and for redundant review of commonly 
used procedures by veterinary staff and IACUC/OB members. Thus, IACUC/OB SOPs can 
save considerable time and effort for both the scientist and those performing protocol review. 
IACUC/OB SOPs should be reviewed, updated, and reapproved by the committee on a regular 
basis to ensure that the most up-to-date methods are being utilized.

Electronic Systems for Managing Protocol Review

The availability of electronic protocol review systems has greatly reduced the need to use paper proto-
cols at many institutions. Electronic systems provide a number of inherent advantages, including ease 
of records accessibility and retention, and almost instantaneous retrieval capabilities for specific param-
eters (e.g., which protocols are approved for multiple surgeries, and how many protocols utilize non-
pharmaceutical-grade drugs?). These advantages may be especially important at big institutions that 
have a large number of approved animal protocols. Electronic protocol review systems are not perfect, 
however, and disadvantages may include cost and the need for periodic software updates. There is no 
shortage of electronic systems available on the market and a web search for “IACUC protocol software” 
(or similar terms) will generate numerous commercial options. Some institutions have chosen to develop 
an electronic system in-house to manage protocol review, and this approach may be convenient in terms 
of customizability and control. Nevertheless, in-house systems mandate considerable investment in 
developer time, with the realization that local software development expertise will always be needed to 
fix software “bugs” or make system changes to reflect regulatory requirements. Given the many options 
for electronic software systems, consultation with other institutions may be helpful in determining which 
would be best for your organization.

IACUC/OB Meeting Minutes

Documentation of IACUC/OB meeting activities should be maintained in the form of minutes. The 
AWAR (USDA 2015) and PHS Policy (NIH 2015) contain identical requirements for meeting minutes 
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at U.S. institutions, and these are typical for other countries also. Namely, meeting minutes should 
include records of attendance, IACUC/OB activities, and descriptions of IACUC/OB deliberations such 
that major issues and outcomes are provided in enough detail for an outsider to ascertain the nature of 
the discussions and the conclusions reached. Importantly, meeting minutes should not contain details 
that might place the institution or any individual at risk, or which could compromise privacy or pro-
prietary information (Public Health Service 2013). These expectations are applicable to discussions 
regarding policy or SOP development, inspection reports, incidents of noncompliance, and reports of 
animal welfare concern, in addition to discussions regarding animal use activities (i.e., protocol review 
and approval).

Retention Requirements

Regulatory requirements for retaining documents relevant to animal use will vary internationally. For 
example, the Directive 2010/63/EU (European Parliament and the Council of the European Union 2010) 
indicates that inspection records shall be kept for 5 years, but in the United States, it is mandated that 
protocols, meeting minutes, and records of deliberations be retained for 3 years after completion of 
the animal activity (NIH 2015; USDA 2015). For U.S. institutions, this includes retention of a copy of 
the approved Animal Welfare Assurance, the protocol application and associated significant changes, 
semiannual reports to the institutional official (IO), and records of the outcome of site visits performed 
by AAALAC International or another accrediting agency. Regardless of the national requirements, all 
such records should be retained as a hard copy or electronically in a central location for ease of access 
when needed.

IACUC/OB Policies

Development and adoption of formal written policies by the IACUC/OB can serve to set program stan-
dards for investigators, administrators, and the institution. By creating policies before difficult issues 
actually arise, the committee gives itself time for careful thought and consideration of complex questions 
without the pressure associated with an immediate crisis. Policies can also help the IACUC/OB achieve 
consistency while attending to the myriad responsibilities related to protocol review, inspections, and 
addressing animal-related concerns. Although formal IACUC/OB policies are potentially of benefit, 
international requirements for their development can vary, and there is no regulatory requirement in the 
United States that animal program policies be developed. Nevertheless, many institutions, both globally 
and in the United States, have adopted formal IACUC/OB policies on topics that typically impact animal 
use programs, such as euthanasia standards, environmental enrichment requirements, and cage density 
constraints, to name just a few. The timing of periodic review of policies by the IACUC/OB varies, but 
many institutions revise these documents at least every 3 years or whenever regulatory requirements 
change. Policies can be maintained on paper or electronically, but regardless of the medium, it is criti-
cally important that investigators have access to the most recent version. At larger institutions, it is rec-
ommended that electronic dissemination via e-mail or web page be used to ensure that the latest version 
of any policy is available to all laboratories.

Facility Inspection and Program Review

Regular facility inspections and review of the animal care program by the IACUC/OB can help ensure 
compliance with recommended standards. In performing these tasks, the IACUC/OB may identify defi-
ciencies or program weaknesses that should be addressed to ensure that a high level of quality animal care 
is provided. Requirements for performing facility inspections and reviewing the animal care program 
can vary from one country to the next. For example, the Directive 2010/63/EU (European Parliament and 
the Council of the European Union 2010) mandates that member states shall ensure that the competent 
authorities carry out regular inspections of all animal users, with the frequency of inspections based on 
a risk analysis for each institution. In comparison, the Guide (NRC 2011) states that facility inspections 
and program review should occur at least annually, or more often if necessary. Given the international 
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diversity in conducting this type of review, the reader should refer to specific regulatory requirements for 
the country of interest. The information presented here focuses on U.S. regulatory requirements.

The AWAR (USDA 2015) and PHS Policy (NIH 2015) both require that the IACUC/OB inspect all 
animal facilities every 6 months, document its findings by indicating if an item is significant or minor, 
and develop a timeline for correction. Information gathered during inspections should be recorded, and 
some inspectors have started entering the information onto tablets or laptop computers that are carried 
with them. In the United States, if there is a significant deficiency identified during program review or 
inspections involving AWAR-covered species, a date for correction of the deficiency must be identi-
fied and completed within 15 days of the correction date. A written notice to the USDA is required if 
correction of a significant deficiency does not occur within the 15-day window. The results of both the 
facility inspection and the program review should be documented, signed by a majority of the committee 
members, and sent to the IO. Minority views of any IACUC/OB member related to the inspection and 
program review should be included, along with any changes to the animal use program and any depar-
tures from the Guide or PHS Policy, or the AWAR.

Animal Welfare Concerns and Noncompliance

Many countries have regulatory requirements for responding to animal welfare concerns and noncom-
pliance, and the reader is referred to Chapter 8 for more detailed discussion of global regulations. In the 
United States, the AWAR (USDA 2015) indicate that the IACUC/OB must review and as necessary inves-
tigate any public complaints or noncompliance reports from personnel related to the use of animals at 
research facilities. Adequate methods for receiving complaints confidentially are expected to be in place. 
The Guide (NRC 2011) indicates that mechanisms for reporting concerns should be documented and 
posted in the facility. The posting should have multiple points of contact and should include a mechanism 
for anonymous reporting, and indication of compliance with whistle-blower policies and protection from 
reprisals. The response to animal-related concerns or investigations of noncompliant activities should be 
well documented, and software systems designed to track such activities are available (Capterra 2016). 
Retention of associated documents should be defined by institutional policy or regulatory requirements.

Postapproval Monitoring

Postapproval monitoring (PAM) programs vary from institution to institution, and the type and intensity 
of a PAM program often are dependent on institutional size and complexity (Haywood and Greene 2008). 
Certain responsibilities of the IACUC/OB, including periodic facility inspections, program review, and 
continuing protocol review, should be considered as part of a PAM program, and the documentation 
required for these activities has been discussed. More formal PAM programs will require additional doc-
umentation to ensure that all relevant parties (i.e., PI, laboratory staff, and IACUC) are made aware of 
observations and outcomes (Dale 2008). Regardless of the intensity of the PAM program, documentation 
of observations is evidence of a well-established program of care that is focused on animal well-being.

Animal Resources and Facility Operations

Documentation is an integral part of a laboratory animal care and use program, but the records that are 
required will vary in scope as the program dictates. We will not discuss the how-to and why of each 
topic, as that information is covered in other chapters and in referenced publications. The following sec-
tions describe a general overview of each area of a laboratory animal care and use program that should 
be documented.

General

Laboratory animal programs should have a written program of veterinary care outlining the provision 
of adequate medical care for all animals, including delivery of both routine and emergency services. 
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Institutions that are applying for accreditation by AAALAC must complete a program description that 
describes all aspects of the veterinary care program. Other documents that may be required include a 
PHS-approved Animal Welfare Assurance statement when funding is received from the PHS or other 
government agencies.

Animal Resource and Facility Standard Operating Procedures

Animal resource and facility SOPs are documents that present step-by-step instructions and responsi-
bilities for tasks to be performed by individuals working in laboratory animal care and use programs. 
Specific SOPs should be identified by each program and may include categories such as personnel, 
husbandry, animal health and well-being, canine exercise programs, primate psychological well-being 
programs, facility maintenance, equipment operation, and personnel safety. Animal resource and facility 
SOPs should be written in a thorough and standardized way so that all personnel can follow and execute 
the activities consistently. Written SOPs are essential in many circumstances, but even when they are not 
required, they are a useful tool to ensure consistency within the program.

Animal Resource and Facility SOP Authorship and General Organization

One or more individuals, such as an animal resource manager or a committee of knowledgeable staff 
members, are typically charged with authorship of animal resource and facility SOPs pertinent to their 
area of expertise. Animal facility SOPs should be logically organized with separations between major 
sections, such as husbandry, sanitation, animal health, and security. The number of SOPs and the level 
of detail will vary depending on program organization and complexity.

Authorization of Animal Resource and Facility SOPs

Animal resource and facility management should approve written SOPs, and the IACUC/OB has a 
responsibility to review these (NRC 2011). Review and approval of SOPs help confirm that an appropriate 
method is being used for a given procedure and that there is standardization of procedural performance. 
Also, management and the IACUC/OB can help convey the SOP to all those who may be impacted.

Animal Resource and Facility SOP Format

The format of SOPs varies by institution. Typically, animal resource and facility SOPs include an edition 
number or code, serial number, title, author signature, and date, along with an approval signature effec-
tive date. The format chosen is typically followed without variation between each SOP.

Animal Resource and Facility SOP Content

Animal resource and facility SOPs should include the purpose, scope, references, definitions, procedure, 
and any other related documentation. The purpose section outlines the objective or intent of the docu-
ment. The scope outlines the department, group, or personnel to which the procedure applies. The refer-
ences section details other documents that have a bearing on the activities within the procedure. The 
definitions section explains any word not easily understood. The procedure section details the actions 
involved in the activity by stating who does what and how, where, when, and if needed, the reasons why 
the activity is carried out. The documentation section includes any other documents referred to within 
the procedure or that may be generated as a result of procedural implementation. Documents may be 
attached as appendices and published literature may serve to supplement an SOP document.

Use and Management of Animal Resource and Facility SOPs

Each laboratory or animal use area should have immediately available animal resource and facility SOPs 
that relate to the procedures being performed. The location and content of relevant SOPs should be common 
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knowledge for laboratory or animal use area personnel. A robust SOP training program can help achieve 
this objective. An historical file of SOPs that includes revisions and the dates the document was revised 
should be maintained. Distribution and receipt of SOPs should be documented. Electronic copies should be 
controlled and managed by institutional policy to ensure that the most recent version is available.

Animal Resource and Facility SOP Summary

SOPs can be a useful tool to help ensure consistency within an animal care and use program. Not only 
are animal resource and facility SOPs a valuable asset to the institution, but also they bring the opportu-
nity to clarify working routines and areas of responsibility. A collection of good SOPs that are reviewed 
and updated on a regular basis also shows management’s commitment to the production of quality docu-
mentation and work practices. Importantly, SOPs are only successful if they are read, understood, and 
followed by those who are carrying out the work.

Staff Education and Training

Staff education and training are critical to ensure quality animal care in any laboratory animal use pro-
gram. Basic methods of documenting education and training will be presented here. However, Chapter 12 
of this volume presents the necessary elements of a thorough and inclusive education and training pro-
gram that meets regulatory requirements.

Training Records

A central location should be identified for maintaining records of education and training. Documents 
should always be retrievable and available for review by oversite bodies during inspections, site visits, 
or investigations. Hard copies and a secure file system may be adequate for storing these documents, but 
most programs rely on electronic storage of all educational and training information.

Staff Qualifications

Applications and curriculum vitae of animal care personnel should be accessible so they can be refer-
enced when needed in order to verify the qualifications of staff providing for the care and use of animals. 
Curriculum vitae should be updated as necessary to reflect newly acquired certifications and job skills.

Continuing Education

Continuing education and training should be documented and maintained. All programs are required 
to provide ongoing training, although the frequency, topics, and requirements will vary depending on 
the scope of the program. Documentation of relevant classroom and hands-on training sessions should 
be maintained, and this may be done easily by retaining a signed attendance log for those attending the 
training session. Participation in off-site learning opportunities, such as veterinary technology programs, 
local branch symposia, and national and international professional meetings, should be documented and 
retained. Certificates of continuing education are typically presented to attendees at such meetings, and 
these should be retained centrally so they can be retrieved when needed.

On-the-job training is an important aspect of continuing education, and regular review of procedures, 
changes in rules and regulations, new animal resource and facility SOPs, and other pertinent information 
should be documented. Also, documentation should be retained for completion of refresher courses that 
are required when working with chemical, biological, or radiological hazards.

Research Staff Training

Documentation of research staff training is typically included in the institutional animal use protocol 
and should be shared with the animal care program veterinarians and managers. Written documentation 
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may be suitable for smaller programs, but many large programs utilize electronic systems specifically 
designed for animal protocol review. These electronic systems commonly incorporate a searchable data-
base that simplifies document retrieval. Documentation of research staff training should be kept current 
and updated commensurate with instruction as it is provided.

Husbandry Assignments and Completion of Activities

Completion of assigned animal husbandry duties should be documented. These activities may be con-
ducted by one animal care person or by many individuals, depending on the size of the program. A 
simple written daily log of activities may be appropriate in small programs, but large programs with 
multiple animal care personnel often develop more robust documentation systems.

Documentation of daily assignment schedules and completion of activities is a great resource for both 
animal care personnel and those at the managerial level. Many organizations utilize electronically man-
aged programs, such as a spreadsheet to distribute workload. A well-maintained electronic spreadsheet 
or management program can be a valuable tool to oversee husbandry assignments when dealing with 
fluctuating animal populations and husbandry staff. The information that is maintained usually includes 
assignable tasks with time allocations for each chore. Programs can be set up to calculate times for all 
assigned work, including, but not limited to, changing animal cages, checking animal health, feeding, 
cleaning, stocking supplies, and housing newly received animals.

Completion of husbandry tasks, as well as daily observations of animals for health and well-being, 
assurance of access to feed and water, and verification of a safe and appropriate environment, should be 
documented. Completion of cleaning tasks outlined in animal resource and facility SOPs should also be 
documented. A simple calendar sign-off sheet maintained in the animal housing area may suffice for 
documentation of completed basic husbandry tasks, room environmental parameters, and verification of 
animal well-being. Portable or wall-mounted electronic documentation devices are now more commonly 
used at many institutions.

Acquisition and Disposition of Animals

Records regarding the acquisition and disposition of all animal species should be maintained. The USDA 
also requires specific documentation regarding the acquisition, transportation. and disposition of cats 
and dogs (USDA 2015). This information must be maintained for a reasonable period of time, and most 
institutions retain these records for a minimum of 3 years following the final disposition of the animal.

Identification, Cage Cards, and Census and Billing

All animals held for research must have appropriate identification, which starts with their acquisition 
and receipt. Animal records can vary from limited information on a cage card for rodents, birds, and 
fish, to detailed computerized records for individual animals. Means of identification include room, rack, 
pen, stall, and cage cards with written, bar-coded, or radio frequency identification (RFID) information. 
Identification cards should include the source of the animal, strain or stock, names and contact infor-
mation for the responsible investigators, pertinent dates (e.g., arrival date and birth date), and protocol 
number when applicable. Genotype information, when applicable, should also be included, and should 
be consistent.

Large animals such as dogs, cats, nonhuman primates, and farm animals typically have an identi-
fication tag attached to their collar or a legible tattoo. Some large animals within a primary enclosure 
(e.g., penned cattle) may be identified by coat color and pattern differences. Records containing basic 
descriptive information are essential for the management of colonies of large long-lived species and 
should be maintained for each animal (NRC 1979; Dyke 1993; Suckow and Doerning 2007). These 
records often include species, animal identifier, sire and/or dam identifier, sex, birth or acquisition 
date, source, exit date, and final disposition. Such animal records are essential for genetic management 
and historical assessments of colonies. Records of rearing and housing histories, mating records, and 
behavioral profiles are useful for the management of many species, especially nonhuman primates 
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(NRC 1979). Relevant recorded information should be provided when animals are transferred between 
institutions.

Documenting and tracking animal census is important for historical assessment of populations and 
is used for appropriate billing. This can be conducted using a traditional hand count of animals. More 
sophisticated electronic programs are available that use bar codes or chips for scanning into a tracking 
program. RFID systems are now being used for fast input of information for all animals housed within 
an entire room.

Environmental Enrichment

A formal, written plan for environmental enrichment is standard practice at most facilities for all spe-
cies, with the primary aim of enhancing animal well-being. The enrichment plan should describe the 
structural elements of primary enclosures that may enhance the well-being of animals, along with the 
nonstructural provisions that promote species-typical activity patterns. Records should be maintained 
for tracking the actual enrichment provided for each species and for individual animals, including any 
rotation of specific devices. The environmental enrichment plan should also describe the strategy for 
social housing of all social species and should describe the steps that will be taken with isolated or indi-
vidually housed animals to compensate for the absence of conspecifics.

For dogs, facilities should have an appropriate plan to provide them with the opportunity for exercise. 
The plan should include written standard procedures to be followed in providing the opportunity for 
exercise and must be approved by the attending veterinarian. Exercise provided or justification for not 
providing the exercise must be documented to meet requirements of the AWA (USDA 2015).

Emergency (Disaster) Plan

A comprehensive emergency plan is an expectation of the AWA and the Guide and is intended to protect 
the health and safety of humans and animals. Facilities should develop an appropriate plan to provide 
for the humane handling, treatment, transportation, housing, and care of animals in the event of an 
emergency or disaster. The facility should identify emergency situations that would trigger the need for 
implementation of a contingency plan. Examples of emergencies include electrical outages, faulty heat-
ing, ventilation, and air-conditioning (HVAC) systems, fires, animal escapes, and natural disasters that 
the facility is most likely to experience. The plan should outline specific tasks and procedures for emer-
gency animal evacuation, shelter in place, provision of food and water, sanitation, ventilation, bedding, 
and veterinary care. The plan should identify a chain of command and who (by name or by position title) 
will be responsible for fulfilling responsibilities of emergency tasks. The plan also should address how 
response and recovery will be handled in terms of materials, resources, and training.

Emergency training of all personnel should be conducted and documented on a regular basis. It is 
advisable to review emergency plans at least annually, and any changes should be communicated to 
employees through documented training within 30 days.

Animal Health Surveillance

Maintaining an established health status for animals and colonies, as well as keeping unwanted patho-
gens out of facilities, is a primary concern for any animal care program. It is important to document 
known pathogens and verify new pathogens as they emerge. An important first step in accomplishing 
this is to document which pathogens are to be excluded for each species and every housing area. All 
incoming animals should have health data reviewed before admission into the facility or transfer to other 
locations, both internal and external. Animals routed through quarantine or isolation typically have fur-
ther evaluation and health screening that is documented. Health surveillance documentation may be kept 
as a part of the individual, herd, or specific group of animals within a central filing system or electronic 
program. Electronic health surveillance and biosecurity programs are very useful and may be used to 
generate reports for review and action. Ongoing health data information should be collected, reviewed, 
and maintained centrally, and this may be done using electronic health surveillance programs or other 
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custom computer software. The frequency and type of pathogen testing must be determined and included 
in the program. Ongoing test results should be archived in the program and reviewed regularly.

Animal Health Records

Animal health records are considered critical for documenting animal well-being and tracking animal 
care and use at a facility (NRC 2011). The American College of Laboratory Animal Medicine (ACLAM) 
has issued a public statement indicating that medical records are considered to be a key element of a 
program of adequate veterinary care for animals used in research, teaching, and testing (Field et al. 
2007). Individual health records should be maintained for animals that receive regular, individual health 
evaluations as deemed appropriate by the institution. Documentation may range from detailed records 
for each individual animal to limited information recorded in group or herd records. Many facilities use 
electronic record keeping, while others continue to use handwritten paper records. Typically, dogs, cats, 
nonhuman primates, marine mammals, and other larger species have their own individual health record, 
while other species, such as rodents, birds, zebrafish, and other small animals, may have records that 
document health issues within a selected group, room, or herd of animals.

Health record information should include information associated with the management of clinical 
disease, diagnostic or therapeutic procedures performed, and preventative medical procedures. Health 
records may also be useful for recording husbandry information, dietary issues, and necropsy findings 
where applicable.

Notations in the health record should be made by individuals who have administered treatment, or 
made direct observations or evaluations of the animals or their diagnostic results. Individual health 
records should follow the animal throughout its life. A copy of the health record should be transferred 
with the animal if it is relocated. Individual or group health records can be maintained by the program 
indefinitely for historical purposes. Otherwise, these documents can be maintained for a reasonable 
period of time, but typically for a minimum of at least 3 years beyond the final disposition of each animal.

Environmental Health and Safety

It is essential that institutions have in place effective programs for controlling hazards and minimizing 
occupational risks of injury and illness in the workplace. Programs may have a functional environ-
mental health and radiation safety (EHRS) office available to oversee the institution, while others may 
have other technical resources available with expertise to oversee specific activities within the program. 
All critical areas that are overseen by EHRS must function so as to minimize risks, and oversight of 
these activities should be documented. Documentation should include administrative procedures, facility 
design and operation, exposure control methods, engineering controls, work practices, personal protec-
tive equipment, education and training, equipment performance, information management, emergency 
procedures, and program evaluation.

Every person who works with animals should be provided an opportunity to enroll and participate in 
an occupational health and safety program. This should include students, visiting scientists, volunteers, 
maintenance and custodial personnel, vendors, and other nonemployees. A tracking mechanism should 
be in place to document enrollment. Documentation of occupational exposures, safety training, medical 
surveillance, and work-related injury and illness is important and is useful for evaluating the effective-
ness of the occupational health and safety program for the institution. This documentation is confidential 
and should only be accessible to oversight personnel.

Written work practices should be in place in the form of SOPs and policies to help prevent accidents, 
exposures, and injuries. Special practices should be in writing and followed for specific hazards, such as 
chemicals, radiation, or infectious agents. These specific hazards should have written procedures (typi-
cally posted on the entrance where used) outlining the unique hazards and steps that should be taken to 
prevent exposure and ensure containment. All staff working with these types of hazardous agents should 
receive specific training, and this should be documented.

Specialized equipment and work areas should be clearly posted with safety precautions, and staff 
should be continuously trained concerning safe work practices. Some areas requiring special attention 
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and documentation for use of potentially dangerous equipment include cage washers, sterilization equip-
ment, heat sources, pallet jacks, forklifts, and transport vehicles.

Environmental Monitoring

The animal resource facility environment is an essential component of animal well-being, quality 
research, and production of laboratory animals, as well as providing conditions that promote the health 
and safety of personnel who work in these facilities. Active monitoring of the environmental parameters 
of an animal facility should be in place and the information must be retrievable. Whenever animals are 
exposed to environmental changes or any unplanned events, the events should be documented and shared 
with the affected research staff, veterinarians, and the IACUC/OB.

The parameters of the microenvironment immediately surrounding the animals should be monitored 
and documented. This typically includes temperature and humidity, although concentrations of gases 
(e.g., ammonia) and particulate matter within the primary enclosure may also be measured using spe-
cialized equipment. A baseline of the parameters within the microenvironment is essential to know 
and document before husbandry practices such as cage type, bedding and enrichment choice, number 
of animals allowed per enclosure, and cage change frequency are selected. Once the baseline has been 
established, ongoing checking and documentation of the microenvironment is essential to ensure envi-
ronmental consistency.

The macroenvironment surrounding the primary enclosure should be documented continuously when-
ever possible, but at a minimum, daily observations should be recorded. Manual systems and devices such 
as high and low thermometers, hygrometers, light timers, water supply systems, data loggers, and light 
meters are useful in this regard. Many institutions have electronic programs that continuously monitor 
these parameters with built-in alarming and remote notification to key personnel who respond 24/7 when 
preset parameters are breached. Most electronic programs store collected information that can be reviewed 
by oversight bodies and research staff for verification of environmental parameters. Nevertheless, even the 
most sophisticated monitoring program should periodically be checked to validate accuracy.

Verification of air quality, pressure differentials, and ventilation should be documented periodically to 
ensure that filters and systems are performing as intended, valves are functioning, air quality is as designed, 
and air exchange rates are within the desired parameters. Periodic air balancing and pressure differential 
reports should be documented. Any problems discovered should be addressed and the resolutions recorded.

Noise and vibration produced by animals and husbandry activities are inherent in the operation of an 
animal facility. Routine practices should be in place to reduce noise exposure to animals and humans 
alike. Unfortunately, unplanned events related to construction, accidents, and natural events will happen. 
Any event, planned or unplanned, that has the potential to affect animal well-being should be docu-
mented and reviewed. Actions put into place to reduce the potential for future negative impacts should 
also be documented.

Equipment Function

All equipment within the animal facility should be kept in good operating condition. Most large pieces of 
equipment should have well-documented preventative maintenance programs, including dates of routine 
maintenance or repair. Documentation should include any testing results verifying proper equipment 
function. The frequency of functional testing of equipment should be decided by each facility. Equipment 
in the preventative maintenance and functional performance testing program typically include cage and 
bottle washers, autoclaves, anesthetic vaporizers, room sterilization equipment, individually ventilated 
cage systems, biological safety cabinets, fume hoods, laminar flow animal transfer stations, automated 
water systems, humidifiers, and environmental monitoring systems.

Pest Control

Pest control programs should be well documented. This includes documentation of how structural penetra-
tions are sealed, how vermin entry is prevented, and methods of monitoring and protecting outside areas 
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from vermin nesting or congregation. Additional documentation should include monitoring that is in place 
to trap unwanted vermin and what is done if insects or evidence of wild animal entry is found. If any traps 
or chemicals are employed, these should be described in the pest control program with information related 
to the protection of research animals when using physical or chemical deterrents. The pest control program 
should indicate that researchers will be notified when vermin control measures are to be implemented.

Security and Access Control

Security of the laboratory animal facility is essential to the welfare of the animals and to research stud-
ies that are being conducted. A central paper or electronic file should be kept identifying each individual 
who receives access to animal facilities. The rooms, areas, and other information concerning access 
should be kept in these files. Ideally, a method for reviewing access records will be in place with the abil-
ity to terminate access when appropriate. Such control may not be practical, however, for decentralized 
or agricultural facilities.

Water Quality Monitoring

Water is an essential component of the health and well-being for both terrestrial and aquatic animals. 
Documentation must be in place describing the components of any water system, and this should include 
a description of the water source, treatment or purification process, and how water is provided to the ani-
mals. Quality control should include monitoring for contaminants and other parameters, including pH, 
alkalinity, hardness, and other parameters listed in the Guide (NRC 2011). Routine test results should 
be documented and reviewed periodically. If automatic water delivery systems are used, a description or 
SOP for maintenance, testing, and sanitization is advisable.

Sanitation Monitoring

Sanitation monitoring should be documented on a regularly scheduled basis as determined by each 
facility. Items that may be included in the sanitation monitoring program are cages, housing racks, room 
surfaces, transport equipment, enrichment devices, and research or behavioral testing equipment or other 
hard-surface devices used within the animal facility. Monitoring information should be collected rou-
tinely and documented, and reviewed by knowledgeable staff. Documentation of contamination correc-
tion plans should be retained for future reference.

Controlled Drugs

Drug security and control are the responsibility of each facility that receives, maintains, or distributes 
any controlled drugs. Most countries have established their own enforcement agencies similar to the U.S. 
Department of Justice Drug Enforcement Administration. Drugs, substances, and certain chemicals used 
to make drugs are classified into five distinct categories or schedules depending on the drug’s acceptable 
medical use, and abuse or dependency potential. Schedule I drugs are considered the most dangerous, 
with a high potential for abuse. As the drug schedule changes—Schedule II, Schedule III, and so forth—
so does the abuse potential; Schedule V drugs have the least potential for abuse.

Detailed records are required, and documentation of receipt and dispensing of controlled drugs must 
be maintained. A controlled substance logbook is typically kept with the name of the drug, identification 
number, and date the drug was received. When a controlled substance is dispensed, the date, amount 
used, patient or project, and identification of the person who dispensed the drug should be recorded in 
the controlled drug log. Records retention may vary by country, but in the United States, all records 
pertaining to controlled substances must be kept for 2 years and be made available for inspection by 
duly authorized officials of the Drug Enforcement Administration (CFR 2016a). In the case of loss of 
controlled substances, the regional Drug Enforcement Administration and local police department must 
be notified. A theft report form (DEA-106) must be completed and sent to the nearest office of the Drug 
Enforcement Administration.
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Inspections and Site Visits

In the United States, whenever animals are held that are covered under the AWA, institutions are inspected 
without notification on a regular basis by a USDA/APHIS inspector. Inspectors will review all documen-
tation associated with these animals to ensure that the facility, husbandry, veterinary care, and IACUC/
OB practices are in compliance with the AWAR (USDA 2015). It is essential that all documentation 
related to the animal care and use program be current, accurate, and available. In the United Kingdom 
and most of Europe, a Named Animal Care and Welfare Officer (NACWO) is appointed and charged 
with oversite and reporting back to the Home Office (Council of Europe 1986; European Parliament and 
the Council of the European Union 2010).

During any USDA/APHIS inspection, it is important to provide relevant and required records. Active 
records kept in animal rooms, surgery, and support spaces must be made available, and historic files 
concerning the care and use of all covered animals must be accessible. Typically, animal care and use 
files are maintained for at least 3 years after the completion of the activity and inspection reports from 
USDA/APHIS, and all related correspondence should be maintained for at least 3 years. Whenever the 
USDA/APHIS administrator notifies a research facility in writing that specified records shall be retained 
pending completion of an investigation or proceeding under the AWA, the research facility shall hold 
those records until their disposition is authorized in writing by the administrator.

AAALAC International is a private, nonprofit organization that promotes the humane treatment of 
animals in science through a voluntary assessment and accreditation program. Research programs that 
participate in the AAALAC accreditation process demonstrate that they meet the minimum standards 
required by law, and are also going the extra step to achieve excellence in animal care and use. An 
important document related to the AAALAC accreditation process is the program description, which 
provides a description of the animal care and use program in specific detail. AAALAC site visitors will 
review all aspects of an animal care and use program (typically every 3 years), and they will verify that 
all operations are as described in the program description. Key representatives of the animal program 
will be interviewed, and facilities will be toured while practices and procedures are observed. Also, 
documentation related to animal care and use will be reviewed to ensure compliance with regulatory 
requirements and high standards of animal care. Facilities should document the highlights of the site 
visit and record any comments presented at the exit briefing. Follow-up activities and correspondence 
will be documented according to the AAALAC accreditation process (AAALAC International 2016).

Good Laboratory Practice

Preclinical studies conducted in the United States that demonstrate the safety of a drug, biologic, or 
medical device are regulated by the U.S. Food and Drug Administration (FDA) and are typically referred 
to as GLP for nonclinical studies (CFR 2016b). FDA GLP regulations were implemented in 1979 with 
the intent of ensuring the reliability, validity, and reproducibility of test results in order to establish a 
dependable foundation for assessing the risks and benefits of the product being tested. GLP studies typi-
cally utilize animals, and FDA regulations mandate specific documentation responsibilities. Reference is 
made to Subpart J in CFR (2016b) for specific information regarding requirements for storage, retrieval, 
and retention of GLP records. Although the focus of this chapter is GLP, mention is made here also of 
good manufacturing practices (GMPs), which is another set of regulations found in CFR 21, Part 211 
that are governed by the FDA for ensuring the safety and integrity of drugs (CFR 2016c). The GMPs are 
applied for products that are developed for use by human beings, while GLPs are applied for nonclinical 
laboratory studies. The areas that come under GMP are facilities and buildings, equipment, production, 
process control, packaging and labeling, laboratory controls, and returned or salvaged drug products. 
Additional information regarding GMP requirements may be found in Oechslein (2015).

GLP documentation requirements may be met using electronic systems, and commercial software 
packages are available for this purpose. The regulations contain specific requirements for electronic 
records and signatures, and the reader is referred to “Bioresearch Monitoring Good Laboratory Practice” 
(FDA 2016) for additional information.
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Organization and Personnel

Employee Files

Personnel who supervise or conduct a GLP study must have the education, training, and experience to 
perform their job duties. This information must be retained for each employee.

Management Responsibilities

The testing facility management is responsible for several assurances, and in regard to documentation, 
it must ensure that any deviations from the regulations are recorded. Other documentation responsibili-
ties at the management level include

• The study director has overall responsibility for study documentation and must ensure that 
all experimental data is accurately recorded and verified. Additionally, the study director is 
responsible for documenting unforeseen circumstances and corrective actions that are taken, 
along with ensuring that all study documentation (including raw data, protocols, and final 
reports) is archived at the close of the study.

• The quality assurance unit must maintain a copy of a master schedule sheet containing gen-
eral information regarding all GLP studies conducted at the facility. Also, the responsibilities 
and procedures of the quality assurance unit, along with inspection records and the method 
of indexing inspection documents, must be written down. Copies of protocols, study status 
reports, and the final study report must be documented.

Standard Operating Procedures

A GLP testing facility must have written SOPs. Deviations from SOPs must be documented and signifi-
cant changes must be authorized in writing by management. SOPs must be established for at least the 
following animal study activities:

• Animal room preparation

• Animal care

• Receipt, identification, storage, handling, mixing, and method of sampling test and control 
articles

• Test system (i.e., animal) observations

• Laboratory tests

• Handling of animals found moribund or dead during a study

• Necropsy of animals or postmortem examination of animals

• Collection and identification of specimens

• Histopathology

• Data handling, storage, and retrieval

• Maintenance and calibration of equipment

• Transfer, proper placement, and identification of animals

SOPs must be immediately available in the laboratory area and an historical file of each, including 
revisions and corresponding dates, must be maintained.

Equipment

Written SOPs that define the methods, materials, and schedules used in inspection, cleaning, main-
tenance, testing, calibration, and/or standardization of equipment are required. Specific personnel 
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(generally identified by job title) who are responsible for performing each operation must be indicated. 
SOPs should also specify actions to be taken in the event of failure or malfunction of the equipment.

Written records of equipment operations and maintenance must be maintained. These records must 
contain the date of the operation and whether the maintenance operations were routine and followed the 
written SOPs. Nonroutine repairs performed as a result of equipment failure and malfunction require 
written records that document the nature of the defect, how and when the defect was discovered, and any 
remedial action taken.

Animal Care

SOPs are required for the housing, feeding, handling, and care of animals. Any clinical treatment must 
be documented and these records retained. Feed and water must be analyzed periodically and the raw 
data must be maintained. Finally, the use of pest control measures must be documented. FDA inspec-
tors may ask to see a written SOP for pest control, along with documentation of implementation of these 
procedures.

Select Agents

Biological agents and toxins that have the potential to pose a severe threat to public health and safety, 
animal or plant health, or animal or plant products are referred to as select agents and toxins (or simply 
select agents). Oversight of select agents occurs through the Federal Select Agent Program (FSAP), 
which is implemented jointly by the Centers for Disease Control and Prevention’s (CDC) Division of 
Select Agents and Toxins (DSAT), and the USDA/APHIS, Agricultural Select Agent Services (AgSAS). 
Registration with the FSAP and adherence to the select agent regulations (CDC and USDA/APHIS 
2014a) is required for any person or entity that possesses, uses, and/or transfers a select agent or toxin. 
Part of this responsibility includes appointing a responsible official (RO) who is accountable for compli-
ance with the regulations and who has authority to act on behalf of the institution. There are a total of 
65 select agents (CDC and USDA/APHIS 2014b), and extensive documentation is required to meet the 
regulatory requirements and ensure that the institution is prepared to manage their use appropriately. 
Records must be accurate, comprehensive, and secure. All records must be retained for at least 3 years. 
Records and documentation may be maintained on paper and/or electronically, and it is advisable that 
backup copies be kept.

Initial Registration and Other Forms

The Application for Registration for Possession, Use and Transfer of Select Agents and Toxins (APHIS/
CDC Form 1) must be completed and sent to the DSAT (human select agents), to AgSAS (animal or plant 
select agents), or to either agency if overlap agents (i.e., those that are hazardous to both humans and ani-
mals) will be used. The appropriate sections of Form 1 are to be submitted anytime there is a change at 
the institution. Any correspondence associated with an application or an amendment should be retained. 
Other APHIS/CDC forms and the reasons for their use are:

• Form 2: To request approval to transfer select agents from one registered entity to another regis-
tered entity. Shipping invoices and related materials should be included with Form 2. Note that 
approval is not required to transfer toxins in quantities below a specified amount listed in the 
regulations, although these may only be transferred after documenting that the recipient has a 
legitimate need to use and possess the toxin.

• Form 3: To be submitted within 7 calendar days upon discovery of a theft, loss, or release of a 
select agent and toxin.

• Form 4: To report identification of a select agent or toxin isolated from a clinical specimen or 
environmental sample (Form 4A), or from a proficiency (comparative) sample test (Form 4B).
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• Form 5: To request an exemption from the select agent regulations for an investigational product.

• FD 961: To obtain a security risk assessment (SRA) for every individual listed on the registra-
tion form who requires access to select agents; resubmitted for each person every 3 years.

Biosafety Plan

A written biosafety plan commensurate with the risk of the select agents that are possessed must be 
developed and implemented (CDC and USDA/APHIS 2014a). The plan must include an occupational 
health program for individuals with access to Tier 1 agents (i.e., a subset of select agents that pose a 
severe threat to public health and safety) and to severe acute respiratory syndrome (SARS). Additional 
information regarding the occupational health program requirements may be found at “Occupational 
Health Program Guidance Document for Working with Tier 1 Select Agents and Toxins” (CDC and 
USDA/APHIS 2013a). The biosafety plan must be specific to each laboratory where the select agents are 
used. Alternatively, an institutional plan may be developed with an attached plan for each laboratory. The 
plan must provide instructions on the risks and ways to mitigate them.

The elements of the biosafety plan can only be determined by performing an institution-specific risk 
assessment, although guidance for what may be included has been provided in the Responsible Official 
Resource Manual (CDC and USDA/APHIS 2013b). The presence of animals at a facility necessitates 
a biosafety plan for their care and handling, and the components of the plan will depend on the animal 
species, agents used, procedures conducted, and facilities. SOPs may be used, and if so, these should be 
referenced and where they can be accessed in the biosafety plan noted.

Electronic accessibility of the biosafety plan, via web page or otherwise, is becoming more common, 
as this format enhances accessibility and editorial convenience. Staff should be kept apprised of changes 
when they are made to the electronic document. Written biosafety plans should be subject to document 
tracking to ensure that when changes are made, all plans are updated accordingly.

Security Plan

A security plan, based on a site-specific security risk assessment, is required for every registered entity. 
Each security plan is unique; however, the following components must be included in all plans:

• A description of procedures for controlling the long-term select agent inventory

• Procedures for ensuring information security (e.g., inventory access logs, passwords, and entry 
logs)

• A description of how access to animals exposed (or possibly exposed) to select agents and their 
safeguarding is controlled, along with escaped animal procedures

• Security procedures when the laboratory must be cleaned or repaired, including information 
regarding granting and recording access and escort provisions for maintenance personnel, and 
securing select agents during cleaning or repair

• Procedures for identifying and removing unauthorized individuals

• A description of access procedures (e.g., identify who authorizes and provides keys or access 
cards or codes, and who removes access and collects keys or cards), along with the response 
procedures when keys, cards, or codes are lost

• Response procedures following theft or loss of select agents, or when inventory records are 
altered

• A description of requirements (e.g., security drills and exercises) that will ensure that all per-
sonnel with select agent access are aware of security policies and procedures

The security plan should undergo annual review or whenever changes, such as facility renovation or 
addition of new projects, occur.
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Incident Response Plan

A written incident response plan is required with the intent of defining measures that would be taken 
to mitigate the impact of natural and man-made threats. The plan must be based on a site-specific risk 
assessment, and it should be developed in harmony with institution- or community-wide plans. Notably, 
for institutions using animals, the plan must include how animals infected with select agents will be 
handled during emergency situations, and this must include a description of the response to the release of 
infected animals into the laboratory, building, or community. Also, if the institution works with animals 
and it possesses select agent plant pathogens, the impact of the release of the plant pathogens on animals 
and animal products must be considered. Other required parts of the incident response plan include a full 
description of the response to:

• Theft, loss, release, or inventory discrepancy for a select agent

• Security breaches

• Severe weather and natural disasters given the geographic location

• Workplace violence, bomb threats, or suspicious packages

• Fire, gas leak, explosion, and power outage

Contact information (home or cell phone, work phone, etc.) for key individuals should be included in 
the plan, including those for the RO and alternate RO, biosafety officer, animal care and veterinary staff, 
building manager and facilities management, and physical security official for the building. Contact 
information for local public safety entities (e.g., police, fire department, and hazardous materials man-
agement), along with that for the regional Federal Bureau of Investigation Weapons of Mass Destruction 
office, should also be listed. Other information that should be in the plan in case of an incident includes a 
description of each responder’s role in the response, information on procedures for rescue and provision 
of medical care, a list of personal protective equipment and its location, security and evacuation proce-
dures, a description of emergency medical treatment and first aid, and a description of decontamination 
procedures for impacted areas.

For institutions with Tier 1 agents (i.e., a subset of select agents that pose a severe threat to public 
health and safety), the incident response plan must also describe the response to a failure of intrusion 
detection systems such as locks, cameras, or alarms. Additionally, the plan must contain a description of 
how federal, state, or local law enforcement will be notified of possible criminal activity related to the 
institution, its personnel, or its select agents. Examples include unusual interest by outsiders in an institu-
tion’s select agent work, and unauthorized removal of select agents from designated areas.

Training

The RO has the responsibility to ensure that training is conducted and documented (CDC and USDA/
APHIS 2014a). Training should be appropriate for the work that an individual is performing; for exam-
ple, a laboratory technician who conducts animal research with plague bacteria will require extensive 
biosafety training to ensure that he or she knows how to work in a safe manner with this agent. Security 
training regarding how to protect select agents from theft or loss, and incident response training on how 
to react to emergencies also should be provided. Note there is a special training requirement for institu-
tions with Tier 1 select agents in that insider threat awareness briefings, which relate to identification 
and reporting of suspicious behaviors, must be provided annually to individuals with an SRA (CDC and 
USDA/APHIS 2014a).

Initial and annual refresher training must be provided and documented for each individual who has 
access to select agents, that is, for those individuals with a security risk assessment. The RO must ensure 
that each training record includes:

• Name of the individual

• Date of training
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• Description of the training

• Means used to verify that the employee understood the training (e.g., by testing to ascertain 
the employee’s comprehension, or by asking the employee to sign a verification that he or she 
understood the training)

Individuals who do not have an SRA (e.g., IACUC/OB members during semiannual inspections) may 
go into select agent areas with an escort. However, there must be a training record that these individuals 
have received instructions and signed that they received and understood the instructions prior to escorted 
entry. Recurring visitors (i.e., individuals who enter a select agent area on a regular basis) must receive 
training once per year, and there must be documentation that they received and understood the training.

It is the RO’s responsibility to ensure that all training records are maintained for at least 3 years, even 
if the individual leaves the institution before the end of that time. There is no required way to document 
training, although an individual file for each trainee may help ensure accurate oversight. Paper records 
are acceptable, as are computer-based systems, which are available commercially.

Other Documentation

Further details on the documentation listed below may be found in the Responsible Official Resource 
Manual (CDC and USDA/APHIS 2013b).

• Access records: The RO must ensure that there is a record of who has access to rooms where 
select agents are used and stored. This should include a record of who has been assigned codes, 
keys, combinations, or other security mechanisms that are needed for access.

• Audits

• Internal: Annual internal audits are to be conducted, and a copy of these, including docu-
mentation of the deficiencies identified and their resolution, are to be maintained.

• External: This includes inspections, reviews, certifications, or audits by other agencies, 
accreditation organizations, or groups. There is no regulatory requirement to maintain 
these documents; however, they could be useful in responding to FSAP inquiries.

• IBC minutes: FSAP inspectors may ask to review IBC minutes (although there is no require-
ment under the select agent regulations for this committee).

• List of select agents and toxins: The RO should maintain a record of the select agents for which 
the institution is registered (these will be identified in the initial registration and amendments), 
where the select agents are located, and a current inventory for each. Electronic inventory sys-
tems are available that can facilitate this requirement.

• List of personnel with an SRA: For each individual, the list should include:

• Name

• Date of submission request for SRA

• Date of SRA approval

• Date when access to select agents was allowed

• SRA expiration date (3 years after approval date)

• Health-related entry requirements: These include personal records of immunizations, respira-
tory evaluations, baseline sera, or health evaluations required for individuals working with select 
agents. This information is often confidential and is kept by the occupational health service.

• FSAP inspection reports: These reports, including the response to deficiencies and all follow-
up documentation, should be maintained by the RO.

• Drills and exercises: These interchangeable terms refer to activities conducted by an institution 
that ensure that the biosafety, incident response, and security plans are adequate. Documentation 
of such activities, although not required, provides evidence that the institution has engaged in 
these drills or exercises.
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• Commissioning and verification: Commissioning is a process that ensures that all systems in a 
facility perform as designed. The original commissioning document for animal biosafety levels 
(ABSLs) 3 and 4 facilities and subsequent annual verification documentation should be maintained.

• Equipment records: Maintenance records for biological safety cabinets, autoclaves, digesters, 
liquid effluent decontamination systems, high-efficiency particulate air (HEPA) filters, exhaust 
fans, and other lab equipment should be maintained. Also, sterilization verification should 
be kept for autoclaves, and records of decontamination verification should be maintained for 
digesters and liquid effluent decontamination systems.

• Internal transfer records: Transfer of select agents within an institution (e.g., from one labora-
tory to another) should be maintained. An internal transfer form may be developed for this 
purpose (note that APHIS/CDC Form 2 is not required for internal transfers).

• Restricted experiments: These are experiments that require review and approval by FSAP 
before they may be conducted. Specific information regarding these types of experiments may 
be found in Section 13 of the select agent regulations (CDC and USDA/APHIS 2014a) and in 
the Responsible Official Resource Manual (CDC and USDA/APHIS 2013b). All documenta-
tion, including the letter requesting the FSAP review, supportive documents, and related cor-
respondence, should be maintained.
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16
Existing and Emerging Information Technology

Thomas R. Meier and Kenneth R. Boschert

Introduction

Information technology (IT) is the technology involving the development, maintenance, and use of com-
puter systems, software, and networks for the processing and distribution of data. IT management is the 
discipline in various forms of how IT is managed in accordance with priorities and needs of the business 
or organization. IT can be used to support many aspects of animal care and use programs, including the 
Institutional Animal Care and Use Committee (IACUC) and animal care departments responsible for 
husbandry and veterinary care.

IT in the IACUC Office

As animal care programs, regulatory expectations, and IACUC processes have become increasingly 
complex, the utilization of IT to track, manage, and report on programmatic elements has become com-
monplace. Institutions typically purchase a commercial software package or utilize their own IT depart-
ment to develop a custom application to support the animal care program. Commercially available IT 
solutions may require customization to meet the individual program needs. Institutions are encouraged 
to evaluate both in-house and external options when selecting an animal program management software 
suite.

Several IACUC office functions benefit from an electronic interface. Protocol authorship, modifica-
tion, and submission through electronic systems have become quite common. Depending on the size of 
the program and volume of protocols, the utilization of IT in the protocol review and submission process 
may range from very simple to extremely complex. For example, a small program with relatively few pro-
tocols may be able to leverage the typical suite of office tools (Word®, Excel®, and Adobe Acrobat®), with 
e-mail communication to effectively manage the program. Advanced editing features, such as tracking 
changes and adding comments to documents, can become a component of the protocol review process. 
The disadvantage of this simple approach is that the manual efforts required to move protocols through 
the different phases of review are not automated. In addition, the content and classification of particular 
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studies required for reporting to external agencies become burdensome due to the manual efforts of 
tracking information.

In larger, more complex programs, the utilization of a system to manage this information is criti-
cal to help reduce administrative burden. Commercially available and in-house developed programs 
can provide a secure, web-based method of submitting, modifying, reviewing, and approving IACUC 
submissions. Furthermore, data within the protocols can be summarized in reports (e.g., studies involv-
ing hazards, locations in which animals are utilized, and U.S. Department of Agriculture [USDA] pain 
categories). A well-constructed protocol form and reporting system can assist the animal care program 
in tracking and generating metrics pertaining to the program. It can also expedite routine tasks for the 
IACUC office, such as generating meeting minutes, excerpts, approval letters, and inspection reports.

IACUC protocols may include the use of biohazardous, environmental, or radiation hazards, and these 
often require external review by a related safety committee or officer. It may be advantageous to expand 
the IACUC protocol review process system to allow this outside review to occur in the same system. For 
example, linking the IACUC protocol to the Institutional Biosafety Committee (IBC) review process 
can reduce delays in review (e.g., even allow for simultaneous review by the IACUC and the particular 
external review group). It also helps to ensure congruency between submissions.

The IACUC is responsible for ensuring that personnel are adequately trained or have experience in the 
work being proposed. Regardless of whether the training is in a hands-on, web-based, or lecture format, 
tracking the completion of training or documenting competencies electronically facilitates the review of 
training and competency by the IACUC. The system used to track training does not necessarily need to 
be inside the IACUC protocol, if the two can be tied together through IT. The Collaborative Institutional 
Training Initiative (CITI) and American Association for Laboratory Animal Science (AALAS) Learning 
Library are both commercial electronic training solutions that support data migration and linkage to 
IACUC systems. The data feed requires some additional programming and internal support by the insti-
tution’s IT department. This provides the IACUC the ability to review personnel qualifications during 
protocol review, as well as assign and record training by staff.

Additional activities that can benefit from linking electronic systems include protocol–grant congru-
ency and participation in the occupational health program for personnel. Institutions conducting feder-
ally funded projects are expected to review the grant to ensure that the associated IACUC protocol is 
congruent. This is facilitated if the grant can be associated with the protocol electronically. Last, while 
personnel medical records are confidential, the IACUC protocol can help identify personnel that may 
require additional evaluation by the occupational health and safety department.

The ability to run reports and summarize the animal care program is essential. Organizations are 
required to report information about the animal care program to outside regulatory and accrediting agen-
cies on a regular basis. A well-constructed protocol form with logically developed reports can generate 
an organization’s annual USDA report, appendices, and tables for AAALAC program descriptions, and 
facilitate the inspection process by identifying areas in the program that require semiannual inspections. 
Specific reporting requirements for animal care programs are covered in Chapter 7.

Emerging IT in support of the IACUC function includes the use of tablets and mobile database soft-
ware to facilitate semiannual inspections.

IT in the Animal Care Department

As technology improves, the utilization of IT-based solutions for tracking information is growing in 
animal care departments. Animal program management software used by the IACUC often includes 
options for animal ordering, census, billing, and even electronic medical records.

The use of radio frequency identification (RFID) microchips or bar codes as a method of “counting” 
cages or animals for census or billing purposes has become commonplace. These methods reduce human 
error and can reduce the manual effort in collecting billing information. In today’s environment, animal 
care programs may have tens of thousands of rodent cages assigned to various investigators, under dif-
ferent IACUC protocols that are funded by different sources. Electronic identification of each cage helps 
ensure that the correct principal investigator (PI) and funding source is charged for services. Electronic 
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census, as this process is commonly referred to, is integrated into the animal facility management soft-
ware for billing purposes. In addition, the animal care department can use this information to evaluate 
volumes of cages and project growth in various housing types and across areas of the vivarium.

Electronic census still requires staff to perform census counts and does not replace the need for peri-
odic manual reconciliation of cage counts. Electronic census has the advantages of improving the accu-
racy of billing, expediting the counting process, and reducing human error versus hand-counting cages. 
However, it does not necessarily reduce the number of staff required to support census-related activities.

Another common component of animal facility management software facilitates the animal ordering 
process. Web-based or software applications allow research staff to order animals for a particular proto-
col. The application also gives investigators control over the quantity and time that specific animals are 
delivered to a chosen animal holding room in a particular facility. Depending on the complexity of the 
ordering system, investigative staff can choose the particular strain, vendor, age, and/or weight of ani-
mals for their study. This information is typically relayed to the animal care department, which supports 
the procurement process. Current electronic ordering systems are capable of facilitating communica-
tion by sending automated messages to study staff and facility managers when animals are ordered and 
received. This provides facility managers the opportunity to verify that adequate housing exists prior to 
approval or shipment of the order.

Electronic medical record systems provide a systematic method of documenting clinical observations, 
treatments, surgical procedures, and preventive medicine activities. Electronic medical records can hold 
diagnostic information, such as radiograph or clinical images, as well as clinical notes by the veterinary 
and research staff. The systems also permit multiple users to view a record from different locations 
simultaneously. The emergence of tablets and mobile devices further expands the range of the utility of 
electronic medical records, as a desktop computer is no longer a prerequisite for access.

Electronic records also bring the advantages of not occupying physical space for storage and archiving 
of records. Institutions using paper-based medical records may consider electronic archiving of old 
records through document scanning. Desktop scanners are currently capable of scanning more than 40 
double-sided pages per minute (in color), making this a reasonable consideration for archiving paper 
records of any type. Scanning software is also capable of optical character recognition (OCR) to rec-
ognize text in documents, thus making the contents of these documents searchable for easier retrieval. 
OCR is available through scanning software and Portable Document Format (PDF) applications, such 
as Adobe Acrobat Professional®. It should be noted that OCR is designed to recognize type-written text 
versus an individual’s handwriting; therefore, its application is best aimed toward printed fonts versus 
handwritten material.

While not technically a component of the animal’s medical record, documentation of animal enrich-
ment and social housing records represents an emerging need in animal care programs. The authors 
expect that the ability to document social housing groupings and pairings and enrichment provisions has 
already been, or will soon be, incorporated into electronic medical record systems developed to support 
the current animal research facility. Paper-based records for fish and rodent colonies have always posed 
a challenge for animal care programs to manage effectively. The use of wireless Internet-enabled mobile 
devices to access and update medical records eliminates many of the challenges with large volumes of 
records.

Complex breeding records for transgenic and knockout mice may be tracked and maintained via sev-
eral animal colony management databases (Allwood et al. 2015). These systems may help researchers 
improve efficiency and reduce animal numbers. Various software packages, either free or commercially 
available, may provide real-time information and track animal events, as well as provide searching and 
other tools for the maintenance of cage cards, pedigree, mating, and litter information.

In today’s environment, standard operating procedures (SOPs) are typically in an electronic format. 
These documents are often based on a Microsoft Word format and can be converted to PDF to prevent 
unauthorized editing.

Content management systems are applications (often web based) used to “manage the content” of a 
variety of different online resources. Content management systems are utilized in support of websites to 
keep information organized and current. They can allow authorized users access to publish information 
to the website for instantaneous updates to the site’s content. In addition, content management systems 
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can be used to create fully searchable libraries of SOPs. Such systems can trigger electronic notifications 
when SOPs are due for regular review, and they often include a review process to ensure proper docu-
ment control.

Essentially every event in the animal facility is subject to being tracked or measured by some means. 
Simple examples utilized by the authors include monitoring the incidences of automated watering valve 
failure and managing a schedule for health monitoring testing. By putting information into spreadsheets, 
databases, and other systems, the organization of data becomes easier to manage. In turn, the summation 
of large amounts of data becomes easier to accomplish.

Communication and Collaboration in the Current Environment

A server is essentially one or more computers linked together on a network that are capable of “serving 
up” client requests (i.e., requests for information) or storage information on a remote and secure drive. 
Web servers, for example, allow for the hosting of web pages on an internal or external site (i.e., hosting 
a website). Data servers often consist of entire rooms of linked computers that are used to store data. One 
primary advantage of saving data on a server is that the institution’s IT department may perform regular 
backup of this information. Access to servers or network storage is managed by setting individual user 
permissions to determine what data is accessible. Servers are also considered to be fairly secure since the 
server is usually only available through the institution or a virtual private network (VPN) connection to 
the institution. The centralization of data creates the necessity for safeguards to be in place to protect this 
information. This can be achieved by managing which user accounts have access to what data, whether 
their access is read only versus read/write, as well as ensuring that there is an adequate backup plan in 
case of system failure.

Hard drives and USB drives are considered “local” storage. The data accessed on the hard drive or 
USB drive is only available to the individual using the computer. The use of local storage modalities for 
secure data is not recommended due to the fact that the risk of theft of the drive and/or failure of the drive 
can result in total data loss. USB drives with encryption and password protection are available to address 
data security; however, this does not help the user in the event of loss or theft.

Cloud storage (e.g., Google Drive®, Dropbox®, and Microsoft OneDrive®) represents existing 
and emerging methods of storing and sharing data “in the cloud.” In all cases, the data is stored on 
remote servers and accessible through integrated software or web-based applications (Aharony 2014; 
Goldsborough 2015). Google’s approach to cloud-based computing is entirely web based. Google Drive, 
Docs, and Sheets represent web-based applications for online document creation, editing, sharing, and 
collaboration. Users can create a document and share with others for collaboration through granting-
sharing permissions. Institutions should look to their IT department for guidance on whether cloud stor-
age solutions are recommended or supported. Any product that allows users to share information with 
others is at risk of inadvertent dissemination of private data.

Dropbox differs from Google Drive in the respect that a local version of the files in the cloud drive is 
maintained on the user’s computer in a folder called “Dropbox.” The Dropbox application runs in the 
background and monitors the Dropbox folder and subfolders for changes. If a file is added, removed, or 
changed, the respective changes are uploaded to the Dropbox server and subsequently synchronized to 
any other computer the account owner has authorized to use the application. Dropbox users can share 
documents and folders within their Dropbox with other users to facilitate everything from document col-
laboration to sharing photos with family.

OneDrive is Microsoft’s solution for online cloud storage. It functions very similar to Dropbox in that 
the user can maintain their OneDrive folder on their local computer, which synchronizes with the cloud 
and other devices with OneDrive installed. The competitive advantage of OneDrive is simple integration 
into Microsoft Word, Excel, PowerPoint®, and other Microsoft applications that can save directly to the 
cloud server without the use of a local folder.

These are but a few of the more common and popular cloud-based solutions for file storage and col-
laboration. All offer free accounts with a limited amount of storage, with options to increase storage for 
a fee. In addition, all these cloud-based methods of storage are commonly integrated into mobile device 
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applications, giving the user access to their Dropbox, Google Drive, or OneDrive from their smartphone 
or tablet. There are several factors that impact end users’ adoption to cloud computing, many of which 
are end user characteristics. These include perceived ease of use, personal innovativeness, threat or chal-
lenge, self-efficacy, and openness to experience.

The acceleration of smartphone and tablet technology has revolutionized the way information is gath-
ered, shared, and communicated among peers. These devices facilitate calendaring, web access, task 
management, electronic books, and instant messaging in a device once limited to voice calls. Current 
smartphones can provide location information using global positioning system (GPS), capture quality 
images, record high-definition video and audio, and transmit this data through Bluetooth, Wi-Fi, or 
cellular data connections. Mobile devices also represent a viable videoconferencing option. The pos-
sibilities for utilization of mobile devices are still growing, as the catalog of available apps is continually 
expanding.

The use of videoconferences and teleconferences has existed for some time. Videoconferences can 
include live video or audio of participants and the ability to share the view of one person’s computer 
screen with others over a secure connection. The combination of broadcasting the audio and screen of 
a presenter to one or many viewing participants is the definition of a webinar, where a presentation is 
hosted and transmitted to many viewers. Webinars give the user an opportunity to participate in a lecture 
or presentation from the comfort of their office. Several oversight and educational bodies, such as the 
Office of Laboratory Animal Welfare (OLAW), National Association for Biomedical Research (NABR), 
AAALAC, AALAS, and USDA, host webinars targeting animal care and use programs for the dissemi-
nation of information on timely topics, regulatory updates, and other helpful information for animal care 
program managers.

Information Technology Security

Keeping data secure and protected is a field that is evolving as fast as IT itself. We refer the reader to 
Chapter 19 for further discussion of IT security.

Social Media

Social media, by a variety of electronic tools and platforms, serves as a means of communication and 
collaboration. Social media forums provide space for users to have conversations, share information, 
and create web content. There are many platforms for social media, including blogs, microblogs, wikis, 
social networking sites, instant messaging, photo-sharing sites, video-sharing sites, podcasts, and virtual 
worlds. Earlier Internet tools, such as e-mail and LISTSERV® mailing lists, continue to provide solid 
communication venues for laboratory animal professionals. We live in a time of great innovation, and 
undoubtedly, different methods will arrive on the scene to connect us in new and exciting ways.

Many people are interested in developing and maintaining a social media presence in personal and 
professional capacities. When used appropriately, social media can be a useful adjunct to a department’s 
or individual’s communications approach. On an individual level, social media can contribute to pro-
ductive task-oriented and relationship-building behavior. Using social media makes it possible to share 
information and make connections around the campus or around the world. On a personal level, social 
media allows you to communicate with family and friends, learn new concepts, develop your interests, 
or be entertained. On a professional level, social media can expand your knowledge in a particular field 
and allow you to connect with other professionals that have common interests. At a company level, 
social media allows you to have a conversation with your audience, gain customer feedback, recruit new 
employees, and elevate your brand. You can also use social media to control your message or provide 
correct information quickly.

Unfortunately, social media can also support deviant behavior (Carlson et al. 2016). Social media 
allows for users to share photos, videos, thoughts, and feelings with a large networked audience in ways 
that have not existed before. The repercussions for some actions, whether malicious or accidental, can 
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be significant and nearly impossible to control. Responsibility for what is posted by a user is a personal 
responsibility. Institutions are encouraged to create social media policies or guidelines for staff.

In academic settings, some IT departments make internal tools or common platforms available for 
their users (Sharepoint®, Wordpress®, and Wordsphere®). If you wish to establish a social media pres-
ence in the public domain, the choices available are numerous, although not all social media sites will be 
worthwhile or appropriate for your department’s brand or goals.

Before launching an official account on a new social media site for your department, you may want to 
consider trying it on a personal level. Create an account for yourself and use it. Observe how others use 
the site and the frequency, type, and popularity of content being generated. Look at how your depart-
ment would fit in. An effective strategy would be to master one or two sites and avoid diluting your social 
media efforts. Choose and use a platform that allows you to share your content with the appropriate 
audience.

Presently, some of the more common web-based and mobile app social media platforms include 
Facebook®, Tumblr®, Twitter®, LinkedIn®, and YouTube®.

Facebook (http://www.facebook.com) is a social networking site that allows people from around the 
world to network with friends, companies, and organizations. In the authors’ opinion, departments look-
ing to build overall brand awareness should consider using Facebook. You can post new content, includ-
ing videos, photos, events, and links to news stories.

Tumblr (http://www.tumblr.com), a blogging site, allows users to post text, images, videos, links, 
quotes, and audio. It is especially useful for pictures, videos, and longer written content.

Twitter (http://www.twitter.com), a microblogging site, allows people to post messages (“tweets”) lim-
ited to 140 characters or less. Those looking to engage an audience at a high frequency and have the 
resources to respond promptly should consider using Twitter. It is useful for posting information about 
events, research, news stories, and more.

LinkedIn (http://www.linkedin.com), a business-related social networking site, is used mainly for 
professional networking. It is very useful to connect with current employees or alumni via creation of 
a LinkedIn group. Most often, it is used for job postings, describing academic programs and research 
projects, and announcing meetings and other events.

Several lab animal–related organizations maintain an online presence on LinkedIn, including AALAS, 
the American College of Laboratory Animal Medicine (ACLAM), the American Society of Laboratory 
Animal Practitioners (ASLAP), and the Academy of Surgical Research. Informal discussion groups are 
also present, including several relevant to lab animal professionals and veterinarians. These are easily 
discoverable via a group search on the LinkedIn main site (Baran 2012).

YouTube (http://www.youtube.com) is a massive video-sharing site run by Google. Those producing a 
large volume of video content should consider creating a YouTube channel to publish their availability.

With all social media efforts, keep in mind the sensitive nature of animal research. While you can 
maintain a presence on any social media platform, it is important to maintain discretion when deciding 
what might be posted for public consumption.

Other social media services that may appeal to specialty audiences include

• ResearchGate (http://www.researchgate.net/), a service that connects researchers and allows 
them to share and access scientific output, knowledge, and expertise

• Academia (https://www.academia.edu/), which provides a method of sharing scientific papers 
and improving citation relevance

E-Mail

Before the presence of web and mobile applications, e-mail was the predominant method of communica-
tion. E-mail arguably remains the most common method to communicate among lab animal profession-
als and those in science. E-mail distribution servers (i.e., LISTSERV) have long been available whereby 
groups with a common interest can send and receive e-mail from subscribers to that group. Some remain 
very popular and have thousands of subscribers.
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AALAS (http://www.aalas.org) sponsors several mailing lists of interest for lab animal profes-
sionals, including Compmed, Techlink, IACUC-Forum, and Laboratory Animal Welfare Training 
Exchange (LAWTE). Other popular listserv mailing lists include ProMED (http://www.promedmail 
.org), Gnotobiotics (https://listserv.uab.edu/scgi-bin/wa?A0=GNOTOBIOTICS), MGI-List (http://
www .informatics.jax.org/mgihome/lists/lists.shtml), Rat Community Forum (http://mail man.mcw 
.edu/mailman/listinfo/rat-forum), Embryo Mail (http://embryomail.net), and VetProf (http://www.vetprof 
.com).

A number of groups provide informative e-mail newsletters covering a wide variety of medical, 
scientific, and management topics, including Americans for Medical Progress (AMP) (http://www 
.amprogress.org), NABR (http://www.nabr.org), Foundation for Biomedical Research (FBR) (http://
www.fbresearch.org), American Veterinary Medical Association (AVMA) (http://www.avma.org), 
AAALAC (http://www.aaalac.org), Davis Thompson Foundation (http://www.cldavis.org), Jackson 
Laboratory  (http://www.jax.org), Charles River (http://www.criver.com), Taconic (http://www.taconic 
.com), Envigo (http://www.envigo.com), Covance (http://www.covance.com/), and ALN (http://www 
.alnmag.com) and Lab Animal (http://www.labanimal.com) magazines. Several government agencies 
(https://www.govdelivery.com) also provide e-mail notifications of their activities, including OLAW 
(http://grants.nih.gov/grants/olaw/references/list .htm), the Food and Drug Administration (FDA) (http://
www.fda.gov/), the National Institutes of Health (NIH) (https://www.nih.gov/), the Centers for Disease 
Control and Prevention (CDC) (http://www.cdc .gov/), and the USDA (http://www.usda.gov/).

Useful Websites for Laboratory Animal Professionals

There are seemingly an infinite number of websites, which come and go each day, on the World Wide 
Web. While browser software applications such as Google® or Bing® provide great starting points for 
web searches, a number of specialty websites and databases may prove useful for laboratory animal 
professionals.

AALAS Learning Library (https://www.aalaslearninglibrary.org): Provides training for techni-
cians, veterinarians, managers, IACUC members, and investigators

ACVP—American College of Veterinary Pathologists (http://www.acvp.org): Promotes the 
advancement and sharing of knowledge, lifelong learning, and professional competency 
through its certifying examinations, educational programs, and journal

AFLAS—Asian Federation of Laboratory Animal Science Associations (http://www.aflas-office 
.org): Promotes through international cooperation Asian Congresses on Laboratory Animal 
Science for the purpose of reviewing scientific, technical, and educational problems in labora-
tory animal science

Agricola (http://agricola.nal.usda.gov): USDA database that provides citations to agricultural literature

Altweb (http://altweb.jhsph.edu): Clearinghouse for information on alternatives to animal testing

AnimalResearch.Info (http://www.animalresearch.info): An international collaboration of scien-
tists and researchers to provide reliable, detailed information about when and why it is appro-
priate to use animals, and the history of this area of research

ANZLAA—Australian and New Zealand Laboratory Animal Association (http://www.anzlaa 
.org): Association of professional experts involved with the care and welfare of animals used in 
research in Australia and New Zealand

APV—Association of Primate Veterinarians (https://www.primatevets.org): International organi-
zation concerned with the health, care, and welfare of nonhuman primates

ASR—Academy of Surgical Research (http://surgicalresearch.org): Promotes the advancement 
of professional and academic standards, education, and research in the arts and sciences of 
experimental surgery
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BioGRID—Biological General Repository for Interaction Datasets (http://thebiogrid.org): Public 
database that archives and disseminates genetic and protein interaction data from model organ-
isms and humans

CALAS—Canadian Association for Laboratory Animal Science (http://calas-acsal.org): 
Association dedicated to providing high-quality training and educational resources to animal 
care professionals across Canada

CCAC—Canadian Council on Animal Care (http://www.ccac.ca): National peer review organiza-
tion responsible for setting, maintaining, and overseeing the implementation of high standards 
for animal ethics and care in science throughout Canada

CDC—Centers for Disease Control and Prevention (http://www.cdc.gov): Conducts critical sci-
ence and provides health information to protect against health threats

Digires—Digital Resources for Veterinary Trainers (http://www.digires.co.uk): Produces digital 
material for those involved in the training of research workers, veterinarians, and others who 
work with animals

EARA—European Animal Research Association (http://eara.eu): Communications and advocacy 
organization whose mission is to uphold the interests of biomedical research and health care 
development across Europe

eMICE (http://emice.nci.nih.gov): Provides information, communication, and education about the 
wide variety of animal cancer models

Enrichment Record (http://enrichmentrecord.com): Engages the lab animal community in an 
informed discussion about all aspects of enrichment for laboratory animals

EurekAlert! (http://www.eurekalert.org): Online global news service operated by the American 
Association for the Advancement of Science (AAAS)

FELASA—Federation of European Laboratory Animal Science Associations (http://www.felasa 
.eu): Represents common interests in the furtherance of all aspects of laboratory animal science 
in Europe

FLAIRE Learning—Flecknell Laboratory Animal Interactive Resources (https://flairelearning 
.com): Interactive resources to support the training of laboratory animal research workers and 
to continue the professional development of others who work with laboratory animals

FOAVet—Free open access veterinary knowledge sharing and collaboration (http://www.dvm 
.com): Promotes free knowledge sharing and collaboration for veterinary professionals

IAA—IACUC Administrators Association (http://iacucaa.org): Organization that facilitates 
opportunities for IACUC administrative professionals to share successful processes and ideas, 
as well as providing a venue to discuss emerging problems

IACLAM—International Association of Colleges of Laboratory Animal Medicine (http://www 
.iaclam.org): Provides a common platform at the global level for communication and represen-
tation of these colleges and their diplomates

IACUC Central (http://iacuc.org): Sponsored by AALAS, a comprehensive repository for all 
things IACUC

ICLAS—International Council for Laboratory Animal Science (http://iclas.org): International sci-
entific organization dedicated to advancing human and animal health by promoting the ethical 
care and use of laboratory animals in research worldwide

ILAR—Institute for Laboratory Animal Research (http://dels.nas.edu/ilar): A unit in the Division 
on Earth and Life Studies of the National Research Council, National Academy of Sciences; 
evaluates and reports on scientific, technological, and ethical use of animals and related bio-
logical resources, and of nonanimal alternatives in nonfood settings, such as research, testing, 
education, and production of pharmaceuticals

ILAR Journal (http://ilarjournal.oxfordjournals.org): Publication of the ILAR, which provides 
timely information for all who use, care for, and oversee the use of animals in research
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International Mouse Strain Resource (http://www.findmice.org): Searchable online database of 
mouse strains, stocks, and mutant embryonic stem (ES) cell lines available worldwide, includ-
ing inbred, mutant, and genetically engineered strains

Interspecies Differences Database (https://www.interspeciesinfo.com): Helps researchers make an 
optimal choice of species and strain of animal model

IVIS—International Veterinary Information Service (http://www.ivis.org): Provides informa-
tion to veterinarians, veterinary students, technicians, and animal health professionals world-
wide with free access to electronic books, proceedings of veterinary meetings, journals, short 
courses, and an international calendar of veterinary events

JoVE—Journal of Visualized Experiments (http://www.jove.com): A PubMed-indexed video jour-
nal with the goal of increasing the productivity of scientific research by publishing scientific 
research in a visual format

KOMP Repository—Knockout Mouse Project (https://www.komp.org): Trans-NIH initiative that 
aims to generate a comprehensive and public resource comprised of mouse ES cells containing 
a null mutation in every gene in the mouse genome

Laboratory Animals Limited (http://www.lal.org.uk): Registered charity that promotes education 
and training in laboratory animal science; publishes Laboratory Animals journal

LAMA—Laboratory Animal Management Association (http://www.lama-online.org): Association 
dedicated to advancing the quality of management and care of laboratory animals throughout 
the world

LAWTE—Laboratory Animal Welfare Training Exchange (http://www.lawte.org): Global organi-
zation that is expanding animal welfare and enhancing public understanding through effective 
training and education of animal research professionals

Macaque website (http://www.nc3rs.org.uk/macaques): Sponsored by the National Centre for the 
Replacement, Refinement & Reduction of Animals in Research (NC3Rs) and covers the life 
history of rhesus and cynomolgus macaques, their behavior, captive management, and tools for 
welfare assessment

Merck Veterinary Manual (http://www.merckvetmanual.com): Contains guidelines for the diag-
nosis, treatment, and prevention of animal disorders and diseases

MMRRC—Mutant Mouse Resource & Research Centers (https://www.mmrrc.org): Distributes 
and cryopreserves scientifically valuable, genetically engineered mouse strains and mouse ES 
cell lines with potential value for the genetics and biomedical research community

Monarch Initiative (https://monarchinitiative.org): Integrates, aligns, and redistributes cross-
species gene, genotype, variant, disease, and phenotype data

MRB (Mouse Resource Browser) (http://bioit.fleming.gr/mrb): Resource management project that 
provides a dynamic and interactive view of worldwide available mouse resources

National Academies Press (http://www.nap.edu): Publishes more than 200 books a year on a wide 
range of topics in science, engineering, and medicine, providing authoritative information on 
important matters in science and health policy

Netvet Veterinary Resources (http://netvet.wustl.edu): Large collection of links to veterinary med-
ical and animal-related resources

NIH ORIP—Office of Research Infrastructure Programs (http://dpcpsi.nih.gov/orip): Provides the 
research infrastructure and related research programs, and coordinates NIH’s science educa-
tion efforts

Norina (http://oslovet.norecopa.no): Provides information on laboratory animal science and alter-
natives to the use of animals in research, teaching, and school dissection classes

One Health Initiative (http://www.onehealthinitiative.com): Worldwide strategy for expanding 
interdisciplinary collaborations and communications in all aspects of health care for humans, 
animals, and the environment
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PRIM&R—Public Responsibility in Medicine and Research (http://www.primr.org): Community 
of ethics-minded research administration and oversight personnel that also provides educa-
tional and professional development opportunities

Primate Info Net (http://pin.primate.wisc.edu): Covers the field of primatology, providing origi-
nal content and links to resources about nonhuman primates in research, education, and 
conservation

PRRS—Primate Resource Referral Service (http://prrs.wanprc.org): Provides a communications 
and database network for efficient acquisition and sharing of existing captive primates and 
primate-related resources

PubMed (http://www.ncbi.nlm.nih.gov/pubmed): Database containing more than 25 million cita-
tions for biomedical literature from MEDLINE®, life science journals, and online books

RGD—Rat Genome Database (http://rgd.mcw.edu): Site for genetic, genomic, phenotype, and dis-
ease data generated from rat research

SCAW—Scientists Center for Animal Welfare (http://www.scaw.com): Research professionals 
dedicated to balancing animal welfare and excellence in basic and applied scientific inquiry

ScienceDaily (http://www.sciencedaily.com): Popular science news website, updated frequently 
and freely accessible

SLAVT—Society of Laboratory Animal Veterinary Technicians (http://www.slavt.com): Network 
of professional veterinary technicians dedicated to the advancement of responsible and humane 
laboratory animal care and use to benefit humans and animals

Speaking of Research (http://speakingofresearch.com): Provides information about the impor-
tance of animal research and animal testing in medical and veterinary science

SUBR—States United for Biomedical Research (http://www.statesforbiomed.org): Network of 
nonprofit associations who promote health through science and education

Translational Microbiome Research Forum (http://www.translationalmicrobiome.org): Online 
resource for scientists engaged in translational microbiome research to access current, topical 
information and to provide a platform to exchange knowledge and ideas

UFAW—Universities Federation for Animal Welfare (http://www.ufaw.org.uk): Works with the 
animal welfare science community worldwide to develop and promote improvements in the 
welfare of farm, companion, laboratory, and captive wild animals

USDA Animal and Plant Health Inspection Service (https://www.aphis.usda.gov): Protects and 
promotes U.S. agricultural health, regulating genetically engineered organisms, administering 
the Animal Welfare Act, and carrying out wildlife damage management activities

USDA Animal Welfare Information Center (https://awic.nal.usda.gov): Provides information for 
improved animal care and use in research, testing, and teaching

VBI—Veterinary Bioscience Institute (http://vetbiotech.com): Provides experimental and veteri-
nary surgical and biomethodology training

VetScite (http://vetscite.org): International current awareness journal for veterinary and related 
research scientists

VIN—Veterinary Information Network (http://www.vin.com): Large communications and infor-
mation resource for the veterinary profession

ZFIN (Zebrafish Model Organism Database) (http://zfin.org): Online database of information for 
zebrafish researchers
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17
Emergency Response and Management

Lynell M. Dupepe, John C. Donaho, and Gordon Roble

Introduction

Emergency response and business continuity (BC) planning is an essential component of the research 
organization’s program. A well-developed plan ensures the humane care and treatment of laboratory ani-
mals in a crisis situation. Animal facility management must contemplate the following questions: If our 
facility is faced with a crisis—natural or man-made—are we prepared? Are the local authorities aware 
of specialized facility needs? Does our response plan integrate with that of city, county, and state emer-
gency plans? Are our essential personnel equipped to respond? Can we recover after the disaster? Taking 
responsibility for preparedness and response is vital to reduce potential damage and hasten recovery 
from any adverse event, large or small. Following a disaster, business resumption is the priority of the 
institution. The goal of comprehensive crisis planning is to create resiliency within an organization and 
increase the chance of a successful outcome when a disaster or emergency occurs.

Although there are distinctions between crisis, emergency, and disaster, for the purposes of this chap-
ter, planning for any of the above comes under the heading crisis. This chapter uses the definition of 
crisis as provided by the Canadian Council on Animal Care (CCAC) (2016). Out of many, varied defini-
tions, it most succinctly encompasses what the authors felt a crisis management plan should consider. 
The CCAC defines a crisis as “any unplanned event which triggers a real, perceived, or possible threat 
to the health and safety of animals or personnel or to the Institution’s credibility” (Canadian Council on 
Animal Care 2016).

To delineate differences between an emergency and a disaster, it is helpful to consider the scope of 
response required for the event. A disaster is considered a calamitous event that requires a response 
beyond that available locally, such as state or federal assistance (International Federation of Red Cross 
and Red Crescent Societies). An emergency can be resolved with local resources. For example, an emer-
gency is when a water supply line bursts, flooding one or more animal rooms, but cleanup and repair 
take place in a reasonably short period of time. This situation requires an immediate response, but it 
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usually does not result in business disruption or relocation of staff. While a broken water line might be 
an emergent situation handled at the room or building level, a broken dam upstream from a town would 
be a disaster, as flood waters take out utilities, businesses, and homes. Because the scope of a disaster can 
be sizable, planning for crisis management and BC becomes more important.

Many administrators lump crisis planning and BC planning into one document. Although this is a 
practical solution, a distinction should be made between these two entities. Mortell and Nicholls (2013) 
describe crisis preparedness as the actions needed “to mitigate the impact of threats that can reasonably 
be predicted.” Predicting the impact of these threats comes from appropriate crisis preparedness, as 
described later in this chapter. They further define BC planning as “the actions taken by an organization 
to ensure that critical business functions will be sustained in the event of a disaster.” It may be easiest to 
consider the crisis response and recovery plan as actions taken at the time of the adverse event, as com-
pared with the longer-term goals of a BC plan. BC planning expands on the crisis management recovery 
phase goals to ensure that business continues through the crisis and onward with minimal interruption. 
BC planning is discussed in further detail at the end of this chapter. Regardless of whether an institute 
specifically delineates these terms, the planning for both has significant overlap, and appropriately cre-
ated plans will account for all details discussed in Chapter 18.

As described in the New England Journal of Medicine, the global biomedical research and develop-
ment (R&D) expenditures in 2012 alone were $268.4 billion (Chakma et al. 2014). Emergency and BC 
planning will mitigate the escalating costs of recovery. Laboratory animal professionals have a moral 
and fiscal responsibility to protect the staff, animals, and research efforts at their respective organiza-
tions. Directors, veterinarians, facility managers, supervisors, and researchers are vital in creating a 
culture of preparedness within the animal facility. The goal of this chapter is to assist managers, vet-
erinarians, supervisors, or other personnel in mitigating these crises with a well-thought-out plan and a 
well-prepared team. This chapter examines the concepts of risk assessment, mitigation, preparedness, 
response and recovery, and BC. A crisis is not the time to develop a plan; it is the time to execute a 
carefully constructed and rehearsed plan. It is not a question of if; it is a matter of when! When disaster 
comes knocking, will the institution be ready?

Crisis Management

Crisis management is a community affair, and for it to work well, private, local, state, and federal enti-
ties must execute their respective emergency management responsibilities. It is important to understand 
the organization of crisis response on a local, state, and federal level to integrate institutional plans 
with them effectively. Globally, emergency response and management systems are not standardized and 
differ widely from country to country. In the United States, for instance, emergency response is a state 
and local government responsibility and the federal government acts in a supportive manner, while the 
contrary is true in the United Kingdom. The European Union provides preplanning and disaster coor-
dination among the member nations. While some Latin American and Caribbean countries rely almost 
exclusively on civil defense, the vast majority have adopted a decentralized approach, increasing the role 
of local governments. Although organizationally dissimilar, a common thread in all global systems is the 
need for comprehensive strategies that include prevention, mitigation, preparedness, and provisions for 
reconstruction and rehabilitation activities (Heath 1999).

Crisis Response Coordination

Customarily, entities such as institutional emergency response groups act as the liaison between the 
local agencies and the organization. The emergency response department of an institution may utilize 
an incident command model, as discussed later in this chapter, allowing communication between insti-
tutional departments and leadership, and local command centers. Depending on the level of the crisis, 
local and state plans may be enacted in tandem with the organizational or facility plan. The institutional 
plans should be shared with local police, fire, and other relevant municipal departments so that if the 
need arises, they may assist with recovery efforts (National Research Council 2011). For example, in the 
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event of a mandatory evacuation of a city, consider the possibility of a municipal evacuation protocol 
where traffic flow of all interstate highways reverts to outbound traffic only. How will contraflow traffic 
patterns impact essential personnel trying to report to work or evacuation of an animal facility?

State governments are responsible for protecting communities and citizens within each state and car-
rying out statewide crisis management activities. They are also the liaison between resources avail-
able at the federal level and local level. Both state and local governments develop emergency plans for 
hazards that threaten their communities. These plans generally follow the format recommended by the 
Federal Emergency Management Agency (FEMA) and include mitigation activities, preparedness plans, 
response to emergencies, and recovery operations (FEMA 1996).

The Department of Homeland Security (DHS) and FEMA are federal agencies and play significant 
roles in disaster response. The DHS was created in response to the September 11, 2001, terrorist attacks 
in New York and Washington, DC, to protect U.S. territories from terrorist attacks and man-made and 
natural disasters. FEMA was created in 1979 and tasked with the mission to “lead America to prepare 
for, prevent, respond to and recover from disasters with a vision of ‘A Nation Prepared’” (FEMA 2015), 
and is the principal federal agency responsible for responding to disasters. FEMA was placed under the 
umbrella of the DHS in 2003 and given the added responsibility to ensure that first responders are trained 
and equipped to deal with weapons of mass destruction. In 2006, the Post-Katrina Emergency Reform 
Act was signed into law, significantly reorganizing FEMA. Under this act, FEMA was given substantial 
new authority to remedy gaps that became apparent in the response to Hurricane Katrina in August 
2005, thus giving the agency a more robust preparedness mission. In addition to emergency response and 
recovery activities, FEMA provides training programs and information on up-to-date mitigation mea-
sures, reviews and coordinates state emergency plans, and provides subsidies to state and local offices of 
emergency management for emergency management programs.

Animal Facility Crisis Response Planning

Regulatory Compliance

Common sense suggests that all animal facilities need an emergency plan. However, all institutions that 
maintain a written Animal Welfare Assurance describing compliance with the Public Health Service 
(PHS) policy (National Institutes of Health 2002) or AAALAC International accreditation, both in the 
United States and abroad, are required to develop and maintain current, updated emergency response 
plans (National Research Council 2011). The Guide for the Care and Use of Laboratory Animals (Guide) 
first introduced the importance of emergency planning in the seventh edition (1996) and expanded this 
requirement in the eighth edition (2011) as a mandatory recommendation. Office of Laboratory Animal 
Welfare (OLAW) guidance for developing an emergency plan can be found on the OLAW website (http://
grants.nih.gov/grants/olaw/olaw.htm). These new standards are in direct response to the increase in 
worldwide catastrophes.

Developing the Plan

There are four phases to consider while constructing a crisis plan:

 1. Risk assessment and mitigation

 2. Preparedness

 3. Response

 4. Recovery

The first and most important is risk assessment and mitigation. Risk assessment is the foundation for 
everything else that follows because it identifies areas of weakness. Risk mitigation eliminates or reduces 
those areas of weakness or risks. The preparedness phase encompasses the planning and action to ensure 
human and animal safety and the capability of facilities. This is accomplished by putting people and 
materials in place to provide essential services and protections required during times of crisis. The 
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response portion of the plan determines how quickly damage can be assessed, repaired, or replaced to 
allow recovery. Response is the phase during and immediately after a crisis. The response portion of the 
plan is critical but short-lived compared with the recovery phase. Planning for recovery and subsequent 
BC, the fourth phase, is often an afterthought. Both should have been considered and developed in the 
risk assessment and mitigation stage. Having a BC plan in place can ensure a much faster return to nor-
mal business operations. Any delay in recovery can spell failure in the long term (Figure 17.1).

Risk Assessment

Risk assessment considers the spectrum of potential internal and external human and naturally occur-
ring impacts to a facility. It is a process where hazards and hazard effects are identified, the risks and 
vulnerabilities associated with those hazards are evaluated and scored, and mitigations to reduce the 
risks are sought. Hazards are anything that can cause harm to animals, people, or business operations. 
Hazards include obvious things like wind, fire, and flood. Other hazards might include disruption of 
normal animal care activities as a result of a pandemic or security breaches, such as break-ins or data 
loss. The list can be exhaustive, but identifying hazards is of utmost importance for the mitigation and 
preparedness phases (Figure 17.2).

Planning considers the results of a hazard, not necessarily the specific hazard. A fire or storm in a 
nearby neighborhood resulting in widespread power outage or evacuations due to hazardous fumes could 
disrupt operations in the animal facility. The real hazard in this case is loss of power or forced evacuation 
of the area, not the fire or storm. By considering the result and not the cause, the number of scenarios can 
be simplified because the response is the same whether the loss of power was caused by fire or flood. The 
goal is to manage the impact from the loss of power.

Understanding the differences between hazard, risk, and vulnerability is critical when building a plan. 
In simple terms, hazards are something out of your control. Hazards, such as an earthquake or tsunami, 
cannot be stopped, but we can plan for the results of those events. Facility management needs to know 
and understand what threats exist for their location in order to assign risk. Risk, as opposed to hazards, 
can be managed. Risk is assigning a value or probability of a hazard happening at a specific location, 
along with the calculated damage that the hazard may cause (Lundberg and Willis 2015). Another way of 
looking at this is how vulnerable or how much exposure a facility has to a specific hazard. Vulnerability 
is a measure of physical, social, economic, and environmental factors that increase susceptibility to the 
impact of a hazard (Palliyaguru et al. 2014). Vulnerability is often directly tied to geography. Facilities 
located along rivers or coastlines might have a higher vulnerability to flooding and hurricanes. Exposure 
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FIGURE 17.1 Emergency management circle of life.
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is another component of risk, and refers to that which is affected by natural disasters, such as people and 
property. Risk is also a factor of the resilience of the facility in a time of crisis. Resilience is the ability 
of people to plan for, respond to, and recover from a crisis. As discussed later in the chapter, develop-
ing a crisis plan, drilling the plan, and having resources available for recovery enhances organizational 
resilience. The publication by Arms and Van Zante (2010) speaks to the importance of crisis planning 
and organizational resilience. These factors were fundamental in their successful and timely evacuation 
of an animal facility during the threat of California wildfires.

The Venn diagram in Figure 17.3 shows how hazards, vulnerability and exposure, and resilience inter-
act. The intersection where all three factors overlap is the area of highest risk. For each hazard, the level 
of vulnerability and resilience will vary, increasing or decreasing the relative amount of risk for that 
hazard. Wildfire hazard provides an example for facilities located within certain arid regions. In this 
case, well-maintained perimeter fire breaks would minimize the hazard by decreasing the amount of dry 
fuel easily ignited. Installing smoke filters in air intakes would provide another level of safety, reducing 
risk. That is what mitigation is all about. Mitigation addresses risks and lowers vulnerability to reduce 
impacts on business operations.

There are several good risk assessment tools available to determine hazards and vulnerability, such 
as that from Kaiser Permanente (Kaiser Foundation Hospitals and Health Plan 2001). It can be as 
simple as a high or low designation, but assigning risk for hazards helps establish priorities (Figure 
17.4). In most, the hazards are categorized by type, including naturally occurring, human-related, 
 mechanical-technological, and hazardous materials events. Tornadoes, floods, and earthquakes are con-
sidered naturally occurring events. Terrorism, bomb threats, break-ins, and civil disturbances are con-
sidered human-caused hazards. Mechanical and technological events include equipment failure, loss of 

Natural

Technology

Facilities

Personnel

Operational

Social

Blizzard, hurricane, tornado, lightning, wildfire,
earthquake, windstorm, drought

Data loss or theft, hardware failure, hacking, viruses,
telecommunications, cyber-attack, unauthorized access

Loss of utilities, fire, explosion, HVAC failure, power
failure, security failure, loss of access, hazardous spill

Loss of key personnel, strikes, pandemics, human error,
single point of failure

Loss of funding, regulatory issues, financial issues,
negative publicity

Infiltration, break-in, civil unrest, riots, bomb threats,
terrorism

FIGURE 17.2 Threat types.
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utilities, information systems outages, and data breaches or supply shortages. Hazardous material events 
encompass chemical spills and radiologic and biohazard exposures. Creating an exhaustive list of all 
possible hazards is not realistic.

For risk assessment, facility management can and should anticipate those hazards most likely to 
impact a facility based on location and past history. Consider possible hazards that could damage facility 
operations either directly or indirectly. An electrical fire within an animal room is an example of direct 
damage to operations. There could be loss of animals and research, and perhaps injury to staff members. 
A truck carrying “just-in-time” animal diets involved in a serious crash hundreds of miles away is an 
example of indirect damage. Both impact how business will be conducted, and both could result in loss 
of research. Determining assessment priorities becomes a factor when allocating funding for mitigation 
and response. Facilities located along coastlines or in low areas near rivers might be assigned a high risk 
for flooding. Flooding could be the result of a hurricane, tsunami, or a large water main break in the 
street adjacent to a facility. Flooding is the hazard that requires a risk assignment.

Ultimately, vulnerability is what is left in the risk box when all the mitigation, planning, and prepara-
tion are done. A facility located inland away from a major waterway might have a higher vulnerability 
to an earthquake or tornado. Vulnerability is also tied to what mitigation has occurred at a particular 
location. A facility in a known floodplain with levees, flood walls, or submarine door installations is less 
vulnerable to flooding than a facility with no mitigation. Assessing vulnerability requires a thorough 
knowledge of location and operations to provide a complete picture of risk. Planning and preparation 
enhance mitigation techniques to reduce risk and the overall vulnerability of a facility.

Mitigation

Mitigation involves addressing vulnerabilities identified during the risk assessment to reduce or elimi-
nate their impact. In the long run, mitigation is often far less expensive than rebuilding after a crisis. 
However, funding is often an issue delaying or preventing mitigation. A commonly cited example is 
cryopreservation. This is a proven strategy to protect valuable strains of animals, yet this important 
expenditure is often not included as a line item in research or departmental operating budgets. Even 
though this is an up-front expenditure, the costs associated with not having cryopreserved strains in 
terms of redevelopment and lost research time can be significantly more (Thorat et al. 2013). Further 
considerations for research continuity include repositioning emergency power or backing up vital records 
at accessible, off-site locations. Organizational leadership must resolve critical issues when forming miti-
gation plans, such as how much damage is an organization willing to take in the event of a crisis and how 
much damage can be prevented by mitigation? How much loss of animal lives and research is acceptable? 
Mitigation costs compared with the costs of catastrophic loss are calculable. Hurricanes Katrina and 

Infrastructure loss
Building damage
Supply line interruption

Hazards Resilience

Planning
Training
Backup systems

Risk

Vulnerability/
exposure

Change location
Build financial reserves
Identify and mitigate weaknesses

FIGURE 17.3 This diagram represents the relationship between risk vulnerability and resilience.
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Ike impeded or ended long, successful research careers due to the loss of data and animals, extension of 
project timelines, or institutional budget cuts (Willyard 2010).

Very few institutions have the resources to respond to and recover from crises without outside help. 
Facility management should develop a network with surrounding institutions, vendors, and emergency 
response agencies to aid in emergency response and recovery. For example, development of an evacu-
ation plan to preserve irreplaceable animals is a good insurance policy (Willyard 2010). Initiating a 
memorandum of understanding (MOU) with other institutions to accept evacuated laboratory animals 
can save many irreplaceable colonies. Consider working with facilities in different geographic areas, 
as they are less likely to be impacted by the same event. Communicate often with the receiving institu-
tions so that all parties are apprised of real-time inventories, housing availability, and staffing needs. 
Space utilization fluctuates from month to month, and space available today for emergency housing at 
another institution might not be available at the time required. The receiving institution should ensure 
that it can be prepared within a 96-hour notice to receive animals should conditions warrant that type 
of action. This constant stream of information will assist in preparedness operations for both institu-
tions (Figure 17.5).

Who makes the decision on evacuation or when to evacuate? What guidelines are used to make the 
decision? Will the plan include a priority list for evacuation? These questions must be answered as part 
of the planning process, especially as evacuation of some facilities, those with very large animal popula-
tions, could take upwards of 2–3 days. Facility management should evaluate both the time and coordina-
tion metrics for evacuation and transport within a variety of time constraints—immediate, short-term 
(within 12–24 hours), and long-term (within a week). The biosecurity of research animals and humans 
is another consideration in evacuation. What techniques will be used to ensure biosecurity for rodents? 
One method used successfully is to wrap complete racks with installed cages (water bottles turned upside 
down) with plastic pallet wrap. The racks can be quickly moved from building to building or loaded on 
trucks for transport to a safe location. Certain large animals, such as nonhuman primates, have human 
health risks, making coordination of their evacuation and transport in a short period of time difficult. 
Ultimately, there may also have to be a decision to euthanize some or all animals.

Both the Guide and Directive 2010/63/EU of the European Parliament and of the council of September 
22, 2010 (European Commission 2010), on the protection of animals used for scientific purposes con-
tain text regarding euthanasia of laboratory animals during emergency situations. Euthanasia guidelines 
under emergency conditions must be evaluated during the planning stages, as a great deal of thought is 
required to develop appropriate euthanasia methods for instances when animals cannot be relocated. 
Specific personnel need to be trained and psychologically prepared to undertake this difficult task, as 
disaster response may require euthanasia of large populations of animals. Accommodations for mass 
euthanasia of rodents must also be considered. For example, multiple carbon dioxide euthanasia stations 
for rodents may be necessary to euthanize large colonies of rodents in a short time frame. The standard 
single euthanasia station would require extended periods of time to complete this task, rendering it inef-
fective in rapid response (Roble et al. 2010). Sufficient quantities of carbon dioxide may also be unavail-
able for larger rodent facilities. Facilities with larger species of animals or aquatics will face similar 
challenges in euthanasia.

Some facilities may be able to provide safe housing for responders on campus. How will food, water, 
and bath facilities be provided? Your plan should also include alternate housing arrangements for 
responders. When assessing risk, safe areas outside the expected impact area can be identified that are 
less likely to sustain damage from a natural event. Contracts can be negotiated with hotels both inside 
and outside of predicted impact zones months in advance to provide housing on short notice of 48 hours 
or less. The contract should guarantee a certain number of rooms to be available. Other items to consider 
in negotiating alternate housing are geographic location, backup power for lights and heating, ventila-
tion, and air-conditioning (HVAC), Internet connectivity, and the ability to provide meals to responders. 
Are vendors available to provide catering or should facilities maintain stocks of minimally perishable 
foods, such as meals ready to eat (MREs) (Roble et al. 2010)? Other considerations are security and the 
ability to travel back into the disaster zone. Special arrangements developed before catastrophes will 
identify and provide clearance for responders to reenter disaster areas. Examples include creation of 
essential personnel lists, special identification badges, and vehicle placards. These prearrangements do 
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not guarantee entry, as lapses in communication between essential facility personnel and local or non-
local law enforcement or other officials may occur and impede entry of essential personnel. Discussing 
and providing a solution for this contingency will hopefully eliminate its occurrence. Additional options 
include using a tiered system to categorize responders. Animal health responders are often in a high tier, 
just behind fire, police, and medical personnel. Other institutions find that establishing an escort plan 
may be effective in some situations. Essential personnel rendezvous at a predetermined location and are 
escorted to the facility by emergency personnel postevent.

Preparedness

Crisis Preparedness and Response Training Just as BC planning increases a successful return to nor-
mal operations in the aftermath of an emergency or disaster, training enhances the successful execution 
of a crisis plan. Ejeta et al. (2015) recognized that although awareness and incidence of disasters are 
increasing, effective preparedness is not increasing concurrently. Gowan et al. (2015) further categorized 
training needs to the level of behavioral preparedness—ensuring that individual personnel have the 
resilience to handle crisis.

The aim of training is to familiarize all staff members with crisis response procedures so that they 
become an automatic reaction in an emergent situation. This requires frequent personnel training ses-
sions. Training sessions are enhanced by the input from all levels of laboratory animal personnel to most 
faithfully reproduce emergent situations. Interactive web-based training modules offered by FEMA’s 
Emergency Management Institute or local emergency management courses are helpful resources. Ideally, 
these training exercises will validate the emergency plan, develop staff competency, and test established 
procedures.

Emergency response plans are fluid, living plans and should be reviewed and revised yearly and after 
each incident. When plans become stagnant, they are no longer effective. Facility management needs 
to nurture plans through drills. With repeated simulations, areas of weakness can be identified and 
addressed. When weaknesses are identified, the plan should be updated to document changes. Emergency 
preparedness is a multifaceted objective, and there is not a set way to achieve this goal appropriately. 
There are many types of exercises for use with personnel in crisis preparedness training. These all extend 
the utility of the written plan. Each component carries equal weight; one type of exercise does not sub-
stitute for another. The remainder of this section focuses on several of these exercises, such as tabletop 
exercises, facility drills, and specific personnel development.

Drilling the Plan Far too often, the existence of a written plan promotes a false sense of security. Plans 
will fail due to a lack of staff preparedness. Facilities need to develop instruction methods to introduce 
the plan to personnel. This will provide the foundation for emergency response. Personnel who do not 
have at least a familiarity with plans will not respond appropriately or timely when required. Training 
exercises can be divided into two categories: discussion-based exercises, including seminars, workshops, 
and tabletops, or more complex operations-based exercises, including drills and full-scale exercises. An 
excellent outline and training program is available through FEMA’s Emergency Management Institute 
(2015). Several training types will be briefly outlined here. Ultimately, training exercises will test proce-
dures and increase staff confidence to respond appropriately in the stress of a calamitous event.

Types of Exercises

 1. Seminars and workshops. Seminars and workshops serve to orient staff to response plans. 
These are opportunities to teach toward the plan or allow for discussion or development of 
plans or portions of plans. These planning sessions often result in the creation of emergency 
operating procedures (Swearengen et al. 2010). Lecture and discussion instruction are the rec-
ommended first steps in developing a training exercise program (Cabinet Office and National 
Security and Intelligence 2014). These can be tailored for distribution as lectures, small groups, 
or one-on-one training. Plan dissemination or discussion may differ depending on the job cat-
egory for involved personnel. Focus and emphasis should be given to plan sections or topics 
that will be relevant to a given audience. For example, computer security may not be relevant 
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to certain personnel, but a critical item for others. These orientation techniques give essential 
personnel the opportunity to discuss the plans and learn their proposed role and the roles of 
others.

 2. Tabletop exercises. Tabletop or scenario exercises are based on hypothetical, yet realistic events. 
The success of the exercise can be enhanced if all participants are familiar with the crisis plans 
prior to the exercise. The exercise usually takes place around a table with participants under 
the guidance of a facilitator. The group is given a scenario to discuss and formulate a course 
of action in response to the crisis. These events allow for deliberate, well-considered problem 
solving, thus strengthening their use in the identification of weaknesses in emergency plans. 
It provides an opportunity to validate and update the plan as necessary. Tabletop exercises may 
be conducted at both the department and interdepartmental levels and are usually a planned 
event. Careful attention to detail in preparing the scenario is crucial to a successful tabletop 
exercise. Mortell and Nicholls (2013) suggest that tabletop exercises may provide a false sense 
of security regarding preparation since these exercises are done with advanced preparation and 
notice, without the element of stress.

 3. Live practice drills. Live practice drills are a rehearsal for an event. These can focus on train-
ing to a specific procedure or can be expanded to a full-scale exercise that involves the entire 
facility staff and may extend to outside response agencies, like the local police. These test 
the logistics of execution, lines of communication, and physical capabilities of the facilities 
(FEMA Emergency Management Institute 2015). This type of exercise helps participants build 
confidence by simulating the crisis. The exercise also serves to identify potential weaknesses 
in the response, such as unanticipated supply needs or lack of communication, teamwork, or 
leadership capabilities.

Training raises awareness of the types of crises the staff may encounter and, consequently, how to 
effectively prepare and respond. Training also builds confidence in the staff’s ability to respond quickly 
and without hesitation or confusion. Some emergencies and disasters can be very overwhelming; how-
ever, training mitigates the stress of dealing with each situation. All staff considered essential personnel, 
or who are responsible for planning, training, or crisis preparedness and response, should participate. 
Inclusion of personnel from other key departments (principal investigators, facility services, environ-
mental health and safety, biosafety, etc.) or outside agencies (i.e., fire and police departments) is essential 
and should be considered. The FEMA Emergency Management Institute (https://training.fema.gov/is/) 
provides excellent training courses on all the above topics.

Nontechnical Skill Training

Personnel are the most critical aspect of crisis response. Without personnel, no plan can be implemented. 
Furthermore, no two crises will be the same, so no plan can account for all contingencies, often neces-
sitating creativity from responders. Most facilities assume that personnel will be available to implement 
a crisis plan, but facilities must recognize the reasons that people will not respond to a crisis (Davidson 
et al. 2009; Adams and Berry 2012). Major reasons include fear, other real or perceived responsibilities, 
uncertainty, inability to reach the work site, or not understanding the importance of their role. Human 
behavior will impact all responses. Many authors recognize that preparedness training must account 
for and focus on human behavior to create an empowered employee during the response (Donaho 2014; 
Ejeta et al. 2015; Gowan et al. 2015). This employee then has practiced skills, bestowed through training. 
Ultimately, a responder must be able to remain calm and assess the situation rapidly and make a deci-
sion. If personnel are not prepared for the psychological aspects inherent in crisis response, they may not 
respond appropriately, no matter how well they know the plan. As suggested by Crichton and Flin (2001), 
laboratory animal program leaders should invest appropriate time increasing the nontechnical skills of 
their employees to enhance their response capabilities.

These skills, such as decision making, leadership, teamwork, and stress management, are as important 
as the knowledge of the crisis response plan or on-the-job skills (Crichton and Flin 2001). Increasing 
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this skill set has a twofold purpose: first, it may assist in identifying personnel with strong nontechnical 
skills who could be assigned leadership roles during an emergency response, and second, it will increase 
the confidence of responding personnel. A majority of polled responders following a disaster stated they 
looked for guidance from upper management before acting (Pullium et al. 2014). This could lead to 
serious delays if upper management is not readily available. Thus, the need for leadership and decision 
making in response is imperative. There may not be time or a way to communicate effectively in a crisis, 
and personnel should have the training and confidence to make a decision or lead a response. Personnel 
may also have to work and communicate effectively with unfamiliar persons during crisis. These skills 
need to be learned and strengthened prior to the crisis.

Personnel do not necessarily fear for their own safety during a response; however, it is likely that they 
will fear for the safety of another. Davidson et al. (2009) found that families and pets are the oft-cited 
reasons that people do not come to work during or following a disaster. This holds true for persons 
considered essential personnel. Facility management must account for this attrition and determine the 
minimum number of effective responders required to maintain an operation. Facility management can 
mitigate attrition by determining what factors reduce willingness to work, and creating a contingency 
plans for these. Considerations must include

• Care for dependents: Can children or pets be provided safe location on site with parents, or can 
other assured care be provided while parents are at the disaster site?

• Transportation: Can people get to work, and what methods can be used to facilitate this?

• Personnel feeling that they will be cared for on site: Will there be food, shelter, and bedding 
provided, or perhaps a supervisor or other personnel who can provide psychological support?

Facility management must verify that personnel understand the importance of their jobs and what the 
facility will do to protect and support them and their families. Staff will likely have significant internal 
struggles regarding what to do during most catastrophic events. Preparation to assuage these concerns 
should begin early in crisis response planning to increase likelihood success.

A regular training program will aid all staff, whether serving as an introduction for new staff or as a 
refresher course for long-term staff. At the end of the training exercises, all staff should be familiar with 
their potential roles in crisis response, either individually or as a team; have a good working knowledge 
of the response plan; know who the key decision makers are; and be able to identify methods of com-
munication before, during, and after an emergency.

Response

Response takes place during or immediately following a crisis. This phase is focused primarily on the 
safety of animals and humans and attempting to minimize damage to infrastructure or equipment. In 
principle, the initial response to a crisis will be coordinated by local government’s emergency services, 
that is, first responders such as police, fire departments, and emergency medical services. These respond-
ers will likely exist within the hierarchy of an incident command system (ICS). Nearby municipalities 
and state and volunteer agencies may assist as available. The scope of danger in a facility may not 
become clear until later in response, and often external authorities may control access to the facility until 
the danger has been assessed and resolved.

The first responder’s mission is to take action to save lives and prevent further damage. Wingfield et 
al. (2010) recognized that it cannot be expected that these responders will have the capability to handle 
animals in a laboratory animal setting. For a lab animal facility, the appropriate response will depend on 
the essential personnel. As described previously, the safety, well-being, and effectiveness of the response 
team depends on their previous preparation. The safety of personnel is the first priority in a crisis; the 
animals may become secondary. Often, the initial response is a damage assessment to determine if areas 
or buildings are safe to enter. Hazards have to be identified and corrected before animal care can com-
mence. For a lab animal facility, the appropriate response will depend on the essential personnel available.

Related to external control of disaster sites, a frequent problem during the response is the inability of 
personnel to travel to or enter the animal holding facilities. As mentioned earlier, essential personnel 
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must carry identification providing them access to the site. In addition, first responders must recognize 
these forms of identification or must be informed of the entry requirements for facility essential person-
nel. Unsafe circumstances may prevent access; however, first responders and essential personnel must be 
able to communicate and recognize one another to engage appropriately.

Once on site, the exact actions needed during a response are unpredictable. Essential personnel may 
find themselves in unfamiliar locations, stymied by not having appropriate equipment due to restricted 
access points and stuck in the dark. Responders must rely on their training and adhering to facility 
standard operating procedures (SOPs) as closely as possible, but anticipate the need for improvisation 
and creativity. Three of the most recent large-scale animal facility disasters involved flooding—all 
responded in a different manner, emphasizing the individual nature of disaster (Schub 2002; Goodwin 
and Donaho 2010; Pullium et al. 2014).

Incident Command Bigley and Roberts (2001) cite an ICS as a best-practice system for emergency 
management. The concept of ICS grew out of management studies of the disastrous 1970s’ California 
wildfires, which found numerous holes in emergency response and sought to create a standardized 
response system to emergency and disaster (Jensen and Thompson 2016). The ICS established a com-
mon, flexible framework allowing multiple crisis response agencies to interact effectively and efficiently 
(Jensen and Thompson 2016). FEMA provides a description of the use of an ICS as an integrative man-
agement tool, combining multiple agencies or departments into an effective response structure (FEMA 
Emergency Management Institute 2015). Briefly, at a local, state, or national level, the ICS structure 
consists of an incident commander, command staff, and general staff (Smith and Kuldau 2014). The 
incident commander has overall response leadership, and the command staff is composed of safety, pub-
lic information, and liaison officers (Smith and Kuldau 2014). The liaison officer coordinates activities 
among the various agencies involved. At the next level of ICS is the general staff. Within general staff 
are section chiefs representing operations, planning, logistics, and finance and administration (Smith 
and Kuldau 2014). This hierarchy enhances information exchange and rapid decision making. Using 
this modular system, ICS can be tailored and scaled to adapt to each situation. Laboratory animal facili-
ties are recommended to develop their own ICS structures, which generally exist as an extension of the 
general staff. Descriptions of ICS structures for laboratory animal facilities can be found in Vogelweid 
(1998) and Roble et al. (2010). These descriptions provide outlines for the integration of the laboratory 
animal facility responders within a local, state, or national ICS and provide guidance on the person-
nel who should be included within facility ICS. These personnel include, but are not limited to, direc-
tors, veterinarians and technicians, husbandry staff, and administrative staff. Successful use of an ICS 
requires the appropriate training and understanding of the system for all individual participants (Jensen 
and Waugh 2014). The concept of the ICS must be included within training sessions—both discussion 
based and operations based. The same skills required to manage the response to crisis are required to 
work within an ICS: leadership, communication ability, situational awareness, capable decision making, 
and creativity (Crichton et al. 2005). These skills enhance an ICS and aid in creating calm and order 
from chaos. Having a dedicated animal facility representative within the incident command structure 
improves communication and enhances the likelihood of decisions that benefit the animal facility.

Communication Methods Coordination of the crisis response cannot happen without appropriate com-
munication. This includes the ability to communicate the risk of and response to the emergency among 
those at the site, those in the command center, and the general public (McCormick 2015). Satellite phones 
are most frequently used when landline infrastructure is damaged (McCormick 2015). Experience 
shows that these and other forms of communication, including cell phones, may fail in disaster areas as 
infrastructure is damaged or service is overwhelmed. Satellite phones prove unreliable due to weather 
or limited link availability, as first responders use the same satellite systems. The traditional public 
safety communications systems using two-way radio (often called walkie-talkies if handheld) can also 
become limited during disasters. Portable radio repeaters to extend handheld walkie-talkie ranges can 
be rented to establish a radio communications network in an emergency. This can be preplanned with 
contracts ready when needed. Similarly, ham radio (also two-way radio) provides an ad hoc communica-
tions system when all else fails (Reid 2016). Licensed ham radio groups commonly set up emergency 
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networks during disasters. A new option is the portable broadband antenna system capable of moving 
large amounts of data to support video, voice, and text communications. These systems deploy quickly 
and provide private networking virtually anywhere. Institutions must not forget the value of pen and 
paper as well. Establishing known meeting points and regular meeting times as part of crisis planning 
allows for safety checks and information dissemination. Simple systems, such as writing instructions 
on black- or whiteboards or paper and easels, give responders directions and updates. Regular town hall 
meetings during the recovery phase are also highly recommended, as these can be conducted in the 
absence of power. However, as McCormick (2015) states, more and more reliance is falling on social 
media and mobile-based technology.

Superstorm Sandy signified a shift in the use of social media for disaster response and information 
gathering (Cohen 2013). National organizations such as FEMA and private citizens and institutions 
alike put forth information on the superstorm via social media platforms such as Instagram, Twitter, 
Facebook, and LinkedIn. Other technologies, such as Short Message Service (SMS) (text messaging) 
and websites, also provided a ready spread of information. FEMA reached 6 million Twitter users with 
one tweet and increased its Facebook users to 300,000 (from 12,000) on the day Hurricane Sandy made 
landfall (Cohen 2013). Bonnan-White et al. (2014) exemplified the use of crisis informatics during a 
snow disaster and defined this as a new method of harnessing communication for crisis management. 
This real-time access to information is being channeled by government and private agencies to improve 
situational awareness. Social media represents enormous potential in crisis response when information 
is conveyed accurately. Personnel empowered to present and receive real-time data will make signifi-
cantly improved decisions and likely improve response. The real-time power of social media may be 
exemplified as well in horrific crisis situations, such as active shooting or other domestic terror threats 
where communications are not blocked, but access to devices other than handheld ones may be limited 
by the danger. The earliest or only information obtained in these instances may come from social media 
sites (Gillard 2011).

The DHS Science and Technology Directorate’s Virtual Social Media Working Group has published 
five documents providing guidance on the use of social media in emergency response (U.S. Department 
of Homeland Security Science and Technology 2015). These documents provide an excellent starting 
point for developing a strategy for use of social media. This includes determining the right technology; 
determining security measures regarding the intended audience for the information, either institutional 
personnel or the general public; and understanding legal ramifications of information spread. An active 
social media policy also allows institutions to provide information ahead of the inevitable rumors that 
swirl around disasters. Misinformation can spread very quickly. Accurate information disseminated 
quickly establishes credibility and trust, but it can be difficult to determine the veracity of information 
rapidly. For example, during Hurricane Ike in 2008, news reports of escaped tigers on Galveston Island 
circulated widely when, in fact, it was rumor (KVUE Staff 2008). Institutions should be prepared to 
have personnel actively monitoring social media sites and correcting misinformation as soon as pos-
sible. There are a number of ways to facilitate information verification by including embedded hashtags 
(#) to identify topic threads, keywords, URLs, photos, or videos to provide greater information (U.S. 
Department of Homeland Security Science and Technology 2015). Keywords and hashtags allow rapid 
scanning of messages for relevant content. Determining appropriate hashtags and keywords in advance 
of crises is a useful exercise and should be part of the planning process. This can also be used to crowd-
source information and aggregate greater information or understanding about the situation from the gen-
eral public posting information on what it witnesses. This information gathering and analysis will likely 
be done by outside agencies such as FEMA or other responders, as this requires a complex coordination 
and intelligence gathering framework (U.S. Department of Homeland Security Science and Technology 
2015). Establishing a social media response team within the command center is vital in today’s intercon-
nected world. This is especially true to ensure that the proper information is given to the general public 
regardless of the size or scope of the crisis.

Recovery

In the recovery phase, actions are taken to return to a normal or safer situation following an emergency 
or disaster. This will be different for all facilities, and this chapter aims to provide considerations for this 
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phase. The process of recovery can be the most difficult part. Recovery begins after the initial response 
is completed or winding down. While working to assess the damage or impact on facilities, equipment, 
and animals, recovery teams may be strained by less than ideal conditions. Work may be physically tax-
ing and emotionally stressful, especially if there was catastrophic injury to animal populations. Crisis 
recovery should be considered in dual parts: institutional repairs, including facility restoration and ani-
mal replacement required to return to normal work, and emotional repairs, required to return employees 
to normal work.

Many excellent references exist on mechanisms of recovery (Schub 2002; Goodwin and Donaho 2010; 
Swearengen et al. 2010; Ikeda 2012). These provide direction on steps that all institutions should include 
as part of their planning to facilitate their recovery. An accurate description of facility inventory (ani-
mal and equipment) should be prepared and maintained for insurance purposes. This should include all 
specialty equipment associated with an animal facility, including caging, sanitation, and sterilization 
devices, and specialized research and surgical instrumentation (Goodwin and Donaho 2010).

Personnel’s mental and physical well-being is of paramount importance as well. Facilities should pro-
vide trauma and grief counseling for all impacted employees, especially if animals were lost or damage 
necessitates euthanasia during the recovery phase. Posttraumatic stress disorder is well recognized in 
survivors of disasters (Galea et al. 2005). Mental health professionals must be available to provide this 
therapeutic service. Early intervention and debriefing include the use of psychological techniques such 
as critical incident stress debriefing (CISD), followed by further therapy as required (McNally et al. 
2003). CISD should be done within the first 24 hours of a disaster and may significantly improve thera-
peutic recovery from anxiety or depression (Donaho 2014). Costs for these services should be included 
by institutions in planning stages. Many facilities have also held memorial services for those animals 
lost, as part of the healing process (Goodwin and Donaho 2010; Ikeda 2012). Employee care may also 
require provisions for furlough or relocation as personnel requirements are reduced because of limited 
day-to-day operations.

Recovery also requires reporting details of the crisis to the appropriate government funding and regu-
latory agencies and accrediting agencies such as OLAW, the U.S. Department of Agriculture (USDA), 
the Centers for Disease Control and Prevention (CDC), and AAALAC International (Schub 2002; 
Swearengen et al. 2010; Ejeta et al. 2015). These will be dependent on whether institutions hold assur-
ances, registrations, or accreditation with these organizations. The crisis response plans should con-
tain contact information for accrediting agencies. Each of these organizations, as well as the American 
Veterinary Medical Association, provides excellent guidance for both reporting structure and crisis 
response, as outlined below. Notification is a task that is best completed as soon as possible following 
the crisis for two reasons. First, this fulfills reporting requirements, and second, it protects the facility 
against negative or inappropriate press. Activists against biomedical research involving animals will 
often twist these events to meet their agenda. Appropriate documentation and evaluation by regulatory 
agencies can provide protection against exaggerated claims. As the Institutional Animal Care and Use 
Committee (IACUC) and veterinarians will play an instrumental role in assisting management with 
reporting, developing mechanisms for IACUC continuance is also essential (Roble et al. 2010).

Concepts of Business Continuity Management

BC planning is important, yet frequently overlooked, in the overall scheme of crisis planning. BC planning 
provides the framework to return to business after a disrupting event, large or small. In the laboratory ani-
mal setting, BC means reestablishing the ability to conduct research. As discussed previously, a BC plan is 
a natural continuation to a crisis management plan. Generally, these plans should be created independently, 
but a properly constituted crisis response plan may eliminate the need for a BC plan if all measures effec-
tively mitigate damage. However, a BC plan may be necessary in noncrisis situations. Snyder (2013) pro-
vides insight into this concept through the example of a leaky roof. A “leaky roof is not a crisis situation, 
but the leak may impact equipment storage or an employee location. In either case, alternate work location 
plans should be implemented so that critical business processes may continue” (Snyder 2013).

Similarly to a crisis response plan, a BC plan accounts for both internal and external factors that 
disrupt business. Internal factors include items like computer failure or loss of a piece of equipment 
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due to mechanical failure, which may not be in the scope of a crisis management plan. External factors 
are items such as a strike at a manufacturing plant that disrupts the supply chain (Snyder 2013). Each of 
these problems may not be considered a crisis, but they assuredly have the potential to impact research. 
The BC plan should cover the most to least likely events an animal facility may face. As with crisis 
planning, BC planning is program specific and should be developed by the individuals involved in the 
emergency response. The animal facility plan should be coordinated with the overall organizational BC 
plan and all pertinent internal departments and external entities. Effective animal facility administration 
requires expertise in personnel management, resource management, education, regulatory compliance, 
and fiscal management. To effectively integrate these aspects into a BC plan, the planning team should 
include personnel from departments like veterinary resources, human resources, payroll, benefits, secu-
rity, information technology, and environmental health and safety. Continuity planning should detail 
how the organization will handle failures of varying significance. For example, initial stage planning 
must provide methods to ensure supply chain continuity in the event that electronic databases or ordering 
systems are unavailable. Maintaining a secured supply of currency on site is recommended for emergent 
use. Having a basic response strategy for the facility both during and after a crisis will help employees 
minimize disruption. For example, does the BC plan include a mechanism to pay and support employees 
through each phase of the crisis? Security in the knowledge that one can take care of personal issues 
helps employees focus on the recovery and continued success of the business.

Think of BC planning as proactive insurance, a method to return to function with the least amount of 
disruption. Facilities with an appropriate, rehearsed BC plan more effectively and promptly respond to 
and recover from emergencies.

Benefits of Crisis and Business Continuity Planning: Resilience

A resilient organization is able to rapidly respond and move forward with operations despite conditions 
that disrupt normal routines. An excellent review described both crisis management and BC as the pillars 
supporting a resilient organization, further emphasizing the importance of these two concepts (Snyder 
2013). A resilient organization must be able to withstand all hazards and sustain its mission. The DHS 
Risk Lexicon (September 2008) defines resilience as the “ability to resist, absorb, recover from or suc-
cessfully adapt to adversity or a change in conditions.” As described throughout this chapter, resilience 
is built through planning for and mitigation against known risks, through leadership and training, and by 
incorporating trained personnel throughout the organization into the design and execution of the plan. 
The ability to adapt quickly to disruptions, while maintaining continuous business operations and safe-
guarding people, assets, and reputation, promotes flexibility. Planning for the future, whatever it brings, 
instills resilience. Five key considerations for developing a crisis and BC plan for the laboratory animal 
research facility include

  1. In the wake of several natural disasters, research organizations are now required to develop 
emergency plans as per the OLAW. The eighth edition of the Guide requires animal facilities to 
develop and maintain a current crisis plan. OLAW and Directive 2012/63/EU of the European 
Parliament and of the council of September 22, 2010, on the protection of animals used for 
scientific purposes and AAALAC accreditation require a crisis plan document.

 2. These plans aid in mitigating loss of important research assets and help generate documenta-
tion needed for insurance claims and assistance through government agencies like FEMA or 
funding organizations.

 3. Crisis and BC plans aid in acquiring the supplies necessary to care for animals and personnel 
during a disaster.

 4. The process of crisis and BC planning will aid in identifying weaknesses in the organization 
and improves understanding of facility function.

 5. Crisis and BC planning protects the organization’s image and reputation. A good reputation is 
important for the prospects of securing grants and personnel and gaining public support.
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Conclusion

Those who have experienced a disaster understand the turmoil of emotion that accompanies it. There 
is confusion and urgency in needing to ensure the humane treatment of animals, the safety of per-
sonnel, and the return to normalcy as soon as possible. Crisis and BC planning not only helps to 
safeguard the organization from catastrophe; it also prepares the animal care staff and other key 
departments for any disaster. Several sources rich in advice on developing continuity plans and emer-
gency management are included in the references for further review, study, and application. Recovery 
does not end when the lights come back on and the cleanup is done. A major disaster can take years 
of work to return to the same status as prior to the disaster. This chapter is dedicated to the brave men 
and women who have given, and will give of themselves, unselfishly to protect the laboratory animals 
in their charge.

APPENDIX 17.1: RESOURCES FOR CRISIS PLAN DEVELOPMENT
AAALAC: Disaster preparedness and response for veterinarians. http://www.aaalac.org/accreditation/faq 

_landing.cfm#H.
Alliance for Biomedical Research in Europe (EBRA): www.biomedeurope.org.
American Association for Laboratory Animal Science: Checklist of disaster planning expectations in the 

Guides and Animal Welfare Regulations. https://www.aalas.org/iacuc/iacuc_resources/disaster 
- preparedness#.Vq18ML8oqvU.

Americans for Medical Progress: www.amprogress.org.
American Veterinary Medical Association: A collection of topical papers regarding disaster preparedness for 

animals. https://www.avma.org/news/journals/collections/pages/avma-collections-disaster-preparedness 
-and-response.aspx.

Animal Welfare Information Center: U.S. Department of Agriculture Agricultural Research Service National 
Agricultural Library. https://awic.nal.usda.gov/.

Canadians for Health Research: www.chrcrm.org/.
CDC: http://emergency.cdc.gov/.
DHS: BC plan. http://www.ready.gov/sites/default/files/documents/files/BusinessContinuityPlan.pdf.
FEMA: Online training module to increase awareness and preparedness among animal owners about typi-

cal hazards, how animals are affected, and what can be done to reduce the impact of disasters. https://
training.fema.gov/emi.aspx.

FEMA Emergency Management Institute: Online training module to guide emergency management officials, 
animal owners, and industries in preparing community disaster plans.

Filling the Ark: Animal Welfare in Disasters (2009), by Leslie Irvine: http://www.temple.edu/tempress 
/titles/1977_reg.html.

Foundation for Biomedical Research (FBR): fbresearch.org.
Institute for Laboratory Animal Research, National Academy of Sciences: dels.nas.edu/ilar/.
National Alliance of State Animal and Agricultural Emergency Programs Best Practices Library: Partners 

in disaster response. Includes lists of animal emergency response courses and reference materials. 
http://nasaaep.org/.

Office for Human Research Protections, U.S. Department of Health and Human Services: www.hhs.gov/ohrp/.
OLAW: Provides links to resources about planning for and responding to natural and other disasters. https://

grants.nih.gov/grants/olaw/disaster_planning.htm.
Resources for Crisis Management in Zoos and Other Animal Care Facilities (1999), edited by S. D. Chan, 

W. K. Baker, and D. L. Guerrero: http://www.amazon.com/Resources-Crisis-Management-Animal-Facilities 
/dp/1929672020.

“Sandy Destroys Years of Medical Research”: http://www.cnn.com/2012/11/08/health/sandy-research-time 
/index.html?eref=mrss_igoogle_cnn.

Scientists Center for Animal Welfare (SCAW): www.scaw.com.
Society for Neuroscience: Guidelines for crisis management. Includes supporting institutions for assistance 

when research is questioned by activists. www.sfn.org.

http://www.aaalac.org
http://www.aaalac.org
http://www.biomedeurope.org
https://www.aalas.org
https://www.aalas.org
http://www.amprogress.org
https://www.avma.org
https://www.avma.org
https://awic.nal.usda.gov
http://www.chrcrm.org
http://emergency.cdc.gov
http://www.ready.gov
https://training.fema.gov
https://training.fema.gov
http://www.temple.edu
http://www.temple.edu
http://nasaaep.org
http://www.hhs.gov
https://grants.nih.gov
https://grants.nih.gov
http://www.amazon.com
http://www.amazon.com
http://www.cnn.com
http://www.cnn.com
http://www.scaw.com
http://www.sfn.org
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Introduction

Building or renovating an animal research facility (ARF) is a daunting task. Aside from meeting all 
the regulations and guidelines for quality animal care and use and employee safety, a facility project 
requires accommodating the variety of research protocols ongoing at the institution and projecting the 
possible protocols and species requirements in the future. Due to physical, financial, and philosophical 
concerns, restrictions and compromises inevitably affect the design of every new ARF. For example, the 
available footprint and/or laboratory configuration may dictate the location of load-bearing columns and 
possible ARF room sizes. The potential layout and organization may be impacted by factors dictating 
column placement. The objectives in designing an ARF are to achieve efficiency and flexibility, both in 
operations and in animal housing capacity (species and volume), and control of the environment. The 
facility must enable the maintenance of research animals free of unwanted and unacceptable diseases, 
and chemical and biological contaminants, while fostering a steady-state existence in which they are 
subjected to minimal stress and environmental fluctuations. The degree to which these objectives are met 
is largely dependent on the design, as well as the management, of the ARF. These responsibilities fall on 
the animal resources program, a team of veterinarians, and management and technical experts, in pro-
viding the facilities, equipment, personnel, and programs to promote high-quality research with animals.
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Constituents: Animals, Investigators, Staff, and Stakeholders

As a program manager or director of a major operation, it is essential to have a deep understanding of 
the constituents. In animal research programs, this includes a very diverse group of people, needs, and 
requirements. Constituents include researchers, care and operational staff, and the animals themselves. 
All have needs that must be accommodated. This chapter identifies those needs and how a successful 
leader can accommodate those needs and requirements.

The first priority of any animal facility is to maintain the health and safety of the animals placed in 
the care of the animal research program. Most developed countries have legislated laws and regulations 
regarding the use of some or all animal species in research. Such legislation places significant respon-
sibility on institutions and their people, and provides for significant legal penalties for violations of 
the laws. Additionally, nonlegislated standards have been established to facilitate “best practices.” The 
Guide for the Care and Use of Laboratory Animals (Guide) (ILAR 2011) provides guidance on many 
aspects of vivarium operations in support of the legislative requirement and by providing guides to best 
practices. An understanding of the applicable legal requirements and best practices standards is crucial 
to providing the best and appropriate care for all constituents to meet the desired timeless design and 
construction standards.

The second priority of the ARF is the health and safety of the occupants. Most standard facility health 
and safety requirements are prescribed by a wide variety of building, life safety, and fire codes, and insti-
tutional requirements. Specific types of hazardous protocols may require animal biosafety containment, 
which may require additional safety features, such as those outlined in the Biosafety in Microbiological 
and Biomedical Laboratories (BMBL) (CDC 2009).

The ARF is a vital extension of the research laboratory and should be situated as close to the research 
laboratories as possible. It should be designed to meet and adapt to the needs of research conducted at 
the institution. Access to the ARF should be enabled and unencumbered for authorized personnel, yet 
hardened to prevent interference by unauthorized individuals. The facility must promote conformance 
and compliance with standard operating procedures (SOPs) and desired behaviors. It should also enable 
nonconformance to be identified in order to allow correction through training, retraining, or other mea-
sures. The facility should allow for the logical control, allocation, and distribution of space and be built 
and operated to function at minimal cost, without sacrificing quality.

Another key user group served by the facility is the animal resources team. The facility should be 
centralized to the extent reasonable to enable efficient staff operations and provide for shared support 
elements (NRC 2000). It should be easy to maintain and manage where operations and procedures can 
be standardized, be ergonomically sound, and provide for a working environment and amenities that 
promote staff retention. The facility design should account for physical plant durability, reliability, and 
maintainability, while retaining the flexibility to adapt to unpredictable needs. Generic, general, and 
modular design concepts best meet these needs in the majority of these cases. Secure, restricted access 
promotes a safe environment, free of undesirable disruption, culminating in controlled environmental 
conditions. Other critical constituents are the physical plant maintenance personnel. They have a stake 
in the systems operating correctly, efficiently, and safely. Other stakeholders that must be considered are 
legal, regulatory, accreditation, and funding agencies and the public. This group provides the funding 
and oversight of the conditions for the research environment. The institutional administrators and lead-
ership are ultimately responsible for the operations and the animals. The facility should promote safe, 
comfortable, consistent, wholesome, and appropriately enriched housing for the animals.

Institutional leadership relies on a design that is durable, easy to maintain, and economical to operate. 
The facility must meet all legal and regulatory requirements, protect the public trust and reputation of 
the institution, meet the research needs of investigators, provide for the needs of the animals, ensure their 
good care, and enable the program to meet all moral and ethical obligations of all parties.

Significance of Animal Housing

The validity and reliability of research data is no greater than the least reliable element in the process 
used to derive the data. Research involving experimental animals focuses on the measurement of their 
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biological processes as the primary determinant of data. These biological processes are expressions of 
their genetic makeup and environmental influences, at every point from conception to death. It is in 
the control of environmental variables where ARFs play a vital role in the validity of nonconfounded 
research. The salient environmental variables to consider are

• Physical

• Temperature

• Relative humidity

• Draftiness

• Lighting

• Sound

• Psychosocial

• Population density

• Transportation, movement, and handling

• Group composition

• Opportunities for stimulation and enrichment

• Isolation

• Pheromones

• Chemical

• Contaminants of air, water, food, and bedding

• Diet stability

• Unsanitary conditions

• Caging materials

• Chemicals used in the facility

• Microbial

• Disease-producing microbes

• Viruses

• Bacteria

• Related organisms, fungi, and parasites

• Nonpathogenic organisms that adventitiously affect biological systems

All these variables are addressed in two manners; one is in the operational protocols and SOPs, and the 
other is in the design of the facility. Both components are critical in creating safe and effective research 
environments.

Regulatory Requirements

The design, construction, and operation should meet all applicable codes, regulations, and standards (e.g., 
AAALAC International, the National Research Council Guide, the CCAC [2003] “Guide,” Directive 2010/63/
EU, the Animal Welfare Act and Regulations [AWAR], National Institutes of Health [NIH] construction stan-
dards, the BMBL, the American National Standards Institute [ANSI], the Occupational Safety and Health 
Administration [OSHA], the National Institute for Safety and Health [NIOSH], and the Americans with 
Disabilities Act [ADA]). These specialized vivarium-focused regulations are in addition to the building codes, 
zoning regulations, life safety codes, and individual institutional requirements that greatly influence the design 
of all animal facilities. Many of the vivarium-specific documents listed above are guidelines for the design 
and operation of animal facilities and are not necessarily regulatory requirements. It is sometimes required 
that international research work meet the requirements of the international community. Exploration of sources 
of research funding or exporting of research data may drive additional design criteria. It is the responsibil-
ity of vivarium management staff and institutional management to determine where these guidelines should 
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be applied and where certain operational procedures override specific recommendations. An example is the 
general recommendation for locating a hand sink in all animal holding rooms. While in most facilities this is 
a desired location, if SOPs require the wearing of more than one layer of gloves and the doffing of the outer 
glove is to occur outside of the holding room, then a hand sink should not be necessary.

Interface between Physical Plant and Vivarium Operations

The physical plant must be designed to support the vivarium operations. The architect selected to design 
the animal facility must have experience and a deep understanding of vivarium operations in order to 
successfully integrate operational requirements into the physical plant. It is critical to the success of the 
ARF that the entire design team understand all the procedures and protocols that are to be implemented 
so that the facilities will be able to support those activities. Procedures for entering and exiting the 
facility, posted signs, cage changing processes, and other protocols must be well understood in order 
for the design to support these operations. The development of “flow diagrams” that outline a variety of 
vivarium operations are very useful in understanding the design requirements. (See the sections entitled 
“Modular Scheme Concepts” and “Functional and Zonal Relationships and Allocations” in this chapter 
that discuss in more detail the use of flow diagrams to drive the facility design.)

The Building

Mission, Goals, Operational Requirements, and “Basis of Design”

The facility should be flexible and adaptable with sealed, unadorned, durable surfaces. Beyond that, 
there are a number of considerations in outfitting and operating the facility and accommodating research 
including, but not limited to

• Casework: Where required, it should be easy to maintain and clean, and otherwise minimally 
built out.

• Drains: Although optional, functionality depends on the species. Incorporating drains, capped 
when not in use, enhances adaptability. Trough drains should be considered if large animals 
might be housed. Additionally, drains should be included if there is the prospect for housing 
aquatic species and also in the cage wash areas (when allowed by local ordinances). The capac-
ity of the drain system must be adequate for all the facility’s liquid discharge.

• Procedural areas: The provision of sufficient procedural space within the ARF will help to 
minimize or eliminate animal work outside of the facility.

• HVAC: Heating, ventilation, and air-conditioning (HVAC) and electrical systems should be 
designed with sufficient redundancy to maintain environmental parameters consistently within 
desired ranges within both the animal housing and study rooms and in consideration of poten-
tial system components failing. Ideally, the design should allow for the maintainability of 
mechanical, electrical, and building automation systems located outside animal housing rooms.

• Animal entry: A quality facility allows for sensible options for animals to enter the facility from 
approved sources, destined for quarantine and/or to be rederived. For rodents, a combination of 
active and passive design concepts should be employed to provide or maintain barrier conditions. 
Entry designs should be appropriate to encourage reasonable compliance to SOPs by personnel.

• Life cycle costs: Life cycle costs should be evaluated relative to initial purchasing costs to 
provide for the most cost-effective construction and operations evaluations and to provide true 
value engineering. It is at the time of facility design that sustainable economic operations and 
low per diem rates (NRC 2000) have the highest probable result.

• Working environment: Other important attributes for the ARF are to provide a safe and healthy 
working environment for all personnel, and provide amenities that assist in recruiting and 
retaining staff, and result in maintenance, appearance, and operations that instill confidence in 
the research community that their animals are receiving quality care.
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Phases of Construction and Renovation

The four phases of renovation or new construction are planning, programming, design, and construction. 
These phases represent progressive stages of ever-greater detail in defining and delivering the final prod-
uct. The planning phase begins with a vision that includes the identification of goals and assignment of 
subsequent work to task groups to achieve those goals. Programming is a process bringing ever greater 
granularity to the vision. It is a step where architecture/engineering (A/E) are intensively engaged, and 
it is highly, although not solely, reliant on the expert participation of members of the animal resources 
team. The high-paced, intense design stage culminates with the issuance of detailed construction draw-
ings. Finally, construction and renovation represents the physical act of transforming drawings into a 
three-dimensional structure, and subsequently continues with “punch lists” and validation procedures.

Planning

Planning begins with the identification of a need, with the genesis usually at the level of top management. 
It may be driven by growth of programs, increased research staff, changes in research programs, evolv-
ing science or the needs of science, demands for greater efficiency, and/or a need for more sophisticated 
capability. The impetus for top management to instigate this process may ascend from a number of 
sources, such as strategic planning, goals for recruiting or acquiring new programs, desires of a substan-
tial donor, or program growth driving the need to expand.

The next step in planning is to appoint the appropriate planning groups and then to develop a statement 
of work (SOW).

Statement of Work

A SOW is the product of a visionary task group of key leaders. It results in a preliminary set of general 
drawings and should be facilitated by the participation of animal resources personnel, but not always. A 
well-crafted SOW will

 1. Identify the intent and objectives of the project

 2. Define the requirements for accomplishing it, including the performance schedule

 3. Set the budget amount or limitations

 4. Project for the number of investigators, type of research to be served, and species to be housed

 5. Establish the size of the project and whether it will be a stand-alone structure or relate to other 
buildings and adjacencies

 6. Determine the basic and special operational requirements for the facility

 7. Ascertain the sustainability objectives and potential environmental impacts

 8. Stipulate the deliverables expected of the A/E specialists, including construction drawings

 9. Prepare the more specific program requirements

Task Groups

The next step in the process is to form the various task groups that will drive a task or have a liaison rela-
tionship with the project. One such critical group is the end users. This group consists of those who will 
use, operate, and maintain the facility. It includes researchers, animal resources specialists, top manage-
ment, physical plant management, engineering personnel, and occupational health and safety specialists. 
Their task is to review and evaluate proposed designs from an operational, performance, and scientific 
needs perspective. They may gather considerable amounts of information by questionnaires or surveys.

The user group is the most important group during the planning phase. The design task group is 
second in importance during planning, but assumes a role of primacy thereafter. This group serves as 
the hub of the design effort and provides central management throughout the process. It is authorized 
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to make final decisions about the design and minimally consists of animal resources personnel, techni-
cal experts, safety representatives (including security), a budget manager, and a project manager. This 
group is also often responsible for resolving conflicts or referring them to the oversight group. Animal 
resources personnel include more than the director and may include husbandry management, cage wash 
personnel, the veterinary staff, and other appropriate representatives of the end user stakeholders.

The oversight group, composed of senior leadership, is the final arbitrator for unresolved issues. It has 
the authority to change the budget, commit funds, and provide organizational direction, and is respon-
sible for ensuring that the final design meets the original goals. A fourth group is that of legal counsel, 
which is advisory to the oversight group on legalities, contracts, and the like.

Programming after the SOW Is Defined

More detailed planning occurs in the programming period after the SOW is defined. In this process, 
the operational and user needs are further refined and brought into focus. This step is augmented by the 
A/E group working with other applicable groups, which most commonly involve the project manager, 
representative scientists, animal resources personnel, and top management. Needs and requirements are 
identified, such as

• Surgery, imaging, behavioral, or other specialized procedural space

• Specialized housing requisites, such as for aquatics, large animals, or potential hazards vital to 
research (e.g., radiation, dangerous chemicals, and infectious agents)

• How the physical plant staff will relate to and maintain the facility

The type and size of the animal or animals to be studied, the degree of pathogen exclusion desired, 
and the level of biocontainment form the fulcrum on which the entire facility programming and then 
design must balance. Mice are the species typically requiring the greatest allocation of space in modern 
ARFs (Figure 18.1). At this time, additional information is collected either by getting all the critical 
people together and asking them for projections of future needs or by polling the key stakeholder groups. 
Animal resources will be called on to provide the historical context of census growth and ratios of 
animals to investigators. They will also orient the A/E firm to the housing, equipment, and procedures 
preferred in animal care processes.

Animal resources is expected to refine goals and objectives and then clearly communicate them to the 
A/E firm and provide ever greater detail in the qualitative and quantitative descriptions of programs and 

Mouse

Rat

Rabbit

Primate

“Large”
species

Mouse

Large species

Primate

Rabbit

Rat

FIGURE 18.1 (See color insert.) Relative proportion of space required by species used in research in 2006. (Figure and 
data compliments of HDR, Inc., Atlanta, GA.)
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activities to be served by the end product. The means used to house animals and types of them, determi-
nation of the various types of space and square footage accorded, and how traffic and work will flow in 
the facility are elucidated. It is at this stage that conflicts first arise between competing needs and priori-
ties of the various end users in light of the limitations of the budget and unforeseen constraints emerge 
bearing on any of the aforementioned areas.

Program of Requirements

Programming culminates in the development of a program of requirements (POR) and the design intent 
document. In the design community, this is commonly referred to as the basis of design (BOD). The POR 
or BOD is a comprehensive document consisting of a detailed narrative and diagrams, and it also serves 
as the starting point for commissioning and validation efforts. Here, the goals and objectives have been 
refined. The POR will provide the spatial allocations between nonprogram and program components, 
including administrative, mechanical, animal housing, and animal care support. Space functions and 
quantities, the functional adjacencies, and staffing projections will be defined by this time. Following 
this process, the comfort and ease of research for the human occupants should be a priority. Conditions 
allowing flexibility will have been considered. Cost will come into focus. Code constraints and existing 
conditions at the site and other impediments will have been identified and addressed. Critical infra-
structure requirements will be defined, including the quality of construction; mechanical, electrical, 
and plumbing (MEP); quality requirements for materials; redundancy (e.g., power, fans, and elevators); 
security and traffic control; and types and location of fixed equipment. At this time, the schedule also 
takes shape and, in the case of renovation or disruption posed to nearby activities, any phasing and relo-
cation plans if the facility is to remain occupied. Programming concludes with a detailed budget, precise 
drawings, and a tentative construction schedule. The design intent document describes the minimum 
functional requirements of the facility, defines the commissioning process, and states the methods of 
performance testing and assessment of functionality.

Errors in Planning and Programming

The errors that commonly plague planning and programming are

• Questionnaires and interviewer biases (such as collecting opinions or unsubstantiated and 
wildly enthusiastic projections instead of facts)

• Collecting too much or too little information

• Catering to a dominant or domineering user or need in lieu of basic requirements

• Failing to establish true priorities and attending to wishes rather than needs

• Perpetuating design flaws

• Ignoring occupancy needs for fixed equipment and for postwarranty preventive maintenance 
of expensive equipment

Design flaws arise from inexperienced design teams and conclude in the failure to meet the needs 
of both the research and animal care end users. Design flaws occur when the team overlooks essential 
activities, such as

• Where feed or bedding will be stored and how these materials will be received, processed, and 
moved to animal rooms or staging areas

• How people will enter rooms and where any personal protective equipment (PPE) might be 
kept

• How animals will enter or exit and the level of biosecurity

• The methods and paths of waste removal, dock capacity, and traffic flow, which are particular 
risks
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In medical center facilities, careful consideration should be given when entering into projects that 
are enveloped within, or adjacent to, patient care areas, as there will almost invariably be complications 
regarding dock access, traffic flow, maintenance, and renovation that must be addressed.

The needs for nonfixed equipment are considerable and expensive, and should be considered for inclu-
sion within the scope of work. This may include the caging (or a portion thereof) and support equipment 
to enable “turnkey” use of the facility upon acceptance of ownership. Also to be considered are biosafety 
cabinets, lab chairs made of sanitizable material for use in procedure rooms, and office furniture and 
hardware. Ignoring the needs for nonfixed equipment is often the consequence of establishing the bud-
get prematurely, excluding these important line items, or the surreptitious pirating of the appropriation 
toward other needs. Oversight in ensuring sustained preventive maintenance of vital, expensive equip-
ment is a simple error that must be prevented in order to ensure continuity of operations and prevent 
animal resources from taking on unforeseen financial burdens. It is important to remember that whatever 
equipment is installed must eventually be removed, and the design must take this into consideration.

Design

Step three, the design phase, starts when the POR is approved, and it ends with the award of the construc-
tion contract. Exertions devoted to design by all parties may account for about one-third of the total project 
cost (Wilson and Palmer 2005), so it is nothing to be trivialized. This phase requires close and regular work 
between the A/E and design task groups. It is a period of iteration and reiteration, drawing and redrawing, 
and back-and-forth exchange of concepts that requires prioritization, extra devotion (often beyond normal 
working hours), and thick skin. Design transforms the POR data into biddable and constructible documents. 
It follows a sequential process of conceptual design to design development to review of construction docu-
ments to review of “prefinal” construction documents to review of the final bid documents.

Concept Development

Conceptual (schematic) design is the preliminary phase and includes conversion of the spatial relation-
ships and block diagrams of the POR into line drawings, floor plans, and elevations. Several concepts are 
usually developed. New constraints may begin to exert an effect, such as in an asymmetrical footprint 
allocation or unusual dimensions of the structure or certain areas or components. This phase is influ-
enced by many factors, and there is no “one way” to do it. Conceptual development ends with the selec-
tion of a single concept and proceeds to design development.

Design Development

The product of design development is a written report on major design objectives, how they will be achieved, 
and the rationale for the design. From that report, drawings, schematics, and floor plans are developed that 
show details of corridors, rooms, doors, elevators, shafts, and the overall exterior. As progress is made, the 
construction documents are spawned, giving rise to drawings showing room titles; numbers and dimen-
sions; door sizes, types, swings, and dimensions; fixed and portable equipment; and plumbing fixtures. 
Special facilities are drawn in detail. The cost estimates and projections become clearer and more meticu-
lous. The prefinal review set of documents is, in essence, a complete set of drawings, product specifications, 
and budget estimates to be submitted for approval. These drawings are complete, including colors, finishes, 
furnishing, and signage. It is at this point that there may be finalization of commissioning design intention 
and specifications. Once this step has been completed, significant changes cannot be made easily. After 
approval, the final bid documents are created. These specify the quality of items and systems, insurance 
and bonds, locations of the bid opening, bidding dates, and conditions of the bid.

Bid Conditions

There are generally two conditions of the bid. The general contractor approach is where the construc-
tion company provides a total cost and budget for the entire project and accrues any savings in time, 
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materials, and the like that occur along the way. The benefit to the project owner is knowing the total 
project costs, but the risk is for inferior substitution or work. It is possible under these conditions for 
savings to be split in a negotiated fashion between the owner and contractor. An experienced project 
team, with adequate administrative support, serves as a deterrent to inferior substitutions. The construc-
tion management approach allows room for negotiation during the course of the project, but under the 
constraints of the budget. For example, if the cost of flooring materials is less than budgeted, the savings 
could be diverted by the owner to other upgrades (as in better flooring or new doors). This approach is 
more time-consuming to manage, but allows for balance of cost and quality and sometimes for upgrades 
of quality.

Errors in Design

The common errors inherent to design arise from many factors, such as

• Budget imbalances between mechanical systems, equipment, and finishes

• Problems related to the selection of inferior interior finishes

• Selecting the wrong or inadequate equipment

• Not considering how large equipment will enter the facility for installation (or removal and 
replacement) or if surfaces have adequate weight-bearing properties

• Ignoring redundancy and fail-safe systems that protect animals and experiments

• Inadequate security

• Failing to plan for coordination among the building trades as they are brought into the process

• Suboptimal storage capacity

• Vermin control during and after construction

• Disregarding the possibilities of flexibility and less intrusive future expansion

• Not accounting for noise transmission and abatement

• Overlooking codes, safety factors, and emergency procedures

Construction

Construction begins with the notice to proceed and ends with the occupancy of the facility. It accounts 
for about 67% of the total cost of a project. It is important to appreciate that a building does not arise 
from the design documents, but rather from shop drawings developed from the design documents. Shop 
drawings include schematics, drawings, parts lists, catalog cuts, mechanical and electrical diagrams, and 
product samples. They are developed for almost every component of the facility: electrical, plumbing, 
ventilation, and the like. As product or other substitutions are often necessary, proposed, or undertaken 
during this phase, it is critical that the design group, including the animal resources staff, define which 
specific submittals they must review as part of the approval process. Economic realities often dictate that 
the end users do not get everything they want or that was originally intended, but the facility user should 
have some voice in “value engineering” decisions and an ability to make cost–benefit decisions. The A/E 
and construction groups drive the construction phase.

It is very important that the animal resources staff stay engaged in the process, because there is argu-
ably no group that is more invested and interested in the outcome of the facility. Animal resources should 
have representation at all regular meetings and be authorized to take ad hoc walk-throughs and evalu-
ations of the site at will in order to ensure that everything is being done according to the original plan, 
and that all equipment, installation, and construction meet specifications. Being regularly on the site 
allows for mistakes to be addressed immediately and prevents surprises at the end. While this requires 
additional effort and documentation, it prevents costly errors. Another important element is to have zero 
tolerance for eating and drinking within the ARF confines during construction in order to prevent attrac-
tion of vermin and possible contamination. It is at this stage where vermin prevention interventions, such 
as boric acid installation in cavities, should be implemented.
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Project Management

Project management is integral to this phase. This is usually provided by an institutional employee 
skilled and knowledgeable in the areas of design, construction, specialized ARF requirements, inter-
acting with contractors and the trades, managing the budget, scheduling, and representing the ultimate 
owner and not the contractor. Project managers may arise from different backgrounds, but they must be 
skilled in sensibly balancing end user needs with top management desires for on-time schedule comple-
tion and budget control. Project managers typically are operating at the point of tension between con-
trolling up-front costs for top management and delivering a product that allows for low operating costs, 
maximum efficiency, and more rapid payback to the institution in savings, investigator retention, and 
scientist recruiting. If project managers are overcommitted to the end user at the expense of top manage-
ment, they risk getting fired. If they are overly loyal to the interests of top management at the expense 
of the end user, the end user may be victimized with uninformed and unsanctioned “value engineering” 
decisions or left with an unfinished facility that will remain incomplete or require finishing with funds 
from other sources. These realities make it obvious that the sympathies of the project manager may 
ultimately lie elsewhere than with the needs of the end users. At an operative level, the project manager 
should take the lead with regard to notifying other institutional shareholders, such as hospitals or imag-
ing sites, of construction-related impacts, such as road closures, utility shutdowns, and any other noise- 
or vibration-generating activities. During a renovation project, the ARF should take the lead to ensure 
that construction-related impacts are minimized and communicated to the users.

Construction Monitoring

It is critical for animal resources personnel to understand that their regular inspections of the facility 
under construction best ensure that the final product conforms to the design documents. While the pri-
mary responsibility for this rests with the A/E group, periodic multidiscipline reviews must be made of 
the construction. As part of this monitoring, the A/E group and representatives of the owners are respon-
sible for documenting accepted work so that payments can be made. During the construction phase, 
meetings are regularly held by the contractor and progress reports are made by the A/E to the owner to 
keep the project on schedule and verify the construction in place.

Change Orders

“Change orders” and their management are another vital area requiring understanding. Change orders 
result in alterations to the original project and derive either from unforeseen developments or as a con-
sequence of poor planning, ill-defined programming, design errors, or impulse. Change orders should 
be avoided because of the associated attendant high cost and scheduling delays (Figure 18.2). This rein-
forces the importance of thorough programming, planning, and design. For example, it is significantly 
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FIGURE 18.2 General representation of the cost of changes relative to the progress of a construction project. The cost of 
changes and of change orders escalates and the ability to influence design declines as a project advances.
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less expensive to install extra conduit (to possibly electronically secure some or all animal rooms in the 
future) during the scheduled phase of construction than to retrofit conduit and surface penetrations after 
the structure has been mostly completed. It is prohibitively expensive to add plumbing and drains to a 
facility constructed without them.

Project Closeout

Project closeout is a process to ensure that all aspects of the contract have been met and installation is 
acceptable. At this time, all systems and equipment should be tested. A separate “commissioning agent” 
is often employed by the owner to verify that the equipment and systems operate as specified. A step 
beyond commissioning is to engage in validation, whereby the work, materials, and design are con-
stantly evaluated every step of the way and where all are logged, tagged, and approved. Optimally, this 
involves additional engineers or “validation consultants” and more up-front expense, but it may pay off 
in an immediately functional and highly efficient facility. In reality, this service often is restricted to the 
project manager and animal resources team. A punch list is developed by the A/E group and representa-
tives of the owner during final inspections to document required corrections or omissions that must be 
addressed as a condition of acceptance. The animal resources staff must take an active part in developing 
this list, since it is their workplace that is at stake. All changes during construction should be documented 
in “as-built” drawings for future reference. Accurate as-built documents are essential, as modifications 
and renovations years in the future are inevitable and having the as-built conditions is a critical legacy.

Final payment is made to the contractor after a “release of claims” is obtained, which ensures that all 
subcontractors and suppliers have been paid. With respect to occupancy, it is best not to take possession 
until all punch list items have been corrected. Otherwise, the owner may be responsible for any dam-
age or unattended items not on the punch list once occupancy occurs. Most items and construction are 
warrantied for 1 year. Often overlooked is the “11-month walk-through,” where deficiencies are identi-
fied and corrected before exhaustion of the warranty. Warranties should be in place and negotiated to 
become effective and start at the time of occupancy or first use, not when first delivered to the site. 
Equipment requiring preventive maintenance contracts beyond the first year should be identified and 
contracts arranged. All complaints should be collected by the users and passed on to the A/E group dur-
ing the first year. This is important, as the A/E group and contractor are no longer on site and will be 
unaware of conditions if not notified.

Errors in Construction

The most common management and leadership mistakes that occur in association with construction are 
not having a plan for conflict resolution and expectations for the schedule. Another error is ambiguity in 
assignments and charges to the task groups, including responsibilities and lines of authority. Other con-
founders at this stage include ill-defined program requirements, which predispose the process to frequent 
change orders or inferior construction and a loss of focus, resulting in failures to work around problems or 
address them immediately to maintain momentum. Imbalances of scheduling and budget with respect to 
the functionality of the facility risk overweighting decisions in favor of conserving “up-front” (or “first”) 
costs and not balancing these with operating (“life cycle”) costs. For example, a finish that is cheap to 
apply may require expensive maintenance or premature refinishing down the road compared with a more 
expensive, lasting, and durable product. Other risks include letting aesthetics take priority over needs and 
ignoring users simply to remain on budget or schedule. Insufficient user input and fidelity to user needs 
can result in a new facility that is underutilized or requires immediate renovation. Enslavement to the 
budget may also predispose to poor quality control (QC), whereby budget demands converging with a 
hurried pace and compressed schedule leave insufficient time to monitor and act to correct deficiencies.

The Design Team with the A/E Group

The A/E group formally joins the project during programming or at the beginning of the design phase 
and consists of experts from a qualified firm. It is critical that the firm have experience in ARF design, 
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particularly with HVAC engineering, as good HVAC engineers are a rare commodity. They should also 
be knowledgeable of hardware and finishes appropriate for any ARF and able to project costs, savings, 
and payback relative to certain designs, space utilization, animal housing systems, staffing levels, census 
figures, and automation options. The selection of the A/E group may be made by top management or in a 
more egalitarian fashion, with the institution inviting firms to bid on the project with subsequent steps of 
developing a short list, considering references, and scheduling presentations and interviews. It is impor-
tant to look past the firm itself and to the credentials of the specific A/E group proposed for the project.

Design/Renovation

Due to changing requirements or inherent imperfection, renovation to some degree is intrinsic in the life 
cycle of some or all of a facility. The usual drivers leading to renovation are

• To correct deficiencies and defects, save money or energy, or enhance sustainability

• Provide redundancy

• Enhance security

• Improve operations logistics and efficiency

• Address safety

• Allow for greater flexibility

• Permanently repurpose space in response to a change in activities

The scale of renovation can range from major, grand, all-encompassing projects where walls are 
ripped down and infrastructure is gutted to more focused applications leaving room dimensions essen-
tially intact, such as to add automated drinking water delivery, switching from static to ventilated cages, 
refurbishing marred surfaces, or replacing failing equipment. There is also the simple fact that struc-
tures, systems, and equipment eventually begin to show their age and fail to hold up. The ideal is to avoid 
or minimize the need for renovation, as it is costly, disruptive of adjacent activities, and often dusty and 
noisy, thus placing the onus on proper construction of adaptable resources the first time. Considering the 
original cost of the space, adding on the expense of demolition and waste disposal plus rebuilding in a 
confined area, the effects on the availability of utilities, and the value of the lost use of the space and 
forsaken productivity, the outlays for renovation can be staggering. If only a few existing conditions sub-
stantially penalize a renovation project, such as the expensive, time-consuming, and hazardous removal 
of asbestos-containing material, new construction can quickly become more economically attractive 
than renovation. On the positive side, the principles of renovation design are essentially those of con-
struction, except with the element of demolition often added.

The overall complexity of renovating in the midst of preexisting activity places an even greater pre-
mium on planning than new construction and on managing and sustaining research through the altera-
tion. The impact of noise and vibration on the care and maintenance of animals undergoing experiments 
during facility renovations can be substantial and extends well beyond the traditional zone of demolition 
and reconstruction. There is some evidence referencing the need to mitigate noise and vibration during 
construction projects (Rasmussen et al. 2009). Phasing the renovation is a way of potentially limiting the 
impact of noise on the animals. Constructing the facility properly and with principles of adaptability the 
first time is also a way to mitigate (i.e., prevent) renovation.

The cost of renovation may exceed construction on a per gross square foot basis (Wilson and Palmer 
2005). Just as with construction, the MEP components are generally substantial in renovation, and with 
resource conservation and environmental effects having considerable weight. Renovations of substance 
almost invariably require either new air handling systems or significant upgrades and modifications. 
Beyond the sophistication and capacity of equipment exerting cost-effectiveness, complex building systems 
are usually concealed behind the sometimes cramped, constrained, and congested walls and ceilings of the 
ARF. Adequate floor-to-floor height is an important factor in this regard, making top floors and some-
times basements often best suited as the sites for renovation. The infrastructure, for example, includes 
the weight-bearing capability of the floors that must be significantly robust, as animal research sites 
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and their occupants are particularly hard on their environment and also susceptible to vibrations from 
power sources, machinery, and traffic. Another cost factor occurs in low-rise and midrise animal facili-
ties where verticality adds costs and complexity. This increase is due to the challenge and higher cost 
of installing and maintaining more complex HVAC systems in multistory buildings and managing the 
needs of occupants on adjacent floors. Payback periods may vary by institution and circumstance, but 
projects in most cases usually are seen favorably and deemed worthwhile if the payback is 5 or fewer 
years.

Establishing the Budget

The approximate parameters of the budget are usually established at or before the start of planning, 
sometimes resulting from feasibility studies. There is a danger in setting the budget prematurely before 
completion of the planning and programming stages. Premature estimates may result in having to adjust 
or eliminate needed facets within a low, premature cap. Budgetary constraints and space limitations 
frequently cause tension between the end users focused on safety and low operating costs, scientists 
envisioning alternative uses for space, and the administration and members of the project management 
team whose objectives are low up-front costs, finishing under budget, and moving on to tackle the next 
project. These sorts of differences are not unnatural, however. Cost justification, the weighing of the 
expenses and benefits of an initiative or perceived improvement, is a normal and customary business 
practice. It allows for optimal monetary investment and uses dollars as the unit and basis of compari-
son. Consequently, when competing for the same allocation of money, the relative merit of needs of the 
animal resources program must be subjected to the same intense scrutiny as all other potential applica-
tions. Animal facilities, in general, are some of the most expensive facilities to construct and operate. 
These high costs are associated with the continuous, 24/7/365 operational requirements, the robustness 
of the engineered systems, the level of finishes that are required, and the equipment required to operate 
a vivarium facility. It is very important that the vivarium management participate in the initial stages 
of the development of a project to ensure that there is adequate funding to construct the specific facility 
required. The cost can range from $400 per square foot to more than $700 per square foot, depending on 
the complexity, location, and size of a given facility.

Construction Delivery Process

The selection of the delivery process, or the method by which the contractual approach to the construc-
tion of the facility is accomplished, can be a large cost driver. The most traditional approach is termed 
“design–bid–build,” which describes the process where the design of the facility is 100% completed 
by the selected A/E firm and then the construction documents are issued to construction companies, 
who then bid on the project based on their estimated costs. This is typically a very competitive process, 
where the lowest price is typically awarded the project. While cost is always a factor when considering 
a contract, a “value-added” approach may be specified. This enables the contract evaluation team to 
consider intangible factors (i.e., experience of the A/E firm with regard to vivarium design) versus hav-
ing to accept the lowest bid. The contractors who bid on the project can be selected by the institution or 
invited bidders, or the project can be made open to any qualified contractor. At most public institutions, 
open, competitive bidding is often required, whereas private institutions are able to select the contractor 
or contractors that they want to bid on the project. The approach taken by the public institutions is seen as 
delivering the most competitive pricing; however, this process requires that the construction documents 
be very thorough, as any missing elements or mistakes in these documents will lead to additional costs 
required to cover the deficiencies in the documents.

A second approach is called “design–build”; this approach teams an A/E firm with a construction firm 
to offer turnkey services to the customer. This approach has not been widely accepted by institutional 
clients, as they and many others see benefits in controlling both the A/E firm and construction firm and 
their contracts to ensure that the goals are met for each party. In this approach, the A/E firm is typically 
selected by the contractor, and it is this entity that holds the contract for the A/E services. The draw-
back of this arrangement is that the A/E firm may be prevented from acting as design and engineering 
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advocates for the client because the client has no control over the A/E, as it works for the contractor. 
This approach, however, is widely used in the private sector, particularly on industrial-type projects. The 
process is seen to provide the fastest schedule from design to occupancy. The design–build team works 
together to prepare the design and construction documents, often looking for the lowest-cost approach, 
and then presents both the design and the costs in one complete package for the owner to approve. If 
the design–build approach is used, the animal resources group should carefully review all drawings and 
submittals to avoid value engineering approaches that may require costly renovations or lead to an inef-
ficient use of part or all of the facility.

In the last 10 years or so, a third approach has become very popular, particularly with institutional 
clients, called the construction manager (CM) at risk approach. This process begins much like the tra-
ditional design–bid–build approach, with the client engaging the A/E firm directly to begin the design 
process. At some point, typically early in the design process, a contractor is selected to provide the actual 
construction, without having priced the entire project. The CM then works with both the A/E firm and 
the client to provide interim cost estimates as the design progresses, guiding the overall costs of the 
project. This is often seen as a benefit to both the client and the A/E firm in that the project costs are esti-
mated earlier in the process and changes required to manage an established budget can be implemented 
in early design phases rather than later, causing major changes to the construction documents. This 
approach seems to provide owners with a more secure sense that their project will be completed with the 
available funding and that cost overruns can be avoided. However, due to the ongoing cost estimates and 
the contractor’s need to eliminate risks of cost overruns, this approach is typically the most expensive, 
possibly adding 10%–15% to the costs of a given project. This premium is often seen by the client as the 
cost associated with minimizing the risk of overbudget projects.

There are several iterations to each of these approaches, but the above describes the basics of the three 
most widely used delivery methods. Each client must evaluate what is most important to it in selecting 
the appropriate delivery process—overall costs, schedule, and/or quality. Each approach has its pros and 
cons, but the selection of a delivery method should be made with a thorough understanding of the risks 
and benefits of each approach.

Cost Considerations

A vivarium is one of the most expensive types of facilities to construct and operate. The actual products of 
construction visible to the end user (surfaces, equipment, and interior accoutrements) constitute less than 
50% of the investment in the project; approximately 50% of the cost is that of the MEP components (Figure 
18.3). Cost factors, when meeting the needs of the end users (typically research staff), are a primary cri-
terion. Therefore, the size and types of spaces provided must be considered with the ultimate costs of the 
space and equipment. There is a minimum quality standard that must be provided to meet the requirements 
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costs of MEP components.
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of the regulatory bodies, which will typically require a minimum cost per square foot to deliver. This mini-
mal quality level must be achieved to successfully operate a facility that is safe and protects the health of 
all the occupants. The only other factor that can be changed to meet an established budget is the reduction 
in the overall size and scope of the facility. Constructing a below-standard facility should never be con-
sidered, as human and animal health and safety could be at risk. It is easier to downscale size and develop 
additional space in the future, whereas upgrading a poor-quality facility is much more difficult and costly. 
The vivarium management must be diligent during the design processes to ensure that the minimum qual-
ity standards are built into the design, which will then be implemented during construction. The ARF 
management team should be involved in the establishment of the initial scope and budget for any proposed 
new or renovation project, to ensure that there is adequate funding to meet the scope and quality required.

Scheduling matters can also affect cost. Procurement times, construction phasing, and local factors 
affecting the availability of trade specialists require planning that takes these into consideration. In par-
ticular, local factors, such as several large construction projects in a given market, may drive the avail-
ability of trade professionals and price of construction materials much higher than historical averages, 
both of which lead to increased costs. Similarly, after large-scale devastating events, such as hurricanes 
or earthquakes, construction costs and contractors will be at a premium and may be diverted away from 
ongoing local and regional projects.

Site

Site selection for a vivarium facility often does not engage the vivarium management staff with the 
responsibility left with the design team. However, there are a few critical issues that should be considered 
when reviewing a potential site for an animal facility that require input from the vivarium staff. These 
include the accessibility to the loading dock area, the delivery of supplies and materials, and the removal 
of waste products, which will be a daily occurrence. The “grade” of the land should also be considered. 
For example, a loading dock area that is not even can provide significant access challenges in locales that 
receive snow or ice. The availability of highly reliable utilities should also be an important consideration. 
In some locations, this may require utilizing well water, and percolation test results that will support the 
intended facility must be obtained. Obvious issues of floodplain locations and geotechnical challenges 
should not be overlooked. Other important criteria may include the ability to expand the facility and if 
the site is sufficient for expansion.

Permanent and Temporary Structures

A simple, but fundamental early decision in the design and construction process is to determine whether to 
create a new building, renovate an existing one, or buy a prefabricated structure. Specific to our industry, 
there are fast-track, fully operational, highly integrated, turnkey-ready, modular ARFs that can be deliv-
ered rapidly, at competitive prices and situated in a number of sites, including on top of existing buildings. 
If desired, the modular building can be preequipped with caging, cage washers, and mechanical equipment 
included and installed. If one elects to go prefab, then the designer will require certain information, such as 
the species; equipment needs; requirements for the flow of personnel, materials, and animals; preferences 
on room sizes and layouts; space allocation for program needs; and overall square footage required.

If one elects to build or renovate, questions to be addressed are

• Will the facility allow for centralization of activities or must there be some degree of 
decentralization?

• Will there be single or multiple stories?

• How will maintenance personnel access MEP?

• What will be the number and arrangement of corridors?

Stratification of the ARF onto multiple floors has its pros and cons (Table 18.1). The best advantage is 
convenient access to ARFs by researchers. A significant drawback is that these facilities are highly elevator 
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dependent, thus adding considerable up-front construction costs, making access and servicing by the ani-
mal care team subject to bottlenecks, and creating the risk or reality of use by nonanimal users. Another 
downside is that the piston-like movement of the elevator cars in the shaft may result in the injection of air 
from the animal facility onto other floors and vice versa. Multiple floors may also spawn investigator and 
departmental territorialism and a reluctance to share space beyond a related cohort. Typically, multilevels are 
most viable for the largest of facilities (e.g., those encompassing greater than 20,000 net square feet [NSF]).

Corridors are important considerations. Will the rooms be accessed for all purposes from a single 
corridor? Will there be multiple corridors for a clean-to-dirty traffic flow pattern? Or, will the corridors 
open into suites containing one or more of a variety of rooms?

Types of Space

The programmed types of space critical to an ARF segregate along the lines of what is mandatory and 
what components are optional, depending on how the facility will be used. Animal holding rooms and 
certain support spaces are required elements for even the most meager satellite-type facilities. Additional 
spaces may be needed if the ARF is to be sufficiently large to operate with cost-effective efficiency, 
requiring continuous staffing during business hours, and usually with an associated cage wash resource 
regularly in operation. In a facility optimally staffed with a supervisor and six to eight animal care and 
cage wash technicians, beyond animal holding rooms, the following types of space are usually included:

• Procedure rooms (including euthanasia)

• Cage wash with related support spaces

• Soiled items staging

• Gross wash-down

• Mechanical equipment space

• Work areas for the processing of soiled and clean materials

• Clean holding (10%–20% of caging and accessories in use at 100% capacity)

• Sterilization and sterile holding

• Utilities service and access

TABLE 18.1

Comparative Assessment of Single versus Multilevel Facilities

Criteria Single Level Multilevel

Security  

Management/supervision  

Construction costs  

Operating costs  

User access  

Service access  

Disease control  

Noise control  

Environmental control  

Flexibility  

Vertical transportation  

Travel distance  

Renovation  

Expansion/contraction  

Net to gross  

Note:  = optimal;  = acceptable;  = suboptimal.
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• Spaces and amenities to facilitate related administrative functions

• Spaces and amenities to support veterinary clinical activities

• Pharmacy

• General procedure room for emergency minor surgery and other clinical interventions

• Record-keeping and communications area in lieu of using mobile technology

• Isolation, hospitalization, major surgery, and substantive diagnostic procedures as separate 
areas or incorporated into a clinical hub

• Necropsy and veterinary diagnostic lab

• Space and storage suitable for the processing of clinical and research samples

• Support spaces

• Dock access for receiving and shipping

– Determine if both clean and soiled docks are needed

• Clean storage, such as feed and bedding

• Idle equipment

• Gas cylinders

• Expendables, such as PPE and including cleaning and other chemicals

• Holding and staging areas for trash, soiled bedding, other waste, and carcasses

• Other spaces to consider depending on size of facility and need

• Feed preparation

• Custodial closets

• On-site waste processing and disposition (e.g., chemical digester and incinerator)

• Vivarium staff areas (and research staff while in the ARF)

• Offices to enable confidential interactions

• Technical workstations

• Diverse communications resources

• Break rooms

• Locker rooms

• Administration areas

• Senior staff offices

• Reception

• Conference rooms

• Training room

• Library

• File room or archives

• Control room for servers, environmental monitoring, and security hardware

If the program has an active research component, wet laboratories for faculty purposes may also be 
necessary. Large, complex facilities may be outfitted with select animal research labs, large animal 
surgery resources, and other modalities. Specialized laboratory facilities that may be needed include 
those for the generation and cryopreservation of genetically engineered animals; quarantine and health 
rederivation; behavioral and physiologic phenotyping; acoustical, photoperiod, and other environmental 
manipulations; and imaging and irradiation. A large animal surgical resource will require one or more 
operating rooms, a site for preoperative animal preparation, an operating room prep, a surgeon scrub, a 
recovery or intensive care unit (possibly shared with the animal prep area), a gas cylinder closet, a jani-
tor closet, equipment storage (C-arms, cautery, tables, monitor stations, and the like when not in use), 
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controlled substance storage, a pharmacy, an office, dressing rooms with lockers, and laundry storage 
and processing.

It is important to understand the concepts of net square footage and gross square footage, as they 
contribute to many facilities that start out tracking the needed space against the budget. The budget and 
associated costs are based on the total facility, or the gross square feet (GSF) of the building. This includes 
every component of the building and what is needed to support the operations and includes usable spaces, 
connecting corridors, all MEP areas, stairwells and elevators, duct and utility shafts, information technol-
ogy (IT) and service closets and rooms, structural columns, and even the space occupied by the thickness 
of the walls and partitions. The net square footage typically refers to the spaces listed above, which repre-
sent the usable areas of the building. The building efficiency is the ratio between the net or usable square 
footage and the gross or total square footage, and in a typical ARF, the efficiency will be between 50% 
and 60%. The cost of the facility is always based on the gross or total building square footage, so in the 
early planning stages, before floor plans are even prepared, it is essential to apply the efficiency factor to 
the required space requirements, net square footage, when preparing early cost estimates.

Modular Scheme Concepts

The types of spaces desired for the ARF are then organized into programmed zones, although these may 
not be strictly segregated and certain components of zones may be comingled (Figure 18.4). The usual 
zones that are considered are standard animal housing and procedures, specialized animal housing and 

AHR AHR AHR

Surgery

Procedure area

Gown

E.R. E.R.

Procedure
area Cage

wash

AHR AHR AHR

FIGURE 18.4 (See color insert.) Modular scheme relationship and flow concept at the design stage of a construction or 
renovation project. AHR, animal holding room; E.R., equipment room.
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procedures (e.g., barriers and hazard containment), cage processing, logistics, personnel, administrative, 
and traffic (corridors, elevators, and stairwells) (Figure 18.5). The standard animal housing procedure 
zone is usually organized with three primary considerations:

 1. Will the zone be organized around corridors or use a suite system?

 2. A suite system typically constitutes 50% or more of the program space.

 3. The standard zone must be organized and built to isolate and insulate species and research 
procedures sensitive to noise from noise-generating species and activities.

Special animal housing and procedure zones are usually built to contain hazards, particularly infec-
tious agents, but may also have applicability in certain cases for dangerous chemicals and radiation. In 
some cases, barrier exclusion facilities may be constructed, but it is important to consider that these 
are costly to build and maintain. They are also highly reliant on user compliance, which can overcome 
and render ineffectual the most superb design. The cage processing zone is fairly explanatory in that it 
consists of all washing staging and preparation of caging and sanitizable equipment, along with related 
storage and aspects of distribution. The logistics zone addresses receiving, waste holding, general supply 
storage, bedding storage, and food holding with components sited near the dock and cage processing 
zone, and with smaller satellite components distributed throughout the facility. The personnel zones are 
usually a mix of a proportion centralized in a contiguous arrangement, but with some dispersal. This 
zone constitutes locker and dressing rooms, toilets, showers and other amenities, air showers, supervisor 
offices and clerical space, break rooms, and anterooms. The administrative zone may consist of offices 
for senior leadership and clerical and secretarial staff, office equipment, a conference room or library, a 
kitchenette, a mail room, a systems room, office supplies, and one or more waiting rooms. Corridors are 
critical for the flow of material and personnel and segregation of “clean” from “soiled” or contaminated 
areas. Corridors also may serve to differentiate public spaces (e.g., the administrative zone) from animal 
activity or other restricted areas, and identify transitions to different types of space (e.g., locker rooms 
or surgery), and may be used to separate pathogen-free areas (animal housing or clean cage wash) from 
contaminated or “dirty” zones (soiled cage wash).

Functional versus Zonal Relationships, Including Space Allocations

The ARF consists of program space and nonprogram space and is typically quantified in terms of both 
GSF and NSF. A term closely related to the latter is net assignable square feet (NASF). The GSF of the 
facility comprises all the program and nonprogram space and is the sum of space of all floors out to the 
exterior wall surfaces—it essentially amounts to all the spaces and surfaces that must be constructed 

Housing/
procedure

50%

Cage
processing

20%  

Animal
support

15%  

Surgery/
necropsy

10%  
Staff areas 5%

FIGURE 18.5 Demonstration of the typical programmable space allocations by proportion in a typical animal research 
facility.
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and maintained and is the figure used in calculating construction costs for a facility (Figure 18.6). A/E 
groups use NSF to address all the internal components that must be designed. NASF is the area that is 
suitable for occupancy for specific activities. It excludes shared and nonprogrammed space and is often 
used to distribute costs to activities. The nonprogram spaces are the general areas that cannot be assigned 
to specific activities and generally amount to those required for circulation, such as corridors, stair-
wells, lobbies, and elevator shafts; those needed for support responsibilities, such as utility closets and 
mechanical rooms; and those needed for architectural features, such as columns. As an estimate and by 
rough order of magnitude (ROM), a facility is about 50:50 program to nonprogram. With respect to the 
NSF that is programmable, animal housing usually occupies 40%–50%, with support space constituting 
the remainder (Figure 18.5). Through repetitive, reiterative analysis and reconfigurations, it is possible to 
squeeze additional program space from the footprint, possibly exceeding 60%.

A number of factors may converge to dictate the size of the ARF. For large research-specific struc-
tures, a good starting point is to plan for an ARF that is 10%–20% GSF of the total research space. 
Relative to this allocation, the larger the research facility is and the higher the animal density housing 
(i.e., the greater the ratio of rodents and fish to other species), the smaller the overall percent of the ARF 
can be. Where animal work may be prohibited or minimized in laboratories, the overall program space 
may need to be 25% larger (i.e., 12.5%–25% of the GSF) to account for additional procedural space. 
Space requirements also may be projected based on factors such as the number of investigators multi-
plied by the average GSF or NSF used per principal investigator (PI) at the institution or, for mice, using 
the average number of mouse cages per investigator and projecting for about one mouse cage per NASF. 
Overall space and its allocation may be mitigated by special programs or requirements, such as a trans-
genic mouse facility, a behavioral core, a large animal surgery, an infectious disease biocontainment 
suite, a fully contained shower-in barrier, isolation suite labs, imaging facilities, a gnotobiology facility 
with isolators, or teaching and classroom space. For example, an MRI unit may have an allocation of 
1500 NASF per device. When using the ROM approach, it is best to use multiple methods to project the 
facility size. If the results are concordant, this should be reassuring that forecasting is on the right track. 
Where there is divergence, the situation should be analyzed further.

Room Detail Sheets

The room detail sheet is an import planning and design tool used by many architects and planners to docu-
ment the requirements of each individual space in the facility. It can also be used as a facility manage-
ment tool, informing the team of the parameters around which each space is designed (Figure 18.7). As a 
facility manager, the input to and the review of these data sheets is important to ensure that the individual 
spaces will meet their intended function. The data should include everything that is required of the space, 
including the size, the environmental requirements, the required utilities, the finishes, and the equipment 
that is to be included. Equipment should include not only the built-in features, but also the removable 

Program
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Mechanical
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0%–3%
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8%–12%

Stairways/
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0%–5%

FIGURE 18.6 Illustration of the typical distribution of space between that which is programmable and the other types of 
structural and support features.
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Facility name: Date:
Room name:

Utilization
Hours of use Temperature

Humidity Dimmer Portable hot water (HW)

Lighting type: Laboratory natural gas (G)
Mechanical Electrical Plumbing

Hours of operation Lighting level at 750 mm AFF Laboratory vacuum (V)
Days per week Other: General lighting level Laboratory air (A)

Produced by:
Contact:

Detailed room requirements

Architectural Winter 30%±10% Timer Portable cold water (CW)
Function Summer 50%±10% Safe light High purity water
Min. floor area Range Nightlight Lab animal watering
Fire rating

Adjacencies

Uncontrolled

Min. air charges/hr.

Zoned lighting Nitrogen gas (N2)
Sound transmission coefficient Quality Special lighting

Standby lighting Special gas
Carbon dioxide (CO2)

Primary Occupied Standby power Cylinder gases
Secondary Unoccupied UPS Inert

Floor finish 100% cubicle air Receptacles Flammable
Partitions
Crash rails
Base
Ceiling

Height
Varmin control
Interior borrowed light
Door 1

Primary leaf size

Primary leaf size

Secondary leaf size

Secondary leaf size

Door material

Door material

Frame material

Frame material

Rating

Rating

Vision panel

Vision panel

Access control

Access control

Lock type

Lock type

Door jamb protection

Door jamb protection

Door 2

Interlocked

Recirculated air
Directional airflow
Air supply
Air exhaust
HEPA filtration/supply
HEPA filtration/exhaust
Clean room class
Rough-in filter
Mech noise criteria (NC)
Low slotted exhaust
Heat generating equip.

Clean steam
Steam/condensate return
Chilled water (CHW S/R)
Other:

Special equip. outlet
(See notes below if checked)

Communications:
Telephone
Data
Intercom
TV outlet
Speakers

Special equipment

Tools
Sinks

Cap (100×180×155)
Hand (230×300×150)
Medium (350×400×150)
Large (400×550×250)
Service (400×700×250)
Wall sink

Floor drain (FD)
Floor sink (FS)
Safety shower/eyewash
Drench hose (DH)
Hose bibb
Hot/cold wash down
Other:

Base cabinets
Wall cabinets
Standing countertop
Seabed countertop
Open shelving
Tech station
Cart/storage
Tall glassware case
Reagent rack
Special needs (identify)

Casework (linear mm) Security/monitor

Fire protection

Information database system
Badge reader
Special monitoring
Alarm/strobe
Panic button
Standby power
Camera
Other:

Chemicals Other:
Bases
Acids
Solvents
Carcinogens/regulated

Sprinkle system
Extinguisher
Fire alarm:

Horn
Strobe

Special construction
Floor loading
Load shielding
Acoustical
Other (note)

Lab equipment characteristics
Floor vibration criteria
Light sensitive
Concentrated loading
Vibration producingAudio/visual

Overhead projector
Projection screen
Video monitors
Smart walls/devices

Heat producing
Noise producing
Animal species
Number of cages

Storage misc. (linear mm)
Bookcases
Tack board
Chalk/marker board
Lockers/cubicles
Lab cost hacks

Hazardous storage
Flammable
Chemical
Radioisotope storage
Biological storage
Controlled substances
Safety closet
Other:

Hoods
Chemical fume hood
Radioisotope hood
Perchloric hood
Distillation hood
Walk-in hood
Laminar flow hood
Canopy hood
Snorkel
Low slotted exhaust
Biological safety cabinet

Type:
Type:

Type:
Special enclosures

Size Services (see plumbing) Count Notes and remarks

FIGURE 18.7 Room detail sheet example.
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equipment, such as caging systems, cage change equipment, food and trash receptacles, and any other 
components that could impact the proper circulation, access, and operational protocols. These data sheets 
should be reviewed and approved by all stakeholders prior to the start of the actual facility design. A help-
ful asset in addressing room detail sheets from the institutional perspective is for the institution to have 
predefined all applicable design, construction, materials, and equipment performance standards required. 
It is ideal for the institution to have established standards for such items as architectural features, MEP, 
environmental control, monitoring and alarms, communication, security, animal drinking water (ADW), 
acoustics, life safety, and emergency power. Specifications should be clear down to the level of items 
installed or mounted in various spaces, including case work, drains, implement hangers, and even hand 
soap and paper towel dispensers. These standards can then be compared with the content of the room 
detail sheet. This is often presented as a checklist of choices for each specific type of space (e.g., cage 
wash, four-rack room, or pen room), and the appropriate selections and entries can then be accomplished.

Architecture

The architecture of the vivarium includes many components, from the exterior design of the building to 
the selection of appropriate finishes for all the interiors. Generally, these are comprised of floors, walls, 
ceilings, doors, penetrations, and appurtenances. It is important to select an architect who has significant 
experience in the design and planning of vivarium facilities, as they are very complex, and only through 
experiences and lessons learned can the architect successfully complete your facility. Animal facilities are 
typically not built as stand-alone facilities, but are usually part of a larger, research-focused facility. The 
intermixing of multiple functions with differing criteria poses many challenges to the successful design. 
Everything from the column bay spacing and corridor widths to the MEP systems needs to be carefully 
integrated to ensure that they support all the functions required in a given facility. The actual building 
design should be reviewed for compliance with the room data sheets, accessibility to loading functions, 
accessibility to the research laboratories, and other collaborative functions. In a multistory facility, the 
vertical circulation can have a major impact on the facilities operation, and the location of stairwells 
versus service and passenger elevators is critical for both operational requirements and security control 
(see the “Security Systems” section for more specific information). In multiuse facilities, the vivarium is 
often designed as a stand-alone component within the facility due to the specialized nature of this type of 
space. Dedicated HVAC, plumbing, and electrical systems are often included to isolate the vivarium and 
allow it to operate on different schedules from the rest of the facility. The shape of the building must also 
be considered in that many contemporary designs involve curves, complex exterior designs, and unusual 
angles. The efficiency of the animal facility can be greatly impacted, as the typical rooms and individual 
spaces and their associated equipment require simpler, rectilinear spaces to function properly.

Mechanical Systems

The mechanical systems are typically one of the most important components of any animal facility and 
generally the single largest component of the construction costs. These systems must be sufficiently robust 
to support continuous operations over many years without shutdown or failure. Only high-performance 
HVAC should be considered. The two main components of the HVAC system are its supply air side and 
exhaust air side. Both supply and exhaust sides should have 100% redundancy (backup units of sufficient 
size for both supply and exhaust) built in. The supply air side must provide adequate conditioned air to 
meet the loads of every space, within the tolerances established by the design requirements. The loads 
that are included in determining the volume and temperature of the supply air include internal heat loads 
generated by the occupants of the space, both human and animal loads, the heat generated by the lighting 
system, and the equipment within the room.

Two delivery methods are available to furnish the supply and exhaust air systems. One is a constant 
volume (CV) system that, as its name implies, provides a constant, fixed rate of both supply and exhaust 
air based on the loads described above. The room pressure or directional airflow is established by a 
fixed differential between the supply and exhaust air systems. The other approach is a variable air vol-
ume (VAV) system that uses a series of automatic dampers, variable-speed fans, and digital controls to 
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modulate both the supply and exhaust air systems to respond to changes in the space. Examples would be 
fume hoods or other exhaust devices cycling on and off. The CV system is less costly and easier to main-
tain, while the variable volume system provides more accurate control of the space and saves energy, but 
requires higher levels of sophisticated controls. In addition, spaces located along an exterior wall will 
need to include thermal loads created by the external environment. The total heating and cooling loads 
are a major component in sizing the HVAC systems; however, other requirements may generate loads 
that exceed all thermal loads. These could include institutional standards for minimum ventilation rates 
established for specific operations. These ventilation loads are typically measured in air changes per 
hour, and are typically established by the institution and the regulatory guidelines outlined elsewhere in 
this chapter. The established or required ventilation rates can, and typically do, exceed the internal heat 
loads, and then become the driver for sizing the HVAC systems.

In some specialized facilities, a third component can add additional requirements to the sizing of the 
HVAC system, and that is the exhaust requirements of operational and/or research equipment. Fume 
hoods, ducted biological safety cabinets, and specialized research tools can require ventilation rates that 
exceed the other two components of the loads on any given space. The HVAC engineer must calculate 
each of these components, and it is the largest of the three that will finally size the HVAC system.

It is considered a best practice to require these systems to use 100% of outside air, prohibiting the recir-
culation of air from one space to another. This practice greatly increases the size and loads on the mechani-
cal equipment, as outside air temperatures can range from well below 0° to well over 100°. It is important 
for the facility management to understand the loads and which component is the driver for the system 
sizing because over time, changes within the individual spaces will occur and reanalysis of the system’s 
capacity must be completed. It is a common approach in a multiuse facility to have dedicated HVAC equip-
ment for the vivarium component due to the continuous operational requirements, and the more stringent 
environmental conditions that are required to be maintained. The location and accessibility of the HVAC 
systems is critical to allow for proper maintenance, repair, and eventual replacement of the equipment.

The exhaust air side of the HVAC systems is an integral part of the overall systems and is used to 
remove thermal loads, odors, and fumes from the facility, and to provide the required ventilation rates. 
Every room or space should be served with an exhaust component, which, in addition to removing odors, 
heat load, and airborne contaminants, works in concert with the supply side to provide differential air 
pressure between any adjacent spaces and from the building to the exterior environment. Downdraft 
tables, ducted biosafety cabinets, and fume hoods should also be considered part of the exhaust system. 
This differential pressure is created by the difference between the supply air volume and the exhaust air 
volume; the greater the difference between these two, the greater the pressure differential will be. This 
differential is critical because it dictates the “directional airflow” between two adjacent spaces, creating 
either positive or negative pressurized spaces. This directional airflow is used to move air from the clean-
est spaces to the dirtier spaces in the building and between the building and the exterior environment. 
In general, the building itself should be positive to the exterior environment to prevent the intrusion of 
outside air, moisture, and airborne contaminants. Individual rooms can be either positively or negatively 
pressurized based on their function and the requirements for room air cleanliness. For example, an oper-
ating room would be positively pressurized to reduce incoming contaminants, while typical quarantine 
holding rooms would be negatively pressurized to prevent pathogens from permeating the rest of the 
facility. It is a critical component of the room detail sheets to document the requirements of each space, 
including a requirement for being either positively or negatively pressurized. It is also important to pro-
vide rooms that are adaptable, that is, moving from being positively pressurized to negatively pressur-
ized. This is achieved by the use of room air valve systems that provide a range of air volumes that can be 
adjusted up or down to change the pressure differential. Obviously, this adaptability comes at a cost, as 
the adjustable valves are more expensive. Most systems use sensors and a feedback mechanism to main-
tain the temperatures and pressures of the air supplied and exhausted. The location of the sensors should 
be such that they are accessible for repair and replacement. For the ARF, it may be worth considering the 
installation of differential airflow sensors with visible indicators in areas where the correct differential is 
critical, such as in operating rooms, quarantine or isolation rooms, and cage wash.

The location of the HVAC and other mechanical equipment must also be considered. This equipment, 
as with all mechanical systems, requires maintenance and access, so clearances around the equipment 
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are important for regular maintenance, repair, and over time, eventual replacement. The location and 
ease of access to the ductwork and room air valve systems should also be considered. Most rooms will 
require regular “air balance” testing to affirm the differential pressures. Accessing the air valve systems 
from a hallway or service corridor is preferable to having service personnel having to access areas 
above the ceiling in an animal room, and with careful planning to prevent overcrowding, this can be 
accomplished. This means considering how much interstitial space between floors is necessary so that 
all supply and exhaust ductwork is accessible for repair and replacement. For some facilities, it may be 
advantageous to consider a large enough interstitial space to allow for full standing height, enabling 
maintenance personnel to access HVAC, IT, and even lighting equipment foregoing the need to enter the 
ARF. The more difficult this equipment is to service, the more likely that regular maintenance will be 
reduced. The large equipment also requires large floor space, and planning of a vivarium must take into 
consideration that more than 40% of the facility will be devoted to support space required to operate 
the facility. In most instances, vivaria are designed to be supplied with 100% outside air systems—no 
recirculation—which requires large volumes of outside air to be brought into the mechanical air han-
dling units (AHUs), so their location in relation to the exterior is important. The intake air grills must 
be located away from external contaminants, such as loading docks, trash areas, other building exhaust 
systems, and other areas where contaminants will be drawn into the AHUs. Conversely, the location 
of the exhaust fan system must also be carefully selected to avoid any reentrainment of the exhaust 
air back into the supply air system of the facility or surrounding facilities. In dense, urban areas, it is 
sometimes required to have a wind–wake analysis performed to understand how the exhaust and supply 
air components are impacted by the local environment, and to verify that the proposed locations of the 
systems do not create reentrainment of exhausted air. Location of the supply and exhaust air within each 
room should also be carefully considered. Refer to the room diagrams and the planned caging to avoid 
having an air supply (draft) directly in line with cages. A position in the middle of the room is generally 
preferred. The location of the exhaust ducts is also critical so that their placement in the room is not later 
blocked by caging or equipment, impeding the airflow. The locations for both the supply air diffusers and 
exhaust grills are critical to maximize the performance of the HVAC systems and ensure that no “dead 
zones” in the rooms are created and that odors and contaminants are removed from all parts of the space.

The preferred arrangement is to supply animal facilities with 100% fresh (i.e., nonrecirculated) air, 
despite the fact that recycled air provides substantial energy savings. Recycled air brings with it the risk 
of accompanying odors, allergens, and airborne pathogen cross-contamination. If air is recirculated 
between spaces, it should not exceed 50% of the supply. Unless a specific risk assessment dictates other-
wise, the air must be recycled strictly to the room of origin after conditioning with activated charcoal and 
subjected to high-efficiency particulate air (HEPA) filtration to remove volatile pollutants and airborne 
particles. Considerable design input is merited in these cases, as the extent and efficiency of filtration 
should be proportional to the estimated risk. Assessment must account for the amount of fresh air nec-
essary to ensure air quality and thermal and humidity requirements of the species, animal population, 
and/or activities in the space. Although the temptation to reduce energy costs is imposing, the reality is 
that the risks associated with recycling air and the costs of maintaining the necessary attendant filtration 
systems may be too great.

Humidification of the outside air may also be considered part of the HVAC equipment and mechanical 
systems. Achieving the Guide’s recommended range of 30%–70% relative humidification for the most 
commonly used laboratory animals can be a serious challenge for some facilities, particularly in some 
locales or during some seasons. Neotropical species of nonhuman primates housed indoors may benefit 
from humidification of air. Humidification systems should be sized so that they can maintain the facility 
at 50% relative humidity during the least humid times of the year based on the locale, taking into account 
the relatively high amounts of air changes per hour that occur in a vivarium. This should allow the ARF 
to maintain relative humidity within the recommended range throughout the year.

Plumbing Systems

The plumbing systems include not only the potable water and sanitary drainage systems required for an 
ARF, but also all the specialty piping systems, including ADW systems and the specialty gases used to 
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support the research. These gases can include natural gas, compressed air, vacuum, and other specialty 
gases. (Refer to the “Special Utilities” section for more detail.)

Incoming water can be treated by a variety of different means. Sand bed filters can be used for remov-
ing particulates. Charcoal filters can be used to remove chemicals, although they do require regular 
maintenance. Reverse osmosis (RO) filters remove many types of particulates and ions from the water, 
but again require regular maintenance. Deionized (DI) water has almost all the minerals removed from 
the water. Ultraviolet (UV) light may also be used in a supplement to filtration to disinfect water by kill-
ing bacteria. UV bulbs must be periodically changed, as they lose their “kill” effectiveness over time. 
Water softeners may be useful in reducing scale buildup if the source water is hard (i.e., high in calcium 
or magnesium cations). Consideration should be given to the order in which the various components are 
employed; for example, water softeners that add salts will not be beneficial if installed upstream of an 
RO filter. Source water should be checked throughout the year, as seasonal shifts may occur (e.g., higher 
salt content in winter months and higher cold water temperatures in summer months).

Domestic hot water should be available for hand sinks, slop sinks, hose connections, scrub sinks, 
kitchenettes, and showers, generally supplied at ~110°F. Domestic cold water should be available for 
all the same functions, to also include eyewash stations and safety showers, at whatever temperature 
the municipality, or well, supplies. Chilled water lines (40°F–50°F) may be used in the HVAC system 
or required for some steam sterilizers to operate properly if the domestic cold water is not cold enough 
for vacuum pumps to achieve enough vacuum. This would be a consideration in areas with generally 
high year-round temperatures or if the piping insulation is insufficient. “Laboratory” hot water (>140°F) 
should be available to operate cage washers to avoid causing undo strain on the equipment.

The design of the sanitary drainage system in animal housing rooms is generally based on the animal 
species to be housed in the room. However, if adaptability is a critical requirement of the facility, the 
drainage system should be designed to support a variety of species. Rooms supporting larger animals are 
designed for “wash-down” procedures, and typically require continuous trench drains running the length 
of the room. The floors are sloped, to quickly remove the water used in hosing down the room. In rooms 
that are dedicated to rodents or if flexibility is not required, a small floor drain, located under a hand 
sink, should be considered, but even here, it may not be required. In considering drains, keep in mind 
that it is overall vastly less expensive to install them as a component of the original construction and cap 
them when in disuse than to undergo an expensive and disruptive renovation or retrofit later. Consider a 
trap or garbage disposal unit for each drain line where large animals may be housed. Drain lines in an 
ARF will get clogged, so clean-outs should be accessible.

The cage processing areas, often the spaces with the largest plumbing requirements, must be carefully 
designed to support all aspects of the cage processing (washing) functions, from initial wash-down of 
heavily soiled cages and equipment to the final sanitization cycles. Large cage washing equipment often 
requires pits in order for caging systems to be rolled directly into the washers without requiring ramps. 
Once located, this equipment is difficult and expensive to relocate, so careful planning, ideally based on 
process flow diagrams, must be implemented. The sizing of water lines to meet all the dynamic pressure 
and flow requirements for cage washing equipment is also important, as is the need for adequate hot 
water supplies. Booster water heaters may also be required to provide 180° water to the equipment. These 
booster heaters can be integrated with the equipment or can be furnished as part of the building infrastruc-
ture. Sanitary waste piping must also be sized to adequately remove large quantities of water released in 
short periods of time without backing up, and the building plumbing engineer must select the appropriate 
drain system. Drainpipes should be at least 4 inches (10.2 cm) in diameter proceeding from the animal 
facility sources to the municipal main sewer line. Larger diameters (>6 inches) of pipe, however, should 
be considered, as they promote greater flexibility in the use and adaptation to a wide range of activities 
(ILAR 2011). Consider the municipality’s requirements with regard to discharge water (temperature, anti-
biotics, pH, and contaminants) and whether a system may be needed to meet the discharge requirements.

The ADW system is one of the most critical systems in the ARF. The first decision that must be made 
in developing this system is determining the type and quality of the drinking water to be delivered to the 
animals. The Guide and other ARF operational recommendations typically require that clean, potable 
water be provided. However, each veterinary team can and must determine the type and quality of water 
to be used from the many options available. RO water is one common type of water used in the ARF. 
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Other options and upgrades to the basic water are available and can be applied to potable or RO water. 
Dechlorinated, hyperchlorinated, acidified, and other treatments can be selected, some based on special-
ized animal needs, but more often the selection is based on the experience of the veterinarian team. The 
researchers can also participate in the selection of the type and quality of the drinking water system.

Once the type and quality of the drinking water to be used are selected, the method of distributing that 
water to the animals must be determined. The two approaches are an automated distribution system that 
delivers the drinking water directly to the animal cages and one that employs the use of individual water 
bottles that are installed in the cages. Within the last 10–15 years, the automated delivery of drinking 
water, often called autowatering, has become more widely used for many reasons. These include

• Reduced labor costs associated with the use of water bottles

• Belief that this system delivers a more consistent quality of water

• Autowatering provides a continuous fresh supply

• Water bottles provide a limited supply

Most autowatering manufacturers “design and install” their system. These systems require space for 
the pumps, and possibly chlorination or acidification systems. They also require access to a drain (i.e., 
function specific, sink, or floor) for periodic system flushes. There are several reasons why water bottles 
can be seen as the best option, and these include

• Elimination of the possibility that the automated water distribution systems could run continu-
ously and flood the cage

• Elimination of the possibility of system error causing a failure to provide water

• Medications or other materials cannot be delivered to the animals with an automated system

Delivering drinking water through water bottles requires equipment to process and clean or sanitize 
the bottles and additional equipment to fill the individual bottles. New systems that upgrade the tradi-
tional water bottle include a disposable or one-use pouch or sack system that eliminates the need to wash 
and sanitize reusable bottles. However, these one-use products still require labor to fill and deliver to 
the cages. The autowatering system is not maintenance or labor-free, as the sipper tube inside the cage 
must be cleaned and serviced on a regular basis. The building distribution system must be maintained 
to prevent the buildup of biological contaminants inside the piping. The ADW should be monitored for 
quality on a daily basis, and the watering manifolds on each rack should be sanitized and flushed each 
time they are rotated, or more frequently for rats and mice, as they do not drink that much water. Further 
details on watering systems may be found in Chapter 28.

Special Utilities

The special utilities for an ARF can vary, depending on the types of animals to be housed and the equip-
ment to be used, but more importantly, on the types of research and procedures that must be accommodated. 
Steam is often provided by boilers serving the entire building or may come from a central plant facility 
serving many buildings. The quantity and quality of the steam required to meet all the requirements within 
the ARF must be reviewed to determine the best approach in supplying steam to the ARF. The quality of 
the steam supplied from central plants or even building-specific boiler systems must be reviewed, as the 
chemicals used in many systems to prevent corrosion of the piping can impact ARF processes, including 
potential damage to certain thermoplastics and the buildup of scale on cages and equipment. In addition, 
many systems require a period of shutdown for maintenance, which is typically not acceptable in the ARF. 
It is not uncommon for the ARF to have a stand-alone boiler system to control the quality and availability 
of this critical system. Steam traps should be properly installed to remove condensate from the steam lines. 
Most cage washers and autoclaves need to be plumbed to a condensate line or condensate return system.

The majority of special utilities can operate from portable gas cylinders or compressors, or they can be 
plumbed into the facility. If the facility will be plumbed for any of the gases, consider the location of the 
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bulk tanks and how easy it will be to have them refilled. Portable gas cylinders may require special stor-
age and handling (CFR, Title 29, Section 1910.101) depending on the locality. If any gases are plumbed, 
the type of wall fitting used should match the existing or planned equipment. Several different types of 
connections and fittings (e.g., Chemetron and Ohmeda) are available for the different gases; which type 
should be specified during the design phase.

• Carbon dioxide: Carbon dioxide (CO2) is used in most facilities, whether it is for euthanasia 
or the operation of incubators. Having centrally plumbed CO2 in specific areas can minimize 
the need for portable cylinders, although a portable units should still be available. A dynamic 
pressure of approximately 50 psi is suitable for most facilities. Consideration should be given to 
automated monitoring of tank farms to prevent complete exhaustion of the inventory, particu-
larly in the middle of a procedure.

• Compressed air: Compressed air is used to operate pneumatic devices, commonly found on 
washers and sterilizers. Compressed air should be supplied so that it is clean and dry. Portable 
air compressors are available if the facility is not plumbed to supply compressed air, although 
there is an additional noise factor to consider, along with ensuring that the air being supplied is 
of high enough quality (i.e., oil-free and dry). Dynamic supply is typically 80–120 psi so that it 
can be downregulated as needed for specific applications.

• Natural gas: In a vivarium, natural gas is often used to operate Bunsen burners and may be 
plumbed to laboratory or procedure areas or directly to biological safety cabinets, although this 
latter arrangement is often discouraged by safety experts. The dynamic pressure may range 
from 0.25 to 2.00 psi.

• Nitrogen: Nitrogen is typically used to operate surgical equipment. A dynamic pressure of 
~175 psi can be downregulated at the point of use as required.

• Medical air: Medical air may be needed for certain respiratory applications, either for patients 
or for medical devices. Typically maintained at ~55 psi, medical air is subject to specific regula-
tions (NFPA 2015).

• Nitrous oxide: Nitrous oxide is typically supplied to surgical suites for use as an anesthetic. It 
will typically be in a portable tank with dynamic pressures at ~50 psi.

• Oxygen: Oxygen is used primarily in surgical suites or locations where patients may require 
supplemental oxygen. A dynamic pressure of ~55 psi can be downregulated at the point of use 
as required.

• Vacuum: Medical vacuum can be used to eliminate waste anesthetic gas (WAG) from the 
immediate environment. Medical vacuum can also be used to provide suction through suc-
tion canisters that contain any aspirate and may filter the vacuumed air. Portable suction units 
with compressors are available if the facility is not plumbed for suction, although there is an 
additional noise factor to consider with the compressor-driven units. A continuous vacuum of 
~75 kPa should be expected from either plumbed or compressor-driven vacuum lines.

Electrical Systems

All areas should be wired with an anticipation of the maximum amperage draw that will be needed in 
the space. A backup generator, powered by an alternative source (e.g., diesel), should be in place to allow 
at least some functionality within the vivarium during electricity loss. Backup generators should be 
maintained on a regular basis. Animal holding rooms should be wired with “emergency” electrical con-
nections that draw power from a backup generator, with the possible addition of “regular” receptacles. 
It would be ideal to wire animal holding rooms so that the entire room is not on the same circuit, so that 
when a breaker is blown there are some functional outlets and lights in the room. Some individually 
ventilated cage (IVC) systems have supply and exhaust units that sit on top of the rack, so receptacles in 
the ceiling or high up on the walls may be advantageous for cord management. During the design phase, 
consider what connections may be needed in certain areas in the future; for example, a dryer may need a 
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40 A circuit (as opposed to a 20 A circuit for general receptacles) and could require additional electrical 
work after the facility is up and running. Any electrical work requires completed “schedules”; a map of 
what breaker serves each receptacle, light, and device in each electrical box; and a master book for the 
facility, which will be invaluable in the future. Waterproof covers should be used wherever there is a 
chance of a splash hazard. Covered and gasketed electrical receptacles should be used in animal holding 
rooms. Areas where a lot of water is generally present (e.g., cage wash areas and aquatics areas) should 
use weatherproof receptacle covers.

Lighting

Lighting requirements within an ARF should be carefully considered to provide a species-specific envi-
ronment that also meets the research and husbandry needs of the animals and the facility. There are mul-
tiple considerations with regard to lighting, most notably the intensity of the light, spectrum of the light, 
and cycle of the light. Additionally, ultrasound emitted from fluorescent lights may be a confounding fac-
tor for certain types of acoustical, behavioral, breeding, and other types of experiments. Commercially 
available octave band analyzers or bat detectors (Jennings et al. 1998) have proven useful in identifying 
ultrasonic noises and their sources in areas where animals are housed or studied.

The Guide advocates automated control of the lighting cycle and, as a general rule, illumination of 
325 lux measured 1 m from the floor. Most rodent species can thrive at a lower intensity level, in the 
40-lumen vicinity (NASA 1988). Albino strains of rodents may suffer retinal damage when exposed to 
light above 130 lumens (ILAR 2011). When deciding on an operating intensity, the needs of the people 
working with the animals should be balanced against the ideal setting for the animals. It may be useful 
to maintain the light intensity in the room at a level comfortable for the species, but with some lights that 
can be turned on via a timer to accommodate the needs of the people working in the room. Red lights, in 
a range not visible to rodents, can provide enough light for people to work in a room while maintaining 
a dark cycle for the rodents. Night vision goggles may also prove useful when working with any species 
during a “dark” cycle.

Spectrum of illumination may be important for certain species under unique circumstances. With sun-
light exposure, cholesterol is converted to vitamin D3 in the ultraviolet B (UVB)–exposed skin. However, 
this is addressed for laboratory animals in that diets formulated for them are routinely fortified with vita-
min D3. Providing this is the case, special illumination is not ordinarily required. Animals housed indoors 
and without exposure to natural sunlight, particularly marmosets, tamarins, nursing nonhuman primate 
infants, and poultry, may benefit from a supplemental source of UVB radiation (NRC 2003). In light of 
the continued imprecise understanding of the minimal requirements and safe upper limits of vitamin D3 
in the diet and the effects of certain experimental manipulations on food consumption and nutritive state 
(NRC 2003), some designers and facility managers find it prudent to provide supplemental natural or 
artificial UVB radiation in animal housing areas. This necessitates a design that allows either unimpeded 
exposure to solar radiation, the installation of windows or skylights fabricated with UVB-transparent 
panes, or artificial light sources for room illumination that emit substantial UVB energy at appropriate 
wavelengths (i.e., 290–315 nm) (Ullrey and Bernard 1999). Natural lighting via window or skylight may 
present a security concern and add unneeded research variables with regard to light cycle.

Zebrafish and some other aquatic species seem to thrive more when provided with a dusk–dawn light-
ing cycle (Helfman 1981). Other species may require a light cycle that is constantly adjusted to account 
for their natural rhythm. Ideally, the lighting in an ARF will be easily controlled via electronic means. 
Light cycles should be programmable for each individual room, and the programs easy to adjust as 
needed. Owing to the importance of photoperiod consistency and regularity, and its impact on virtually 
every biological response, light cycle monitoring via a system with a sensor that provides on–off time 
reports, and possibly intensity levels, will be labor saving and help ensure animal well-being and protect 
experiments. Undetected lighting malfunctions arise most commonly from technological failures and 
human activity (i.e., activating lights during the dark cycle). Consequently, the cycling of the photoperiod 
should be nominally monitored using electrical current sensors for each lighting level in each room and/
or with photocell sensors reporting via the building automation software. If manually operated lights 
are to be used in any animal room, the switches should be of a timer type to avoid unnecessary light 
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exposure. Each room should be on an individual circuit (breaker) whenever possible to avoid lighting 
issues with multiple rooms when a problem occurs in one.

Additional considerations are

• Ceiling-mounted surgical lighting may require a mounting plate in the ceiling.

• Light ballasts should have gaskets and be sealed on the room side of the ballast to facilitate 
pest management.

• In high-humidity environments, such as cage wash or aquatics areas, consideration should be 
given to light ballasts that are completely sealed, not just on the room side.

• The type of light ballasts chosen should be weighed with regard to desired functionality and 
how easy it will be to change out the bulbs.

• Emergency lighting powered by a backup system should be of a level to allow people to make 
their way safely through the facility.

IT, Data, and Communication Systems

IT, data, and communication systems are becoming increasingly complex and important to the operation 
and management of modern ARFs. Traditional communication systems include facility-wide intercoms 
and hardwired telephone systems, which are rapidly being replaced with wireless systems, which allow 
for communications within the facility and also connect the ARF to outside communication links. It 
should be noted that wireless systems in the ARF must be more robust than in other types of facilities due 
to the separation of spaces, often with heavy masonry constructions, which reduces the effectiveness of 
the system. Routers and/or additional repeaters are required to reach and service all areas of the ARF and 
must be carefully located. Data systems are also more widely used in the day-to-day management of the 
ARF, documenting daily census counts and health status of the animals and documenting and tracking 
the wide variety of research protocols that are in effect throughout the facility. Researchers, veterinary 
staff, and animal care technicians must all have access to this type of information to ensure that all pro-
cedures, health issues, and other concerns are quickly and efficiently distributed to all those that need it.

A fairly recent development in ARF management is the advent of radio frequency identification (RFI) 
tagging, or the use of electronic markings and telemetry tools and infrastructure to monitor animal census 
counts in “real time.” This allows for immediate monitoring of the animals, and serves to support the col-
lection of per diems as required by most funding agencies. These systems are replacing the requirements 
for paper “cage cards” that have been used to document specific protocols in place for the animals in each 
cage, the frequency and cycles for cage cleaning schedules, and the health status of these animals. This is a 
time-consuming process with many opportunities for errors and is rapidly being replaced by the new RFI 
systems. An expert in this area should be consulted in selecting the best system for each specific facility for 
both the type of system to be employed and the unique installation requirements for the RFI infrastructure.

Access to all the critical data associated with the information required to successfully maintain and 
operate an ARF is important, and the location of computer workstations and access ports is an important 
component in the design process. Typically, workstations are provided for animal care staff, veterinary 
staff, and researchers, outside of the animal areas, where gowning and other personnel protocols are 
reduced. A segregated area for access and input into ARF data systems is often a desired feature in the 
ARF, but data input and access areas immediately adjacent to animal holding rooms and procedure areas 
should be provided to allow for immediate access of daily reports and condition assessments. In addition, 
certain data systems storing critical and/or long-term data should have a backup system located away 
from the ARF in case of lost data due to computer malfunctions or, in the worst case, data systems that 
are destroyed or damaged in a fire or other disaster.

Life Safety Systems

There are numerous regulatory requirements that document the “life safety” requirements for all facili-
ties, both for new construction and for renovated facilities. For the most part, these deal with the safety 

www.ebook3000.com

http://www.ebook3000.org


407Facility Design, Planning, and Renovation

of the human occupants of the facility, and include requirements for exiting a facility in an emergency, 
fire protection, and lighting and emergency communication systems. In the early stages of the design 
process, the type and fire rating of the building structure, separating floors and walls, will be determined 
based on the occupancy of the entire building. Once those have been determined, the specific require-
ments are then set by the regulatory building codes and must be adhered to in the design of the facility. 
Fire separation of exit ways, stairwells, and exit corridors will be determined and then must be main-
tained throughout the life of the facility. The fire rating of these exit ways is an important consideration, 
as any penetrations, including windows and doorways, are limited and require fire ratings equal to that 
required for the exit pathway. These are particularly important to understand during any renovations to 
the facility, as the required exit ways must always be maintained.

Current building regulations typically require sprinkler systems to be installed in all new construc-
tion, and their operation should be understood by the users of the facility, as accidental actuation of a wet 
pipe sprinkler system can cause significant damage to equipment and impact the health of any exposed 
research animals. Sprinkler heads require a certain amount of “clearance” between the ceiling and the 
highest objects in the room, and this should be considered when deciding on ceiling height or the instal-
lation of vertically integrated structures (e.g., shelves). The fire sprinkler system is a component of the 
overall fire protection system, which includes the fire alarms. The fire alarm system includes both audio 
and visual signals that must be located throughout the ARF so that all areas are covered. The ARF poses 
unique challenges to these systems because the sound level of the audio alarms and the flashing lights of 
strobes can have a negative impact on the research animals. There are audio systems available that limit 
the sound levels to those less disturbing to the animals, but these must be reviewed and approved by the 
authorities having jurisdiction (AHJs). The impact of the flashing strobe lights can be mitigated by the 
careful location of the strobes themselves, isolating them away from direct lines of sight into animal 
holding rooms. Again, the design and installation of these critical systems must be approved by the AHJ.

In addition to the building fire rating requirements and the fire protection systems, certain components 
of the facility are required to operate in the case of an emergency. These include lighting systems that 
provide adequate illumination to support safe exiting of the facility and certain communication systems 
that are used by first responders as they enter and evaluate the condition of the facility and search for 
any left-behind occupants. The emergency lighting systems can be battery operated or, more commonly 
in an ARF, powered by the emergency generator that is typically available in many ARFs. It should 
be mentioned here that there is different terminology regarding this topic, which may be important to 
understand. The building codes and fire protection requirements refer to emergency power as a sys-
tem that supports the mandatory life safety systems discussed above. In the ARF, critical systems are 
required to operate due to the nature of the facility and special occupants housed in the facility. Those 
systems are supported by stand-by or backup power, differentiated from emergency power required by 
the building codes. While this can be seen as semantics, it is important to understand the difference. Life 
safety is a mandatory requirement and must be provided for, while critical ARF functions are required 
by best practices and animal use guidelines. Many ARFs combine these requirements and support them 
on the same emergency generator. However, building codes require that these two services be distinct 
and separated by transfer switches and subpanels. In rare instances, it is possible that generator power 
could be limited to those needs for life safety, and other functions may be bypassed. In these and all 
cases of emergency, an emergency or disaster plan should document these differences, locate these criti-
cal switches, and be prepared to implement other strategies, should generator power not be available to 
support critical ARF functions.

Emergency eyewash stations and showers are an OSHA requirement where the eyes or body of any 
person may be exposed to “injurious corrosive materials” (CFR, Title 29, Section 1910.151(c)). The ANSI 
standard uses the definition of hazardous material, which broadens the spectrum to include “compounds 
that have the capability of producing adverse effects on the health and safety of humans” (ANSI 2014). In 
addition, the eyewash stations must be readily available when conducting any work greater than biosafety 
level 1. The placement of safety systems should be such that they are easily accessed in the case of an 
exposure. Both portable and plumbed systems exist. If plumbed systems are used, they should use cold 
(or room temperature) water. Eyewash stations should have covers for the spray jets to prevent dust or dirt 
accumulation, and these covers should be self-removing when the unit is activated.
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Security Systems

Security systems in the ARF are a critical component in the overall operational management of the 
facility, requiring a balance between effectiveness and encumbrance and encompassing a number of pos-
sibilities (Figure 18.8). Institutions typically have specific security requirements for specific functional 
areas, such as an ARF. The overall security of the ARF should protect the animals and research from 
the well-meaning but unauthorized, as well as those that may be ill intentioned. The system capabilities 
should take into consideration any number of noncriminal factors that may result in a breach as related to 
human behavior (e.g., propping doors), HVAC imbalances (e.g., causing doors to fail to close completely), 
power outages, and the consequences of technology (e.g., insufficient IT capacity). As such, expert con-
sultants are often best at assisting with the responsibility of security.

Physical security may include a fence around the perimeter of the facility or institution, keyed doors, 
and security guards. Fences are generally a one-time cost that require minimal upkeep; however, they 
may not be practical for a facility or fit within an institution’s overall image. All access doors into the 
ARF should be covered by some secured device, even if it is a simple keyed lock. Keys are generally 
used as a backup to other access methods, although they may be the primary means for certain restricted 
or less accessed areas. Software programs exist for tracking key numbers, assignments, and access. 
Advanced security devices include punch-code hardware, card reader devices, and even biometric read-
ers that use fingerprints, palm prints, or retinal scans as identifiers for approved entry. Security guards 
are a continuous cost to an ARF, in both space and salaries, so their inclusion in a security plan should 
be carefully considered. Although security guards can be a deterrent, most security guards do not have 
weapons and often act only as a first alert via a phone call to the police or responding authorities.

Electronic security may consist of alarms when an inappropriate entry is attempted, “card” read-
ers, or keypads that require a personnel identification number (PIN). These methods do not always 
allow for individual identification of the user, as keys, cards, and keypad codes can be inappropriately 
shared with an untrained or unauthorized individual. Card keys may also be poorly secured when not 
in use, which creates additional risk for misappropriation. Closed-circuit television (CCTV) or video 
surveillance systems, which transmit to a location with a recorder and monitors, may prove valuable 
for monitoring key areas of an ARF. The use of CCTVs or combined (card and code) systems may 
reduce the amount of “borrowing” that may occur. The deployment of cards that have multipurposes 
or enable access to multiple areas (e.g., facility gymnasium or library) also reduces the risk of lending 
or inadequate security. As the technology improves, biometric (i.e., fingerprint or retinal) scanners are 
slowly becoming more popular because they are specific to an individual. Fingerprint scanners can 

Access control: Card readers
     • Biometrics or a guard are options
Magnetic locks/electric strikes
High-security locks and key controls
Closed-circuit TV (CCTV) with recording capability
Alarm systems
Photoidentification system
Intercoms
Instructional signage
Emergency power

FIGURE 18.8 Pictorial depiction and list of the attributes of a security system.
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prove troublesome in some areas of an ARF, where it may be common to wear gloves when attempting 
to access a particular room.

The design of the security systems should be based on a risk assessment undertaken by the ARF 
leadership, along with the institutional groups that have security responsibilities. Risks associated with 
certain locations or regions, types of research, species on census, past security issues, and any special 
components of the ARF may dictate a heightened security concern. The inclusion of high levels of 
biosecured research and procedures is one example of a programmatic requirement that may drive the 
risk assessment to require higher levels of external and internal security. Locations that have a history of 
protests from the community may also drive the need for more advanced security systems.

It is likely that a combination of physical security and one or more types of secure access systems 
will be required. At the building level, any system put in place should allow for 24/7/365 individual 
identification at all ARF entrances and exits. It is preferable that each room, at least each animal holding 
room, have its own secure entrance requirement. If an electrical system (card reader, biometric scanner, 
or keypad) will be used, it is important to understand how the system works during an electrical failure. 
During an electrical failure, do the doors remain locked or do they fail open, and does this apply to both 
sides of the door? Ideally, the ARF would have the option to allow some doors to fail open, and some 
doors to fail closed. Any door that fails closed should have the means to be opened from the inside. At a 
minimum, the ARF staff should have control of, or be able to monitor, the systems allowing access to the 
individual animal rooms. It is helpful for the ARF staff to have access to the entry logs from electronic 
systems and videos from CCTV when resolving procedural, not security, concerns.

Commissioning and Validation

Commissioning and validation are practices, procedures, and protocols that are implemented to sup-
port an overall QC and quality assurance (QA) program. The commission process starts with a review 
of the BOD report prepared early in the planning and design phases that documents all the critical and 
required operational and programmatic requirements of the facility. These include all environmental 
parameters that must be maintained, the levels of flexibility that are expected, the capacities and spe-
cies of animals that are projected to be housed, the hours of operation, and all other critical elements of 
the facility that are required to be met for the ARF to be successful. The commissioning process then 
includes visual observations, physical testing, and measuring to verify that all the required parameters 
are met. The commissioning process is typically performed by independent firms that specialize in this 
process to provide an independent review and testing of the required systems. These firms should also 
exhibit significant experience in the commissioning of ARF, to ensure a deep understanding of the spe-
cialized needs of these facilities. Many of these tests typically occur toward the end of the construction 
phase; however, there are many benefits of bringing the commissioning team on board early to provide 
“constructability” reviews during the various design phases of the project. These reviews can recognize 
design and engineering issues prior to the start of construction, when changes to the design documents 
are more difficult, and raise the overall quality of the ARF. The final commissioning report can also 
serve as a valuable, long-term management tool, in that it documents both the design requirements and 
the capabilities of the constructed systems, which can be invaluable during future renovation projects. 
Design reviews will also verify that equipment and/or systems are specified to meet the requirements 
of recognized industry standards, such as Underwriters Laboratories (UL), ANSI, American Society of 
Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE), and Factory Mutual (FM).

Validation and commissioning are often terms used interchangeably; however, they can have signifi-
cantly different requirements and procedures. The term validation is used extensively in the pharma-
ceutical and other highly process-driven industries, and is heavily used in testing the quality of process 
equipment. A typical validation process includes three components: the installation qualifications (IQs), 
the operational qualifications (OQs), and the performance qualifications (PQs). IQ begins at the time of 
selection of equipment and systems and concludes at installation, where evaluation demonstrates that 
assembly and installation have been done to specification and where all supporting services, such as utili-
ties, are provided and properly connected. The OQ component reviews and documents that the system 
and/or equipment operates correctly and delivers the technical requirements and capacities that it was 
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designed and engineered for. Finally, the PQ component reviews and documents how the system and/or 
equipment works and delivers the capacities and technical requirements, when combined in an overall 
system. An example of this process follows: An AHU is selected to provide heat and cooling to a variety 
of spaces. The IQ component would include the review of the manufacturer’s technical data and other 
documents to ensure that the selected unit is appropriate for its intended purpose. The OQ component 
would include the testing of the AHU, once it is installed. It would be tested to confirm that the volume 
and temperature of the supplied air are aligned with the design requirements. The PQ component, the 
final step in the process, will measure and test that the rooms that the AHU serves, as part of the overall 
HVAC system, actually maintain the environmental parameters that the system was designed to achieve.

The validation process can be seen as a detailed component of an overall commissioning and QC and 
QA program. These processes are typically applied to all critical ARF systems and can include HVAC 
systems; exhaust systems, including fume hoods and biological safety cabinets; lighting systems; emer-
gency power systems; plumbing systems; and equipment, including cage processing devices and auto-
claves. The fume hoods and biological safety cabinets are required to have additional testing, as they are 
required by regulatory agencies to be certified that they perform as designed and installed. These devices 
require annual certification to ensure that they continue to perform as required.

Some aspects of validation are best delegated to the animal resources program, or at least involve it. 
A well-established example is the completion of the punch list, the list of owner-identified tasks, repairs, 
and small details that must be attended to as the facility nears completion to satisfy the terms of the 
construction project. Beyond a mere checklist of the acceptability of architectural features and finishes 
and major components of MEP, validation should also include demonstration of the proper function of 
electrical outlets, drains, lighting intensity and control, and hot and cold water at faucets; intactness of 
the drinking water distribution system; environmental monitoring, including simulating alarm condi-
tions; and emergency power.

Sustainable Design

Sustainable design typically refers to the utilization of nonrenewable resources and design, and engi-
neering and operational solutions that minimize the use of those nonrenewable resources. To these cat-
egories need to be added design, engineering, and operational solutions that can be maintained with the 
available expertise when the facility is occupied and operating. Designing with the use of “appropriate 
technologies” is crucial to the long-term operation and maintenance of these demanding facilities. The 
focal points of sustainability when it comes to the ARF are energy and water conservation and efficiency, 
waste and disposal cost reduction, efficient use of materials and resources in construction, recycling and 
increased use of products with recycled content, and interior improvements leading to increased produc-
tivity. Energy usage in these facilities is high, as they are required to operate 24/7/365 and to maintain 
fairly stringent and reliably consistent environmental conditions.

Generally, when it comes to being “green,” the focus is on equipment, particularly with respect to 
energy savings and water use minimization, and how design can facilitate processes that preserve energy 
and resources and reduce waste. One way to best ensure sustainability is to aspire to the Leadership in 
Energy and Environmental Design (LEED) program standards established by the U.S. Green Building 
Council (USGBC), which also includes a commissioning obligation and ensures that buildings incorpo-
rate sustainability and operate as efficiently as possible. In design, whole-building software enables the 
simulation of conditions and analysis of assumptions that maximize attributes of sustainability before 
the permanency of bricks and mortar. At the level of the ARF, the specific technologies that promote 
sustainability are dry heat sterilizers (instead of autoclaves), washers and autoclaves that conserve water, 
recirculating drinking water systems instead of single-pass flushing, means to capture and reuse gray 
water, processing biowaste via rotoclaves or alkaline hydrolysis digesters instead of by incineration or to 
landfill, and the use of IVC systems for rodents. The latter allow for room air quality to be maintained with 
reduced air changes per hour through rooms not only by reducing energy usage, and the resultant reduced 
utility costs, but also by lowering the amount and capacities of air handling equipment and its related capi-
tal equipment costs (Geertsema and Lindsell 2015). A design that allows air to pass through the IVC and 
then into the building exhaust system saves the cost of reconditioning that room air by removing motor 
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and animal BTUs from the environment, and with the additional benefit of ducting odors and allergens 
out and promoting workplace comfort. The use of IVCs oftentimes allows for extending the cage change 
interval from 7 to 14 days (or more, depending up circumstances), which affords a substantial reduction 
in the energy required for washers, autoclaves, and steam production; in the water used for washing and 
steam; and in cage wash detergents and chemicals, and results in a longer useful cage life.

While ARFs operate with requirements for precise and unwavering control of the environment, there 
are gains that can be had in realms that ordinarily cannot be varied, such as lighting. For example, when 
illumination in intermittent use, nonanimal areas, such as storage and corridors, is controlled by occu-
pancy sensors, energy use can be reduced without affecting experiments. Likewise, provisions can be 
designed and implemented for controls to enable the ventilation rates and precision of temperature con-
trol of unoccupied sites to be reduced either manually or via occupancy (CO2) sensors. Another means to 
reduce the carbon footprint is through the composting of soiled animal bedding. This practice is wholly 
reliant on a commitment during programming and planning to material handling, traffic, and waste 
management features, such as dedicated dumpsters, their loading and access, the equipment, and/or the 
procedures used to convey waste. It is also dependent on local regulations with respect to the pretreat-
ment of waste generated from animal care activities. In some cases, much of what can be accomplished 
will be outside the animal facility or behind the scenes in the form of key infrastructure, building-wide 
MEP, insulation, condenser operations, boiler economizers, energy-efficient HVAC equipment, and heat 
recovery systems. Some operational parameters can contribute to reducing energy consumption, but can 
also have adverse consequences. This speaks to the value of ARF representation and participation in 
the planning of the whole building, not just the ARF. For example, a zoning approach to facility layout 
may allow access to daylight via windows or other means at office and in nonsensitive support spaces 
associated with the ARF. This sort of implementation, however, may create security vulnerabilities that 
must be considered. Heat can also be conserved and used in heat recovery systems, but if these leak, 
there may be disastrous consequences for odor and allergen dissemination beyond the ARF. The obvious 
dependence of sustainable operations on design reinforces that sustainability is maximized at and around 
project conception, rather than via changes or retrofits made at its conclusion. It is important to note that 
even after implementing all cost-effective energy reduction strategies, the ARF will remain a substantial 
energy consumer. Be that as it may, only the limits of imagination, time, and money and the important 
attribute of timing, in concert with new construction, dictate possible sustainability impacts. Rather than 
wasting water suitable for consumption, might reclaimed water that is mostly clean, but not potable and 
not required to be suitable for drinking, be useful for preliminary rinse cycles of soiled cages? At this 
time, regulations continue to plague in many cases what might be possible.

Adherence to Local Restrictions and Possible Future Restrictions

Responsible research institutions have been properly processing waste generated from research for years. 
This includes such interventions as the inactivation of infectious agents, the sequestering and safe post-
use processing of chemicals and radioactivity, the dispersal by dilution of contaminated air, and the 
neutralization of wastewater from washing equipment. As communities and local governments become 
more sustainability conscious and aware of the public service costs and environmental impacts associ-
ated with research, undoubtedly scientific institutions will come under increasing scrutiny. Several prac-
tices are subject to scrutiny and possible future restriction or abolishment. They include

• The consumption of water and the temperature, impurities, pH, and biochemical oxygen 
demand of wastewater from washing equipment

• The disposal of waste such as soiled bedding via landfill or the sanitary sewer

• The use of incineration as a means of pathological waste destruction

• The disposition of hazards

From the inside, high utility bills paid by the institution might also guide senior leadership in the estab-
lishment of restrictions or programs that change behaviors and practices.
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Ergonomics

Ergonomics is an applied science focused on the study of the relationship of the work environment to 
workers and their use of tools with the goal of maximizing efficiency and safety in the workplace. There 
are many sources of hazard that can be managed with ergonomic sensibility in the ARF (Figure 18.9). 
Integrating ergonomic principles into design, construction, and the selection of equipment pays off 
in the enduring safe and economical operation and use of animal facilities. The critical advocacy for 
this rests with the ergonomics-attuned animal care specialists involved with the project. Failing this 
responsibility risks a final product that does not optimize animal care and research efficiency, may lead 
to increased workers’ compensation costs, and may require premature, expensive corrections to the 
facility.

Optimal ergonomic features of a facility enabled through proficient design are

• Short, flat, and straight distances to move heavy equipment and navigate between key sites, 
including at docks.

• Seamless flooring that combines slip and skid resistance with relative smoothness.

• Doors, openings, and passages of adequate dimension, particularly in challenging areas, such 
as docks and bulk food and bedding storage areas, and with respect to enabling future replace-
ment of large, fixed pieces of equipment.

• Corridors of at least 7-foot width after the application of wall guards and in light of other 
projections.

• Ceilings of 9-foot and sometimes 10-foot height.

• Hoist, overhead, pneumatic, and drag conveyor systems to move bulks materials, such as clean 
and soiled bedding.

• Washing and sterilizing equipment of sufficient capacity to manage the full census and daily 
throughput during normal operating hours.

• Automation ranging from the simple and standard, such as automated ADW systems, cage 
bedding stations integrated into wash lines, hydraulic lifts at docks, and sliding doors, to 

Hazards related to animals
   Trauma
   Allergens
   Zoonoses

Work environment hazards
   Ergonomic (e.g., lifting and slips/falls)
   Machinery related
   Heat, steam, and pressure
   Ionizing radiation
   Flammable materials
   Sharp objects
   Noise
   Light and electromagnetic

Research-related risks
   Diverse and protocol related
   Microbial agents of all types
   Recombinant DNA
   Radioactive agents
   Chemical substances
   Nanoparticles

FIGURE 18.9 (See color insert.) Presentation of various types of safety signage and a list of hazards common to animal 
research facilities.
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the complex and special, such as fully or partly roboticized material handling in cage wash. 
Automation is particularly valuable where a task is accomplished at a high rate or with force.

• Easy access to service utilities and fixtures accomplished outside of animal holding rooms. 
Choosing light fixtures, vented duct covers, and paper towel dispensers that are accessed using 
simple latches, rather than keys, screws, or nuts and bolts, can offer efficiency and safety.

• Ample space for support activities and storage, including PPE and stowing and charging pow-
ered devices, and the collection of contaminated outerwear.

Work areas and stations must be designed, installed, and used in ways that promote linear movements, 
minimize twisting, facilitate short reaches, and are adjustable to enable processes to be completed at a 
height between the shoulders and the waist. Dumpsters are not always appreciated as a workstation, but 
if soiled bedding is hauled manually to a dumpster, the design and transportation of the waste bin and 
the relationship to the bulk receptacle should be ergonomically appropriate.

The common normal practices of using single-pass air handling systems, providing negative differen-
tial airflow for animal housing rooms, ventilating the animal housing and procedure rooms separately 
from laboratory and office spaces, using inward or downward HEPA-filtered airflow workstations, and 
providing surfaces that can be readily washed down all enable allergen and hazard containment and 
management.

Adequate management of temperature, relative humidity, light, noise, and vibration in the work envi-
ronment, alone and in combination, is important to optimize efficiency and prevent worker discomfort, 
fatigue, distraction, and/or injury (Huerkamp et al. 2008). However, this can usually be realized by meet-
ing established guidelines for animal facility design and function (ILAR 2011).

A sound approach as construction begins, particularly for substantial projects, is to require a mockup 
room to be built out to allow for the evaluation of key dimensions and architectural features, such as 
floors and walls, before construction proceeds unencumbered.

Given, in theory, that any technology in the market is available to us all, the differentiating factor in 
productivity and originality between programs comes down to the quality and continuous engagement of 
its people, with the latter highly dependent on workplace safety. Applying the principles of ergonomics 
at the time of facility construction and renovation offers the best opportunity to ensure worker welfare 
and enable premium animal care.

Disaster Planning

Disaster planning is most often thought of as preparing for natural disasters, floods, earthquakes, and 
other natural occurrences. However, two of the most common causes of significant disruption to animal 
care and research are failure of infrastructure (primary and backup utilities, and access and egress 
routes) and shortage of personnel. The former prominently includes major equipment failures, HVAC 
system failures, and power outages. The Guide requires that all vivarium facilities have a disaster plan 
in place covering any system failures, regardless of the cause, natural or man-made. These plans must 
address the procedures that would be implemented should a disaster occur (ILAR 2011). The most criti-
cal component of these plans must be for the health and safety of all staff associated with the facility, 
closely followed by caring for the health and safety of the research animals. With this in mind, the 
disaster resistance of the facility and its ease of maintainability form the foundation of preparedness for 
emergencies and disasters and in the prevention or minimization of any effects. After considering the 
adverse events that arise from natural causes and are indigenous to a location, in design it is then critical 
to assess the vulnerability of each type of animal husbandry system and research dependency, the build-
ing’s automated infrastructure, and the suitability of construction materials. Design and construction 
based on a vulnerability assessment where the adverse consequences of an event are recognized, the 
means to minimize impact are identified, and potential losses are quantified enables disaster resistance 
based on sensible prioritization. Consider the types of animals and their husbandry needs. Rank animal 
care and research units according to their dependence on backup utilities and intensity of care. Species 
that live in controlled environments depend on a reliable source of heating and cooling, and the lack of 
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backup utilities to sustain their environment makes these animals and related research vulnerable to 
disasters. Typical examples of facilities that are susceptible to catastrophic loss include buildings that 
do not meet current standards of construction to withstand likely regional geophysical hazards, such as 
earthquakes, floods, and hurricanes; sites without fire suppression systems; and locations that can only 
be serviced via elevators. Construction standards and materials chosen in light of vulnerabilities enable 
resistance to earthquakes, strong winds, floods, hurricanes, tornados, and fires. It is also important to 
appreciate that not all disaster events begin as a regional cataclysm, but some may start on a small scale 
and/or with a limited scope. For example, the loss of an elevator serving multiple facility floors will have 
increasing impact as time progresses that would be mitigated by budgeting and designing for multiple 
elevators. Where only single fans are in place for air supply and exhaust, there are heightened risks 
of the loss of ventilation or differential airflow, with the latter being especially an issue in association 
with high-containment or exclusion areas. Beyond elevators and ventilation, redundancy must be con-
sidered for drinking water supply, washing and sterilizing, data storage, storage of critical spare parts 
on site, and environmental monitoring. With respect to drinking water, think through how systems will 
be replenished, if necessary, in the event of loss of the municipal water supply. Are there filling stations 
for emergency water, and has the storage of emergency water been considered? Another critical element 
of redundancy through design is in backup generator power and fuel reserves, and the most important 
related decisions are in what to power and what this will cost relative to risk. Minimally, backup power 
should maintain fresh air supply, life safety lighting, and power to ventilated racks and drinking water 
distribution systems. Beyond that, expensive decisions will lie ahead in whether to enable undiminished 
photoperiod maintenance, sustained electrical supply to chillers, certain degrees of heating, and opera-
tion of wash centers. Ideally, chillers should have design features to easily accept water from a tanker. 
Also important in the continuity of operations are water reserves in reservoirs, bottles, or bags and 
stored feed. In some situations in design, there are trade-offs. Ground-floor and low-level locations of 
ARFs may create risks for flooding in the event of a deluge, but also offer fortune in the face of a water 
loss event, as water will settle downward in a building, with the animals among the last to lose supply. 
Multiple entry and egress points increase security challenges, but also afford more opportunities to 
enter or evacuate a damaged structure. In light of the reality that responders will not be permitted to 
enter a damaged structure until it is deemed safe by a qualified engineer, systems and setups, such as 
ventilation and automated watering, must be able to function automatically and independently of human 
involvement for a time. Beyond these attributes, ease of maintenance is another feature of design and 
construction that hardens a facility to the effects of an untoward event. A useful early step in mitigating 
disasters through effective design is to review and identify historical causes of disruption and to consider 
the vulnerabilities of each component of the infrastructure. Identify risks for burst pipes, clogged drains, 
worn wiring, and vulnerable plumbing. Ensure that fire exits can be kept clear, fire hazards are elimi-
nated, and storage capacity is sufficient to prevent hallways from being used. When disaster strikes, what 
were plainly trivial or minor annoyances in function escalate to impede response and recovery efforts. 
If facility conditions are regularly monitored, repaired, and improved, many emergency situations will 
be eliminated and others will have reduced effect. Take, for example, where there are redundant fans 
by design that are each to manage 50% of the ventilation load, but one is broken and the other running 
at 100%. When that second fan malfunctions in the middle of a summer heat wave, an emergency will 
likely ensue. The same can be true for compressors, steam, and other mechanical components of the 
facility. It is in the elimination of existing and common causes of everyday disruptions, in combination 
with a proactive preventive maintenance program, that the threshold is increased whereby events may 
lead to major disruptions. This makes the physical plant maintenance personnel and their ability to effi-
ciently do their jobs key contributors to any program of disaster reduction. In the event of an emergency, 
it is critical that they have ease of access so that their efforts may quickly return services back to normal. 
Design that takes into account the use of temporary equipment and a ready inventory of critical spare 
parts is also key in effective intervention by physical plant maintenance experts. Already having a well-
considered and continuously maintained disaster and emergency preparedness plan is an imperative to 
facilitate design and construction through the benefit of the a priori contemplation of cause, effect, and 
response in association with various scenarios. Refer to Chapter 17, where this topic is covered in depth.
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Equipment

Housing Systems

The caging systems that will be used should be identified during the planning phase of the process. If 
at least some existing caging is to be utilized, from a management perspective, it is preferable to use 
the same type throughout the facility. The “caging” systems may include individual cages, tanks, racks, 
pens and runs, enclosures, or even the room. The specific type utilized will be driven primarily by the 
animals being studied. Cages need to be of sufficient size to meet the applicable legal and regulatory 
requirements and should meet those of the Guide. Any caging system used needs to be safe, sanitizable, 
and durable, and allow for the observation of the animals, while promoting species-specific behaviors. 
Some caging systems may be built into the animal holding room, generally when the research protocol 
requirement for a long timeline is well known. An ARF requiring more flexibility may select mobile 
racks or modular pens and runs and enclosures, to allow for their positioning in the most efficient man-
ner possible within the space available. Mobile racks and the largest piece of a modular unit should fit 
through all the doorways (elevators included) leading to and from the cage wash area, including the rack 
washer doors and inside the unit itself. Mobile racks should have wheels and casters that will allow for 
easy maneuvering of a “full” rack even after being washed and autoclaved multiple times, but should not 
be injurious to the flooring system used in the ARF.

There are many manufacturers and styles of both static cages and IVCs for rodents. The initial cost for 
static caging is cheaper, because they are generally placed on a shelf rack that costs far less than an IVC 
rack. Because air is supplied to and exhausted from each cage, the bedding in an IVC unit stays drier and 
ammonia takes longer to accumulate at the cage level, allowing for a longer cage change duration, which 
in turn decreases the labor per cage. Most IVCs, when used with the proper technique, will minimize 
disease transmission within a given rodent colony. Some rodent cage manufacturers now market dispos-
able static cages and IVCs, eliminating the need for a cage processing area and the costly cage washing 
equipment. Disposable caging may require some additional storage area and careful consideration with 
regard to the delivery frequency, how it will be moved within the facility, and the disposal method. The 
utility (e.g., electrical, exhaust, LAN, or Wi-Fi) requirements and thermal load for each rodent rack need 
to be accounted for in the planning stage to ensure that the proper types and number of connections 
are present in each room. IVC racks differ in how they respond during an electrical failure. They may 
become negative to the room, positive to the room, or static. Hermetically sealed IVCs and disposable 
cages have only a limited number of hours during an electrical failure before air quality at the cage level 
becomes a concern, which means a short-term power loss may need to be included in the disaster plan. 
The type of caging that best fits the program needs should be determined and planned for in the design 
process.

Caging systems for larger animals are usually premised on either a “dry” or “wet” system. The type 
of caging system, dry versus wet or a combination of the two, should be determined in the design phase. 
A dry system usually involves regular changing and washing of excreta pans with or without bedding 
or liners. In addition to the labor required for regular changing and cleaning of dry pans, this system 
requires transport to and from the animal holding rooms and storage space for the pans that will be used 
as a change-out. A wet system usually involves cleaning or flushing the excreta pan in situ. Wet systems 
involve more plumbing to flush and drain the system within the room, and could require additional PPE 
if aerosols will be created when cleaning a macaque room. In choosing a caging system, one should also 
consider the means of enrichment for the species; this may include shelves, ledges, or perches built into 
the cage or as part of the run. The ability to introduce a new animal to an existing group in stages should 
also be a part of housing systems for larger species. A means to house more than one animal, while 
allowing for the isolation of a specific individual, will allow for greater flexibility in a group housing 
system.

Special types of caging systems may include those used for enrichment and exercise, continuous infu-
sion, intensive care or recovery, telemetry, and inhalation and metabolic studies. Because of their spe-
cialized functionality, most of these caging systems have a larger footprint than the type of systems 
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regularly used for the species. Enrichment cages that are built into the facility may offer a larger and 
more dynamic space for the animals, possibly doing double duty as a group housing area, but at the cost 
of reducing the housing capacity within the facility. Modular or mobile enrichment cages are also avail-
able, although generally smaller than a built-in cage. They do afford a space allowing for more movement 
and exercise. Intensive care and recovery cages generally require utilities—electricity at a minimum, 
but these could include water and oxygen—to operate as designed. If these cages will be regularly 
used, a specific location should be designed for them, allowing for the extra utility requirements and the 
increased thermal load the cage systems will add to the room. Most telemetry caging and some metabolic 
caging systems will require additional electrical receptacles, possible Wi-Fi or LAN connections, and 
some metabolic cages may require oxygen. Certain research procedures using animals with minimal or 
no immune systems (i.e., germ-free and gnotobiotic animals) require unique caging systems, which often 
require extensive sterilization to maintain animal health status. This can complicate cage processing 
procedures and add significantly to the process loads for the autoclaving equipment. Careful consider-
ation and understanding of these requirements should be undertaken in the initial design and planning of 
a facility to prevent a major bottleneck at the autoclaves.

For most facilities, an ADW system for larger species will be an advantage. Most racking or modular 
systems will accommodate connections to an ADW system, and the ADW equipment that can be used in 
pens or runs is easy to purchase and install as needed. Rooms should be designed to accommodate the 
racks or modular systems that are chosen so that there is adequate space to allow for ancillary equipment 
(i.e., feed bins, medical records, and enrichment equipment). Rooms should also be of sufficient size to 
allow for safe husbandry activities (e.g., cleaning or changing of excreta pans and racks and cages), while 
allowing for researchers to enter the room and work with their animals.

Aquatic Systems

Aquatic systems operate based on two general principles, flow-through or recirculating systems. Within 
a range, most aquatic species can adapt to slow changes in water quality. Aquatic systems will require 
an input of water, which is then purified (e.g., RO) and pushed to a reservoir. The water from the reser-
voir must be salinized and of the appropriate pH before it is pumped to the systems. Water added to any 
aquatics system should be free of chlorine and other compounds and chemicals deleterious to the spe-
cies housed. Water hardness should be considered and addressed through means of conditioning equip-
ment. Maintaining the temperature of an aquatics system is critical to the well-being of the animals. 
Appropriate heaters and/or chillers should be in place to maintain the water temperature. The pumps that 
move the water will add noise and heat to the room and may be better placed in a separate room. Aquatics 
units should be powered from the backup power source.

Flow-through systems push conditioned water through the tanks and then to the drain. These systems 
tend to be more resource-intensive because fresh “conditioned” water is needed on a reoccurring basis 
and this water is not reused. A flow-through system may be less costly with regard to materials and pro-
vide better biosecurity, as the water is not shared among tanks, so the health status in each tank may be 
preserved.

In contrast, recirculating systems use conditioned water at a predetermined rate; only a portion (e.g., 
10%) of the entire system is turned over at a time. Because only a small percentage of the water is 
removed from a recirculating system, this greatly reduces the need for conditioned water. Conversely, 
recirculating systems require more maintenance with regard to the filters (biological, physical, chemi-
cal, and UV) that remove deleterious items from the recirculating water, and because the water is shared 
among all tanks, these systems encourage a “herd” health mentality for the animals housed in them.

Monitoring of appropriate water quality parameters (e.g., temperature, pH, conductivity, total gas pres-
sure (TGP), and flow) should be considered prior to installation. Phone or LAN lines may be needed to 
ensure that remote monitoring or notification capabilities are in place. Depending on the location of the 
aquatics systems and the sensitivity of nearby areas on the same level or the floor below, floor sensors for 
water detection and/or catch basins may help prevent, contain, and minimize water damage to surround-
ing areas in the event of a leak. Automatic sump pumps that periodically run and pump to a drain can also 
help mitigate the risk of potential water damage if any part of an aquatics system ends up leaking.
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Cage Processing

The processing of cages and racks is a costly (e.g., labor, space, equipment, chemicals, and utilities) 
function in an ARF. All facilities typically require some modicum of cage and accessory processing sup-
port. Depending on the needs of the facility, this could be a relatively small space with a cabinet washer 
or could include multiple tunnel and rack washers for larger facilities. If racks, from larger than rodent 
species, will be employed in the facility, a spray-down or pretreatment area should be part of the cage 
washing area. Adequately sized floor drains with traps and accessible clean-outs should be employed 
in any cage processing area, including the pretreatment area. Depending on the municipality’s effluent 
water requirements, it may be beneficial to have chemically treated water from a cage processor pumped 
to a holding tank where the water can be neutralized and tempered (cooled) prior to discharge to the 
sewer. The flooring in the cage processing area should be extremely durable and able to withstand a lot 
of heavy traffic, standing water, and overflowing chemicals, both acidic and alkaline. Walls and ceilings 
should be waterproof and have adequate protection from all the heavy equipment. Cage processing areas 
are generally noisy, so an engineering standard noise abatement should be included in the design plans. 
Supply and exhaust airflow requirements in a cage processing area are generally much higher than those 
in any other location within an ARF because of the heat and moisture associated with the equipment 
and the need to prevent the contamination of clean areas as a consequence of directional airflow. The 
majority of the overall footprint of the cage processing equipment will be in the dirty cage processing 
area, which will drive the total size of the space required. The clean cage processing areas should have 
differential air pressure positive to contiguous areas to minimize the potential contamination of clean 
supplies. The dirty cage processing areas should have negative air pressure relative to their surroundings 
to contain allergens and odors. Given that even clean areas can be a source of odors, careful mapping of 
the entire facility should be undertaken to understand how the airflows impact all areas. Most cage wash-
ers employ a combination of chemicals and heated water to thoroughly sanitize the caging and ancillary 
equipment. An adequate, safe (spill protection, safety showers, etc.) space for the bulk storage of the 
chemicals to be used should be included in the design plans. Bulk chemical storage space will need to 
be accessible to the chemical supplier and within a reasonable range of the cage processing equipment. 
Measuring bulk chemical use may require electrical receptacles, and Ethernet or Wi-Fi availability in 
the chemical storage area.

Prior to purchasing any cage processing equipment, a realistic idea of the maximum number of racks 
and cages to be processed per day should be calculated, so that the appropriately sized cage process-
ing equipment can be procured. The maximum number should be calculated based on projected needs 
when the facility is at full operational capacity, and depending on the projected labor, it would be wise to 
calculate the maximum during a holiday week, or 4-day week. Once the throughput needs are decided, 
the additional requirements of the equipment can be determined. It cannot be overemphasized that the 
calculations need to take into consideration cage changes to be done on a regular schedule, but also the 
spot changing that regularly occurs and that can amount to up to 30% more of the census over the inter-
val between scheduled cage changes.

Tunnel washers can continuously process rodent cage supplies or other items that fit the width of the 
belt and height of the opening. Tunnel washers are composed of prewash, wash, rinse, and final rinse 
sections; on average, each section is 5–8 feet in length. Dryer sections are optional and will generally add 
another 5–8 feet to the length of the machine. This overall length needs to be considered in the room lay-
out of the design phase. Additional space will be required for operators and possibly ancillary equipment 
at the load and unload ends. Newer model tunnel washers have controls for belt speed that can be used 
to increase throughput, providing that adequate decontamination occurs, which will be utility dependent 
to some extent. Some units are designed to deliver “sanitized” cages and require a final 180° final rinse. 
This must be considered when designing the hot water delivery system to ensure that adequate capacity 
is available. With regard to throughput calculations, it may take 10 minutes for an object to travel the 
length of a belt (with dryer) on a low-speed setting, but on a higher setting it may be done in 4 minutes. 
The width of the belt can then be determined based on the throughput needs. Utility requirements will 
vary based on the unit, but steam, condensate return, exhaust connections, hot water, cold water, and 
drains will all need to be available. Some units may require compressed air, from either a house line or 
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a compressor. An Internet connection may allow for remote connection to the equipment, which can be 
useful for off-site troubleshooting and software updates and upgrades.

Rack washers are cycle-based cabinet washers, similar to a dishwasher without a dry cycle. Specific 
racks can be purchased so that rack washers can be used to process rodent caging and pans, in addition 
to washing racks. Rack washer dimensions, length, width, and height, should be considered with regard 
to the largest items that will be washed. A longer rack washer may accommodate multiple racks, which 
can increase throughput. Rack washer cycles are programmed by the end user to accommodate different 
cleaning needs. Cycle times will depend on utilities and dynamic supplies at adequate pressures and tem-
peratures, and will generally be slightly slower the larger the unit because of the increased volumes of 
water to be heated and moved. Cycle times may range from 10 minutes for a fast 180° rinse cycle to more 
than 60 minutes for heavily soiled large animal equipment and under conditions when demand from 
competing consumers of hot water (e.g., rack and tunnel washers running at the same time) slows cycles 
if there is not sufficient hot water. Safety features that are critical to walk-in rack washers to prevent 
operator entrapment are explosion-relief door latches allowing ease of opening from inside the chamber, 
an interior emergency shutoff mechanism accessible from anywhere in the machine, and a lockout capa-
bility where a restart requires deliberate disengagement of the emergency stop. Some units are provided 
with see-through doors that enable visual monitoring of the interior and the cycle. Some manufacturers 
have the capability for the rack washer to be combined with different sterilization methods to turn the 
rack washer cabinet into a liquid sterilization chamber. Rack washers may require a “pit” to sit in so that 
the floor of the rack washer is even with the rooms. The pit will need to be sloped to either a drain or a 
low point where the water can be pumped out. Raised areas, pads, will be required in machine-specific 
locations within a pit. Utility requirements will vary based on the unit, but steam, condensate return, 
an exhaust connection, hot water, cold water, and a drain will all need to be available. Some units may 
require compressed air, from either a house line or a compressor. An Internet connection may allow 
for remote connection to the equipment, which can be useful for off-site troubleshooting and software 
updates and upgrades.

Many cage processing areas include a steam sterilizer, the specifics of which are discussed in the 
“Sanitization, Sterilization, and Decontamination” section. For planning purposes, the footprint of the 
sterilizer should be considered with regard to overall space available and proximity to the cage washing 
equipment and required utilities.

Bedding removal systems and HEPA-filtered cage dumping stations should also be considered when 
designing a cage wash area. HEPA-filtered cage dumping stations help contain allergens and dust. They 
are available from multiple manufacturers and differ little in their functionality but more in their foot-
print and the ergonomics of their use. Most bedding removal systems operate as a vacuum, to remove 
the soiled bedding from the cage or pan. The soiled bedding is then transported directly to a dumpster, 
which is either inside or outside of the facility and regularly emptied. The way the soiled bedding is 
moved to the dumpster can vary by manufacturer and may not be compatible with some bedding types. 
Water-based systems are also available for bedding removal. These units are common in the restaurant 
and cafeteria industry. In these systems, the soiled bedding is run through an industrial-sized garbage 
disposal to grind the pieces to a very fine pulp, which is then pumped in the water over to an auger that 
extracts the bedding. The extracted bedding is then moved to the dumpster, while the water is reused. 
Garbel-type systems, where the bedding is ground, mixed with water, agitated in a vortex, and dumped 
directly into the sanitary sewer system, have been employed in many facilities, but they are losing favor 
due to the high water consumption and impacts on the local treatment plants. Careful review of any bed-
ding removal and waste management system is required to ensure compliance with local regulations.

Bedding dispensers, positioned in the clean cage processing area, can reduce the need to manually add 
bedding to cages or pans, minimizing ergonomic concerns and increasing reproducibility with regard 
to the amount of bedding added. Some units can be connected to the unload end of the tunnel washer so 
that rodent cages remain on the belt, are flipped, and have bedding added, all automatically. Other bed-
ding dispensers can be positioned in the clean cage processing area, as needed, to provide an efficient 
workflow. Bedding dispensers can be adjusted so that different amounts of bedding can be dispensed, 
allowing for cage size variation. There are types of bedding that cannot be effectively used in bedding 
dispensers, and this should be considered when evaluating the need for a unit and the specific products 
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available. Some dispensers can be connected to an automated filling system, which can be located in a 
different area of the facility, eliminating the need for the operators to stop and refill the bedding.

Facilities that do not utilize automated drinking water may want to consider water filling stations. 
These stations are generally located in the clean cage processing area so that water bottles can be refilled 
after they are washed, but there are point-of-use models available. Water bottle filling stations generally 
fill all the bottles in a bottle basket during one cycle and can be adjusted for various sizes and configura-
tions. Other water filling units fill plastic bags or sacks, which can be placed into rodent cages with a 
sipper tube, either already in place or added. The used plastic bags can then be recycled. Water filling 
stations generally require an operator to load and unload. Each unit will also require source water of 
some type, possibly domestic cold or treated water, and 120 VAC; for these reasons, the units are gener-
ally not mobile.

Facilities that do use automated watering should have a means to sanitize the watering manifolds 
attached to the racks and the hoses used for connection to the system. These units may be placed in the 
dirty or clean cage processing area. Rack and hose flush stations allow for the connection of racks or 
hoses for a sanitization cycle. The cycle generally consists of exposure to a chlorine solution, followed 
by a freshwater rinse and then blowing the water out of the hose or manifold using compressed air. The 
need for source water, compressed air, and power will require these stations to be fixed in place, so their 
location should be considered during the design phase.

The ARF will have to decide how clean caging will be prepared and moved to the animal holding 
rooms during the design phase of the process. If rodent caging is to be assembled in the clean cage 
processing area, then sufficient space to allow for the storage of all the clean caging and appropri-
ate assembly locations should be designed. If rodent cages will be assembled at the room level, then 
a smaller staging area where the cages are placed onto flatbeds, racks, or carts for transport should 
be part of the clean cage processing area or located in close proximity. Pans for larger species will 
also require a staging space, as they are placed onto carts or racks for transport to the animal holding 
rooms.

Sanitization, Sterilization, and Decontamination

This section could cover an entire chapter if it addressed every aspect of sanitization, sterilization, and 
decontamination, but instead, the focus is on areas of cage processing and animal holding room sanita-
tion. The definitions of sanitization, sterilization, and decontamination are first required, as they can 
be interpreted very differently and a common understanding is critical. Sanitization is to make sanitary 
(as by cleaning) or to make more acceptable by removing unpleasant or undesired features. Washing 
with soap and water is an example of sanitization. Sterilization is the destruction of all organisms on an 
object by treating it with chemicals or subjecting it to high heat or radiation. It may also refer to proce-
dures that result in infertility. Decontamination (or disinfection) is the process of reducing the number 
of pathogenic organisms on an object to a harmless level. Harmless types or amounts of organisms may 
persist after decontamination procedures. These definitions are similar, but in the ARF, the processes 
that deliver each of these conditions are operationally different, depending on the requirements and the 
items or spaces that are being treated.

In the ARF, the cages and caging systems are the most frequently cleaned components, and even here, 
different applications and measures may be applied. Rodent cages are changed and cleaned on a regular 
basis, typically established by the veterinary and animal care staff, and dependent on the health status 
required, the cleaning process will vary. In some facilities, cleaning and sanitization is achieved through 
normal cage washing equipment that delivers a 180° pasteurizing final rinse cycle. The exposure to this 
temperature water for a certain duration, in many instances, is considered to deliver a sanitized cage 
that is acceptable for reuse. In barrier facilities, populated with immune-suppressed animals requiring a 
higher health status, cages are often sterilized by the use of autoclaves or through the use of dry heat. In 
the ARF, this is typically the highest level of cleanliness required. The choice of sanitization through hot 
water exposure or sterilization through a second step is elected by the veterinary and animal care staff, 
with input from the researchers whose animals may be required to have a higher level of protection to 
maintain a certain health status.
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In the ARF, the term decontamination, as it applies to animal cages, usually implies the need to remove 
harmful pathogens, and the autoclaving process is typically the method of choice. For larger cages or cag-
ing systems that are not portable or do not easily lend themselves to be put through a cage processing system 
and autoclaving, decontamination is achieved through the use of chemical or gaseous materials that are 
known to be effective, while leaving no residue that could be harmful to the animals after cleaning.

Steam sterilizers use a combination of steam, pressure, and time to sterilize. They often have rein-
forced external “jackets” around the chamber to withstand the pressure differentials. This extra rein-
forcement requires more space and, in larger units, adds considerable weight, such that their location 
should be planned in advance to account for the overall weight. Benchtop steam sterilizers are available 
for the sterilization of surgical instruments or other small items. The placement in the facility of larger, 
bulk-sized steam sterilizers should also be planned based on access to the area. These units are com-
monly used to bulk sterilize loads of bedding, food, caging, water, and contaminated cages. Most manu-
facturers assemble and weld the chamber into one piece at the factory before it is sent to a facility. This 
may require that the unit is put in place before walls or ceilings are finished to accommodate the size 
of the chamber. Some manufacturers have “sectional” chambers where multiple pieces are assembled at 
the factory and shipped to the facility. This may allow for easier final placement at the facility but also 
requires on-site welding of the sections and overall testing and certification of the chamber.

Whether the unit will have one door or two and be used as a “pass-through” sterilizer is another deci-
sion to be made during the design phase of the project. Pass-through units with a bioseal are a must for 
removing items from a high-containment room. Each cycle of a newly installed unit will need to be 
validated, as outlined in the “Commissioning and Validation” section of this chapter. Manufacturers 
may include validation as part of the purchase package or offer the service if desired. Steam sterilizers 
will require steam (clean) and condensate return lines, along with a drain and cold water supply to run 
the vacuum pump. Hot water supply and compressed air may be required by particular units. An Internet 
connection may allow for remote connection to the equipment, which can be useful for off-site trouble-
shooting and software updates and upgrades.

Dry heat sterilizers operate similarly to an oven, using much higher temperatures than a steam steril-
izer to sterilize items. Although benchtop models are available for instruments, because these units do 
not require the same pressure reinforcements that a steam sterilizer does, a larger sterilization chamber 
can be accommodated in the same space footprint. Exposure to these higher temperatures is not suitable 
for all items, but may work well for sterilizing rodent caging or certain medical instruments. As dry 
heat sterilizers can be assembled in sections without a need for chamber certification, they may fit into 
areas that a steam sterilizer would not. In addition, dry heat sterilizers only require electricity to operate, 
which gives greater flexibility in the placement within a facility.

Ethylene oxide (EtO) sterilization can be used for items that are heat, moisture, or pressure sensi-
tive. EtO sterilizers operate in the 50°C–60°C range. The sterilizers are explosion-proof because EtO is 
highly flammable in air. The cycle times are generally 16–18 hours, and items must be well aerated prior 
to use. OSHA has special handling guidelines for EtO. The exhaust requirements, storage areas for EtO, 
and footprint of the unit should all be considered during the design phase.

Hydrogen peroxide vapor (HPV) sterilization is also available for items that are heat or moisture sensi-
tive. Some systems use HPV and plasma. Some HPV systems use vapor injected into the cabinet. Paper 
and some wrapping materials (e.g., woven cloth and cotton) are not compatible with HPV sterilization. HPV 
sterilization cycle times are also much faster than EtO. Plasma unit cycle times are typically 45–70 minutes 
when operating in the 45°C–50°C range. Vapor units typically have a cycle time of 2 hours but operate in 
the 30°C–40°C range.

Peracetic acid liquid sterilizers are available for items that are submersible. Peracetic acid sterilizers 
operate at the 50°C–55°C range and cycle times are fast, less than 30 minutes. Any device with a lumen 
must be appropriately connected for sterilization to occur. The final part of the cycle involves a sterile 
water rinse, leaving items ready for use immediately after the cycle concludes.

Alternative methods of liquid sterilization may include using chlorine dioxide or ozone within a cham-
ber. Both can be corrosive, so their use should be carefully considered. Sterilization via x-ray or gamma 
irradiation is generally not practical for an ARF. High-level chemical disinfection can be achieved using 
ortho-phthaladehyde (OPA), a safer replacement for the commonly used glutaraldehyde solutions. Label 
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claims in the United States require 12 minutes of exposure time at 20°C. Any item disinfected with OPA 
should be copiously rinsed. Direct skin contact with OPA should be avoided.

Robotics and Automation

A key but expensive aspect of ergonomics is in the sensible application of automation to animal care. 
This technology, well-established in medical technology and extensively used in manufacturing, is only 
emerging in animal resources. Machines are most suitable for preprogrammed activities, high-throughput 
repetition, applying ballistic forces, working in hazardous areas, and process consistency; hence, the 
opportunities for automation in the ARF are numerous. Current applications include soiled contact bed-
ding disposal, clean contact bedding dispensation, cage and water bottle washing (including capping 
and uncapping), ADW supply, and feed delivery. Automation in these cases may reduce stress; eliminate 
many potential injuries and disorders associated with the overuse of muscles, bad posture, and repeated 
tasks (by reducing the risk of injury from inattentiveness brought on by the boredom of repetitive tasks); 
and reduce exposure to allergens. It allows for human resources to be allocated to animal care and sci-
ence support activities rather than the monotonous repetition of inanimate material handling processes.

From an ergonomic perspective, handling large volumes of rodent cages, water bottles, and acces-
sories can be a highly repetitive activity. When engaged in such work, there is risk for a combination 
of bad postures occurring at an excessive frequency and sometimes involving considerable force. This 
may cause regular microtrauma and subsequent musculoskeletal injury. For example, in the dumping 
of soiled bedding and inverting solid-bottom rodent cages onto the conveyor of a tunnel washer, finger 
pinch grips and presses, radial (lateral) and ulnar (medial) deviations at the wrist, inward rotation, full 
extension of the forearm, and twisting at the waist—all inappropriate postures or movements—may 
occur at excessive frequency and predispose employees to a number of injuries, including carpal tunnel 
syndrome, ganglion cysts, wrist or elbow tendonitis, and back strain. The handling of water bottles has 
been ranked as one of the highest-risk procedures for work-related musculoskeletal disorders (WMSDs), 
followed by various scenarios of handling rodent cages.

The most dramatic and innovative application of ergonomics to ARF operations has been in cage 
washing. The range of options for cage washing begins with washing by hand and extends all the way 
to all-in and all-out robotic handling of rodent cages and water bottles. Even the hazard for WMSDs 
presented by the water bottle uncapping and capping process can be automated. Despite such impressive 
applications, however, one must remain mindful that automation itself may introduce the novel risk of 
injury where none existed before. For example, persons working with robots are at risk of being struck 
by arms programmed to move regularly and not capable of sensing a human obstruction. As such, any 
staff member involved in the automation area must be educated on equipment performance and safety 
procedures to avoid such injuries. The automation of any component of the ARF processes must include 
a review of the financial benefits of employing these systems, as they remain expensive and are typically 
not seen as providing a reliable return on investment (ROI) at smaller facilities. Even though automation 
has been shown to significantly reduce operating costs and repetitive stress injuries, program administra-
tors still demand careful cost control on every project.

Operational Support

Space is usually at a premium within an ARF, particularly the non-revenue-generating space that is 
needed to support ongoing operations. Office or desk space will be required for veterinary, management, 
training, and administrative staff. This should include workstations for frontline supervisors and techni-
cians, as they often require computer access. Conference space that can be used for meetings or training 
should also be available. A cafeteria or breakroom will be needed by the staff at mealtimes but could 
also double as a meeting or training space. Locker rooms where the staff can change into scrubs or other 
work uniforms, and securely store personal items, may be appropriate for some facilities. Showering and 
toilet facilities are usually included with the locker rooms. In barrier facilities, it may be appropriate that 
the locker rooms are the primary means of entrance to the ARF. Storage space for PPE, cleaning sup-
plies, replacement filters and other parts, caging, disaster supplies, and carts, flatbeds, and racks should 
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be designed into the facility. A temperature-controlled feed and bedding storage area should also be 
identified. Even if rooms are designed with drains, centralized areas with slop sinks should be consid-
ered in the design, if only to help with the mitigation of potential leaks. Exercise or play areas may be 
appropriate for some species; although the space may not have to be designed into the plans, it should 
be considered.

Sufficient procedural space should be available to perform veterinary care, treatment, or euthanasia 
of the species housed within the facility. A space for the medications that will be used should also be set 
aside. This could range from a cabinet for the storage of commonly used rodent treatments to an entire 
pharmacy for larger facilities with a wide range of species. Facilities housing larger animals should have 
some kind of aseptic operating space available, whether dedicated operating rooms or a designated room 
that fulfills all appropriate regulatory requirements. Facilities that anticipate supporting research that 
involves surgery on larger species should consider additional support space, such as preop preparation, 
instrument cleaning and preparation, diagnosis, recovery, and necropsy.

Research Support

As more scientists appreciate the value of collecting data and using equipment where or near where 
their animals are housed, greater pressure is exerted on the facility to support and enable the use of 
various research devices and forms of equipment. As science continues to progress, the frontier is 
almost limitless and somewhat unpredictable as to what may be needed to accommodate the types, 
functions, purposes, numbers, and sizes of these constantly evolving and improving items. The 
enduring doctrines of creating general spaces that are designed and outfitted for flexibility (e.g., 
drains and convertible sources of power) and for ease of renovation allow for research needs to be 
met. Within this context, storage space devoted to research equipment that is used with regular 
periodicity should be allocated by design or enabled through flexibility from design. A caution is 
that ARF storage can become exhausted, particularly with the abandonment by users of obsolete, 
neglected, or broken equipment. The postoccupancy principles of encouraging the development of 
cores, thus reducing the unnecessary and wasteful redundancy of research equipment, accompanied 
by a clearly articulated policy on the responsibilities for storage (i.e., lab vs. ARF), will promote 
operational efficiency.

ROI Calculations and Modeling

While ROI has a number of applications worldwide in finance, marketing, business management, envi-
ronmentalism, home improvement, and other venues, from the perspective of the design and construc-
tion of the ARF, it is a decision tool used as a means to determine if an investment in technology, 
materials, or other features intended to improve safety or economy provides rapid payback. Will it 
subsequently contribute the greatest ongoing impact to efficient operations? The obvious application 
for this is in the financial justification for labor-saving, “high-ticket” up-front items, such as automated 
watering systems (instead of cheaper bottles), high-density rodent caging systems, robotics, mecha-
nized waste removal systems, and high-volume, validated, programmed euthanasia systems. For exam-
ple, ROI can be used to provide the analytical basis for cage and rack system selection, with their impact 
on space needs and construction costs balanced with system purchase cost and an ultimate comparison 
with operating costs to determine payback time in years. All information to do this sort of modeling 
should be extractable from the A/E and ARP groups. This approach logically aids in demonstrating 
comparisons to promote sensible decision making. Table 18.2 illustrates a pro forma ROI matrix that 
can be used to compare the costs of two alternatives. For example, system 1 might be a ventilated 
caging system with automated watering to be compared with system 2, nonventilated (static) filter-top 
cages with water bottles. Static cages require more frequent cage changes, increasing the labor cost per 
cage. IVCs have a higher initial cost than static cages and require periodic maintenance for the supply 
and exhaust air components and the racks themselves. Operationally, the ROI approach is also useful 
for evaluating the monetary effect of comparative work practices, such as cage wash throughput and 
waste processing.
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Operations

The ARF is a very complex building type that requires continuous operational and maintenance sup-
port. This section reviews three components of the running of an ARF: operations, maintenance, and 
housekeeping. These three elements are completely interconnected, work to support each other, and are 
critical to a successful program. For the purposes of this section, we define each of these three elements 
as follows:

• Operations: This component refers to the use and care of the animals and associated research 
activities that are housed in the ARF.

• Maintenance: This component refers to the daily, regularly scheduled, and emergency repairs 
of the building, its systems, and their associated components.

• Housekeeping: This component refers to the daily cleaning and trash removal required for this 
type of facility.

The responsibility for the operation of the ARF normally falls to the organization established by the 
institution to oversee the care and use of animal models required by their research enterprise. These 
organizations have different names at different institutions, but their functions and responsibilities are 
the same and the types of staff required are all very similar. This includes veterinarians, animal care 
technicians, veterinarian technicians, and a variety of support and administrative staff. A complete chap-
ter or even a separate book could be written on the processes and requirements of operating an ARF, but 
from the perspective of the impacts on the facility and its design, there are several elements that must 
be considered.

First and foremost, several key members of the operations team must be engaged in the initial pro-
gramming and planning of the ARF, as each organization will have specific procedures and protocols 
that they have implemented, that will impact the design of the facility.

SOPs

SOPs may not be required for all ARF activities; however, they do facilitate the transfer of knowledge 
and standardization of procedures. Each facility will have different needs with regard to the numbers 
and types of SOPs generated. Facilities that will conduct studies according to good laboratory practices 
(GLPs) at a minimum must have SOPs to cover the specifics outlined (CFR, Title 21, Part 58). SOPs may 
address multiple daily routines, such as standard administrative and record-keeping tasks, husbandry for 
each species, veterinary care, regularly performed technical procedures, controlled drugs and pharma-
ceuticals, receipt and storage of feed and bedding, sanitization, disinfection, sterilization, waste disposal, 
and hazard containment. As opposed to operating from instruction manuals, maintaining SOPs for the 

TABLE 18.2

Construction and Equipment Cost Pro Forma ROI Matrix

Cost Center System 1 System 2

Equipment a e

Space b f

Personnel (cost per year) c g

Maintenance (cost per year) d h

First cost total, equipment + space a + b = i e + f = j

First cost difference i – j

Annual cost total, personnel + maintenance c + d = k g + h = l

Annual cost total difference k – l

Simple payback (years) (i – j)/(k – l) = m
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various pieces of equipment in an ARF can allow for a user to have a quick reference for how to perform 
common procedures, as well as providing for the care and maintenance of the equipment.

Program management should agree on a standard template, generation, and revision process if SOPs 
are to be used. A table of contents that groups SOPs into logically related tasks, with some type of num-
bering system, will assist in the quick referencing of SOPs. Multiple companies offer document control 
software and shareware systems that can assist with the organization, standardization, and review pro-
cesses. SOPs should be readily available for all staff members to reference; however, master versions 
should have restricted access. SOPs should be “living” documents, such that they require constant refine-
ment and updating. As such, a method of version control should be implemented, in addition to a means 
of archiving previous versions for later reference. Generally, someone familiar with the procedure should 
generate the draft SOP for review by others. A well-written SOP should allow someone new to the facil-
ity to perform the procedures as outlined.

Process Flows

Thoughtfully considered process flows will maximize the efficiency within the ARF and preserve and 
protect biosecurity for the species housed within the facility. Process flows should be considered during 
the design phase of a new project or during the planning phase of a renovation project. Some key process 
flows include movement of staff (research and support) between different functional and holding areas, 
movement of animals into and within the facility, cage and rack movement between housing areas and 
cleaning areas, movement of supplies into the facility, and removal of waste.

Some ARFs may be more vertical in design, requiring elevators (at least two for redundancy) for move-
ment of supplies and people, versus horizontal designs, which may require much greater travel times. 
Process flows should be considered based on these designs. Appropriate wheels and casters for the floor-
ing type, expected weights, and type of transport will greatly aid in maintaining the facility while safely 
and easily allowing for the transport of caging and supplies.

Movement of Personnel

Personnel entry into the ARF should occur in prescribed locations. These locations might not corre-
spond with emergency exit doors, which are required by building codes. Each location should be secured 
24/7/365. Close to the entrance, appropriate PPE should be available to protect the people entering 
the facility and the animals within. Many animal facilities require the support staff to wear scrubs, or 
facility-dedicated clothing, which is donned in a locker room adjoining the facility. Research staff may 
be required to don additional PPE if wearing “street” clothes. The barrier status of the facility, or area, 
may require all personnel to enter through a locker room, shower, and don facility-specific garb prior to 
entering the facility.

All personnel need to realize that once inside the facility, there will probably be a specific order of 
entry for different rooms. This order is maintained to protect the health of the animals and may be 
dictated by the health status of the animals in the rooms (i.e., general holding prior to quarantine) or by 
the species in the rooms (i.e., New World nonhuman primates prior to Old World nonhuman primates). 
Facilities with a cage wash area should have engineering (i.e., separate locker rooms) and procedural 
standards (i.e., shower before entry) to avoid having personnel travel from dirty to clean areas.

Movement of Animals

Animals arriving at the facility should not enter through a personnel entrance but rather a designated 
area that is temperature controlled. Accompanying paperwork should be verified prior to moving the 
animals to a holding room. There should be systems in place so that the support staff has foreknowledge 
of animal deliveries, and there should be systems in place for how to handle the unannounced deliver-
ies. Some modified or true barrier facilities may only allow rederived animals into the facility or certain 
housing areas. Facilities that require rederivation “in” should have separate areas for dirty animals and 
the rederived animals while awaiting a clean health status. Clinical or research needs may require the 
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temporary removal and return of an animal from the facility. Appropriate procedures should be put in 
place within the facility and at the other location to maintain the health of the animal, the safety of per-
sonnel, and the biosecurity of the other animals within the facility.

It is likely that animals will be moved within the facility, whether they are transported to procedure 
areas, clinical support locations, or research laboratories; the means of transport for intrafacility move-
ment should be specified and appropriate for the species. Procedures should be in place to determine if 
the movement is short-term (i.e., an animal is having an x-ray taken and will be returning) or long-term 
(i.e., an animal is being moved to another holding room), which should require documentation. Facilities 
that house animals that are not easy to handle should have equipment (i.e., nets and catch poles) and 
procedures in place so that if an animal does get “loose,” it can be returned to its home cage.

Movement of Supplies

To aid in the receipt of supplies, most facilities will need a loading dock with a standard height platform 
and the means to accommodate smaller box trucks, whether with a lift or a ramp. Once the supplies are 
offloaded from the transport vehicle, but prior to entry into the facility, it may be necessary to decontami-
nate them. Spraying or misting can be accomplished with spray bottles, pump sprayers, misting tunnels, 
and so forth. The exterior of delicate items that are not suitable for spraying or misting may need to be 
carefully wiped off with a suitable agent. Some facilities may require access to a pass-through sterilizer to 
sterilize the supplies “into” the facility. Once within the facility, all supplies will require suitable storage 
space; for animal feed, this may require a temperature- and humidity-controlled space. The amount of sup-
plies that can be maintained in the storage space available should be considered with regard to contingency 
planning. The location of specialized storage containers (i.e., flammable or combustible) should be planned 
to allow for safe containment and accessibility. Every facility should have a secure means to safely store 
and, using purpose-designed carts, transport gas cylinders. Most supplies will generally be moved within 
the facility using carts, flatbeds, transport trucks, or pallets. When designing the facility, ensure that which-
ever methods to be used will have the proper clearance through door frames and around corners.

Movement of Caging

The movement of caging within an ARF is something that will occur on a regular basis and, as such, 
should be planned in advance. Most facilities will need to move caging from a cleaning area, or receiv-
ing area if disposable cages are used, to the animal holding room or cage changing area. Facilities with 
a cage wash will need to transfer cages to an area where they can be prepared (i.e., bedding, feeders, 
and enrichment added) for use and/or transport. Most small animal caging will fit on carts or transport 
trucks, which can be used to transfer cages from the cleaning area to either an assembly or staging area. 
Cage assembly areas should have space for staging unassembled, work-in-process, and completed cages. 
If small animal caging is to be assembled in the room, the transfer of clean caging and the necessary sup-
plies (e.g., feed, bedding, and feeders) needs to be coordinated and staged as well. Staging areas where 
cages are kept prior to transport to the animal rooms or cage changing stations should be large enough to 
accommodate the number of carts and/or transport trucks used; this may include complete cage setups; 
feed, bedding, and enrichment; cage components (feeders and lids); and water bottles (if used). Animal 
holding racks may not require an assembly area, but will require some type of staging area that is at 
least large enough to accommodate the greatest number of racks expected to be staged at any given time. 
Animal holding racks in facilities using a “dry” system will probably need staging space for the excreta 
pans and their means of transport (i.e., cart, flatbed, or baker’s rack).

Soiled caging will need to be transported to a processing area and then either a disposal or cleaning 
area. To lengthen the life of the rack washer, soiled animal holding racks should be manually cleaned 
prior to washing; this will require a dirty staging area, preferably with substantial drainage and supply 
water. Excreta pans may also be dumped and manually cleaned in the same or similar type of area if a 
bedding disposal system is not used. Some large animal racks and pans may also be best maintained by 
the application of prewashing agents (i.e., foam). Once the prewash is applied, the equipment will have to 
stand for a time period before it should be washed, which may require a prewash staging area.
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Small animal cages may have the soiled bedding disposed of at the room level, area level, or facility 
level. Consideration for allergen exposure and waste removal should be factored into the disposal loca-
tions. Processing the soiled bedding at the facility level may warrant investment in a bedding disposal 
system, most of which operate via vacuum, sucking the soiled waste from the cages and transporting it 
to a dumpster. There are limits to the vertical and horizontal distances these vacuum systems can trans-
port soiled bedding, in which case a water-based system may make more sense. Any type of automated 
system will greatly reduce the need for waste transport from the cleaning area to a dumpster. Disposable 
small animal caging may also need to have the waste removed prior to transport from the facility and 
will require a staging area for pickup.

The type of research being conducted may require the sterilization of cages and/or racks prior to 
cleaning. This may need to occur at the room level using a pass-through sterilizer that allows for the safe 
retrieval of the racks from the uncontaminated side. It may be more practical for a small number of cages 
to seal them in bags or place them in an enclosed cart suitable for steam sterilization, prior to transport-
ing them to a centralized sterilizer.

Removal of Waste

Waste in an animal facility should be segregated with holding locations for each type (i.e., recyclable, 
trash, biological, chemical, and radioactive). Some institutions have programs in effect that specify the 
types and methods of waste disposal. Harmful waste should not enter the refuse stream unless precau-
tions are taken with regard to packaging and the disposal mechanism. The type of waste may require a 
staging area, prior to disposal. This area needs to securely store the waste while being accessible to those 
who will be dropping off and picking up the waste.

Recycling stations should be conveniently placed to encourage use, but be accessible for those who 
will be emptying them. Animal facilities generate a lot of trash, and most of it typically comes from the 
soiled bedding, so the dirty side of the cage wash should be in close proximity to at least one dumpster. 
Because of the volume of trash generated, it may be worth considering the use of dumping carts and 
whether they would work with a platform or lift placed in conjunction with the dumpster. Biological 
waste may include carcasses, requiring a separate area for storage prior to removal from the facility, 
whether it is a freezer or a dedicated cold room. Chemical waste staging areas should be well ventilated 
and allow for the appropriate storage, based on the type of chemicals. Chemical disposal services can 
package and remove both liquid and solid chemical waste.

To maximize containment and minimize contamination, the transport of radioactive waste should be 
limited in scope to what is absolutely necessary. Ideally, radioactive waste will stay in the area of use 
until it is no longer radioactive, which is only an option for short-lived isotopes, or until it is ready for 
transport and removal from the facility. Containment of the waste during transport through the facility 
must be considered; the methods used will be isotope dependent. No regular traffic should be permit-
ted through the areas the radioactive waste is being transported, until the waste is removed and the 
areas have been verified to be free of contamination. After the radioactive waste has left the facility, the 
transport carts and/or containers should be decontaminated, along with the temporary radioactive waste 
staging areas.

Staffing

The staffing needs for each facility will differ based on the size of the facility and complexity of the research 
supported. One staff requirement is an attending veterinarian, and although he or she does not have to be 
part of the facility staff, most programs will require at least one attending veterinarian whom is responsible 
for program oversight and veterinary care. One of the challenges every facility faces is finding staff mem-
bers dedicated to the support of the animals and research every day of the year, including weekends, holi-
days, and even in disaster situations. Full- or part-time staff should be the standard because of the training 
involved to perform the various tasks within an ARF. Temporary employees are rarely cost-effective or able 
to provide the level of support necessary. The geographic location of the ARF, and its proximity to similar 
facilities, will also have an effect on the pool of available and qualified potential employees. Although the 
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challenges are the same, each institution will have its own requirements with regard to the means of staffing 
the facility, whether they are institutional employees, contract employees, or union employees.

Depending on the size of the facility and scope of the research being conducted, multiple types of 
positions may be necessary. These positions may vary and overlap by program, but generally consist of 
loading dock support, cage wash, animal care, veterinary care, technical support, specialized research 
support, surgical support, administrative support, and management.

Financials

Once constructed and occupied, the greatest expense in the operation of the ARF is salaries, which can 
be 55% or more of the overall operating costs (Figure 18.10). Consequently, it is incumbent on design and 
construction to facilitate cost-effective operations. Cost-effective operations translate into greater propor-
tions of funding applied to actual research rather than the maintenance of animals or the physical plant.

Maintenance

Continuous

Building maintenance, after the owner takes control of the site, is often thought of in terms of the large-
scale, engineered, and centralized components, often in penthouses or appended to buildings and distrib-
uted through chases and the overhead interstitium, and maintained by a separate professional staff with 
expertise in the maintenance of complex systems. These specialists provide preventive maintenance, 
where the building and equipment are regularly scheduled for upkeep to prevent failures that may range 
from the annoying to the disastrous; operational maintenance, where form and function are honed and 
fine-tuned during use to ensure optimized performance; and corrective maintenance, where repair is 
required in response to failure. This serves as reinforcement that those who maintain the physical plant 
and MEP should have someone at the table during the design process and on through construction. The 
ideal is for the project manager to meet this obligation and to clearly maintain productive relations with 
these teammates afterward.

21%

55% 1% 1%5% 21% 5%

Salaries and benefits, 55%

Travel, 1%

Equipment, 1%

Other, 5%
- Contract labor and services
- Outside lab
- Equip/casing maint. and repair
- IACUC expenses
- Licenses
- Facility alterations (minor) 
Institutional F&A, 21%
- Space costs
- General admin and expenses

General, 21%
- Laboratory supplies
- Feed and bedding
- Animal purchases
- Husbandry supplies
- Administrative supplies

Medical/surgical, 5%
- Med/surgical supplies
- Drugs/pharmaceuticals
- X-ray films/supplies

FIGURE 18.10 (See color insert.) Representative operating costs of a functioning animal research facility. IACUC, 
Institutional Animal Care and Use Committee; F&A, facilities and administrative.
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If one subscribes to the belief that those of us in the animal care business participate in every experi-
ment by providing a wholesome and consistent environment where animals reside, experiments are con-
ducted, and data is collected, then it is easy to appreciate the hand-in-glove relationship and invaluable 
partnership between those who manage and operate the ARF and those who maintain it and provide 
steam, normal and emergency power, conditioned air, water, and the plumbing. A productive relation-
ship with the facilities maintenance team is critical after construction is completed and the facility is 
occupied.

The ARF typically has an array of highly specialized equipment that usually is beyond the capabil-
ity of the institutional mechanics, electricians, plumbers, and carpenters to maintain. Autoclaves, dry 
heat sterilizers, mechanical washers, tunnel washers, bottle fillers, automated waste disposal systems, 
robots, biosafety cabinets, ventilated caging systems, water treatment and distribution systems, eutha-
nasia chambers, imaging devices, and laboratory diagnostic apparatuses constitute a fairly representa-
tive, albeit not exhaustive, list of these modalities requiring specialized maintenance service. Often, 
this need is accomplished via renewable contract arrangements with contractors, but in some cases, 
internal expertise may be developed. An integral mechanic function is financially feasible and desirable 
for large programs in order to allow for expedient and regular maintenance, modification, and repair 
of pens, cages, caging systems, powered machines, motorized devices, and nonfixed material handling 
equipment; salvage of parts; completion of small improvements and installations; conduct of simple 
and routine fleet maintenance procedures; and attention to complex decentralized and dispersed MEP 
analogs, such as blowers on ventilated caging systems and the pumps, filters, and distribution system for 
automated watering. In this case, design and construction must account for space and outfitting needs 
for both desk and mechanical work. Postconstruction, as the warranties on new equipment expire, there 
will need to be a renewable budget allocation for preventive maintenance contracts and for covering the 
expenses related to normal wear and tear, as well as those for damage from accidents and abuse.

Conclusions

The changes required of animal facilities will be driven by the nature of research into the human con-
dition, the safeguarding of our ecosystem, and the sensible use of natural and/or finite resources, par-
ticularly people. These obligations of stewardship will be enabled by new technologies that improve 
the conduct of experiments and the efficiency and safety of operations, with ramifications for existing 
facilities, driving renovation, and new construction projects. A premium will continue to be placed 
on the machinery used in laboratory animal care to conserve water and energy. Other improvements 
undoubtedly will materialize in affordable automation, including dimensions that allow for its reach to 
extend far into the facility, wireless and other communications, research data acquisition and stream-
ing, lighting, and HVAC. Great gains remain possible and will be attainable in terms of energy-
efficient ventilation. Needs to conserve will drive environmental control to the room level, making 
zonal control concepts obsolete. At the room level, relative occupancy sensors will allow vacant rooms 
to automatically revert to diminished standby air turnover rates, and for variable ventilation in adapting 
to the existing biomass present while maintaining the stability of temperature and relative humidity. 
That does not mean, however, that energy savings will reign absolute. Significant, energy-consuming 
supply and/or discharge air treatment and filtration requirements may be necessary to protect the 
endogenous microbial profile of certain animals, to enable studies of the microbiome not dependent 
on isolators, possibly for enhanced GLP studies, and/or where hazards are involved. Regulatory action 
is likely to exert effects on animal care waste management practices, possibly imperiling disposal by 
landfill, incineration, or sewer in some locales, and spelling the doom of the massive water-consuming 
chillers integral to so many institutional air-conditioning systems today. Where 9 feet 0 inches typi-
cally has been the peak height of facility rooms, minimum clearances of 10 feet 0 inches may be 
necessary to accommodate or convert to alkaline hydrolysis digestion units for rendering of certain 
organic wastes. Design and construction best serve this possibility by providing the capacity for pits 
at some sites or expandability of some ceilings to 10 feet 0 inches or more. Higher ceilings also allow 
for the deployment of overhead gantry systems in cage wash and other areas.
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On the science side, the human conditions of aging, the neurosciences, and infectious diseases will 
continue to influence the facility in terms of the capability to enable behavioral research, imaging, and 
the containment of hazards. For behavior, the focus will be on minimizing interruptions to animal 
behavior imposed by noise, vibration, other environmental disruptions, and human intrusions of any sort. 
Improvements of wireless remote technologies and in the field of biometrics will allow for remote sens-
ing and recording, hands-off animal experiments, and a broadened range of investigator-independent 
animal experiments, and at the same time, it will challenge traditional animal care practices. Automated 
physiologic phenotyping, recording, and analysis of behavior, and even health monitoring down to the 
level of the cage, may progress toward the norm.

Perhaps the greatest need and effect that could be realized is in automated drinking water supply sys-
tems. While these have been a boon for worker safety and efficiency, and even lauded as a tremendous 
animal care development as early as 1959 (Russell and Burch 1959), the experience of many facilities is 
that the consequences of cage floods and cases of dehydration in association with these systems remain 
the greatest source of preventable losses of rodents. Might breakthroughs at the cage sensing and report-
ing level of high moisture and/or abnormal water flow provide the tipping point to achieve elusive rodent 
safety via prompt, real-time flood and dehydration detection, thus allowing for rapid emergency inter-
vention? The bottom line is that no one can fully predict the future, making our responsibility to enable 
it rather than to predict or dictate it. To accomplish that means that we must design and build with flex-
ibility and with any number of possibilities, including the incredible, in mind.

For the present, it is critical that the animal resources personnel who occupy and use a facility know 
and understand it, and therefore the design principles and construction standards used to deliver the 
product. When faced with building or renovating, it is vital to have and enable an absolutely clear vision, 
and agreement among all end users, on what the new facility needs to accomplish. Insufficient user input 
risks a new facility that is underutilized or requires immediate renovation. Never assume someone else 
will anticipate or provide for your needs. The stakeholders working in the facility will only be served by 
representation at the table from the time of programming on, but also when facility management main-
tains a continuous hands-on approach through the completion of construction. As it has been said, if you 
are not at the table, then you will be on the menu. It is critical to stay involved from the start of planning 
to the completion of construction and to visit the construction site regularly. As such, you should own 
a hard hat, a safety vest and glasses, and an architect’s scale ruler. Understand that this is a team game 
and the object is not to have winners and losers, but the best outcome. To that end, not everyone will get 
everything they want. Be prepared to establish priorities, trade or design for future adaptability, and eye 
accommodations that will allow for lesser needs that cannot be immediately funded to be met in time. 
Additionally, do not think small, but program with future growth in mind. Encourage flexibility in layout 
and design whenever possible to consider future research needs. Design is a detail-oriented responsibil-
ity, and one can never drill down to minute detail enough or pore over a plan sufficiently. Pay close atten-
tion to trouble areas that are sometimes overlooked, such as floor and ceiling finishes, cage wash areas, 
and the flow and throughput of work. Serve as an advocate to ensure that needs take priority over design 
and first costs, and that there is investment in oversight systems and management practices to ensure that 
the project is done correctly the first time. If you are approaching this responsibility from the perspective 
of a novice, seek out and work with people who really know ARFs and understand the importance of 
meeting the needs of the end user and learn from them.
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Introduction

Security breaches have serious consequences and, in some cases, may be catastrophic. In addition to 
jeopardizing personal safety, some additional potential outcomes might involve research program dis-
ruption, loss of critical scientific data, biohazard release, and/or the theft of research animals. The protec-
tion of assets within any program of animal care and use requires considerable planning, coordination, 
education, and resources. Security is everyone’s responsibility, regardless of whether there is a dedicated 
department or if the duties are less centralized. A safe and secure environment creates the opportunity 
for a more productive workforce, reduces liability, and allows employees to focus on the organization’s 
mission. All organizations have a responsibility to protect people, data, and property; however, animal 
care and use programs have unique security challenges that must be addressed. In many ways, the best 
security for an institution is good animal welfare.

Security concerns can generally be divided into two categories, external threats and insider threats. 
External threats originate outside the company, government agency, or institution. Examples include 
campaigns from animal rights extremists, cyberattacks, and general crime. Internal threats can involve 
trusted individuals, including existing or former employees, vendors, and subcontractors. Some insider 
threats are malicious, while others put the organization in jeopardy through negligence. Successful 
organizations are able to implement effective security programs that do a thorough job of assessing 
the risk to the organization based on both types of threats and then put measures into place to mitigate 
their impact.

Security Awareness and Preparedness

Security and convenience are inversely proportionate to one another. The stricter the security mea-
sures are, the more problems they create. Most people will accept the fact that we need locked doors 
to maintain privacy and keep unauthorized people out. The number of locks the door has, however, 
will dictate the threshold that is considered to be inconvenient, which then could lead to the door 
being propped open. If security measures are perceived to be too difficult, employees will find ways 
to bypass them (Sancenito 2014). The relationship between convenience and security is illustrated in 
Figure 19.1. A delicate balance must be achieved to help ensure security protocols are accepted and 
followed.

There are four steps that should be taken to develop a comprehensive security plan. These steps are 
to conduct a risk analysis, conduct a physical security review, conduct emergency planning, and develop 
a system for educating all employees on security issues. At each step, the organization should evaluate 
if it has qualified personnel internally to perform the tasks necessary or if an outside consultant will be 
necessary. There are pros and cons to both sides. Internal personnel are more familiar with the organiza-
tion’s function and operations, while an independent contractor may be more objective and not as easily 
influenced by internal politics.

Convenience Security

More convenience/less security More security/less convenience 

FIGURE 19.1 (See color insert.) Relationship between convenience and security.
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Step 1: Conduct a Risk Analysis

The first step is to conduct a risk analysis. This process involves making a list of possible events that 
could affect operations at the facility. Possible risks should be measured using a risk evaluation matrix 
chart, as depicted in Figure 19.2, in which the probability of an event occurring is evaluated, along with 
the impact the event would have on business operations.

By measuring risk in this manner, the organization can more effectively determine the amount of 
resources that should be applied to the risk. In addition to assessing the potential for major downgrading 
events, other things should be considered when conducting a risk analysis. They include what needs to be 
protected and how critical it is to operations, what is around the facility that may bring increased risks, 
and what has been the history of impactful events at the facility.

• Critical: Priority and resources should be given to these risks and countermeasures put in 
place. In addition to actions included in the high category, risks in this category may also 
require additional insurance to protect the organization.

• High: In addition to detailed policies and procedures, detailed contingency plans should exist 
for these risks. Drills should be conducted on a regular basis. A considerable amount of time 
should be spent planning for these events.

• Medium: Policies and procedures should be in place. A moderate amount of attention should 
be provided to this category.

• Low: Events in this category are not worthy of putting time and attention into them, as they 
may be easily managed. They are covered by policies and procedures put in place for higher-
risk categories.

Each phase is cumulative, to include the actions in the previous one.
For instance, if the geographic area of a laboratory rarely has tornadoes, the likelihood may be con-

sidered low, while the impact would be high. Tornadoes would receive a “medium” risk designation. The 
result would be to have a written plan to deal with the possibility. Tornado drills are probably unnecessary. 
If a laboratory is located in an area that has frequent and severe tornadoes, the risk may be categorized as 
“critical.” The proper response for this scenario would be to have written policies and procedures, conduct 
regular emergency drills, and ensure that this type of disaster has proper insurance coverage.

When evaluating possible risks, it is important to prepare a plan for any possible incident that may dis-
rupt business operations. This “all-hazards” approach allows for a series of guidelines to be put in place 

Medium High Critical

Low

Low Low

Medium

Medium

High

Risk matrix

Likelihood

Im
pa

ct

High

Medium

Low

Low Medium High

FIGURE 19.2 (See color insert.) Risk evaluation matrix.
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for dealing with multiple types of crisis situations, instead of just focusing on a single type of threat. An 
effective plan is a guide for managing situations that include

• Natural disasters: Flooding, earthquakes, wildland fires, extreme wind damage, and severe 
winter weather

• Accidents: Hazardous material spill on a nearby roadway, chemical leak from a neighboring 
business, explosions (combustible material, high-pressure steam, etc.), fire, or an extended 
power interruption

• Man-made disasters: Terrorism, sabotage, theft of animals, destruction of research, arson, or 
a malicious computer virus

Special risk factors accompany animal facilities and can directly influence the risk profile of an orga-
nization. The species of animals used is a major consideration. Regulated species require registration, 
animal use reporting, and routine government inspections. These activities create documentation that 
can be obtained through use of the Freedom of Information Act. Reports filed with the U.S. Department 
of Agriculture’s (USDA) Animal and Plant Health Inspection Service (APHIS) are often used by activ-
ist groups. Nonhuman primates, dogs, and cats tend to draw much more attention from animal rights 
activists than does the use of rodents and fish. The amount of Animal Welfare Act violations (negative 
regulatory actions) a facility has received may also affect risk. Other factors can include the nature of the 
research (invasive or noninvasive) and the quantity of animals used in research programs.

Step 2: Conduct a Physical Security Review

Physical security measures deter, detect, and delay an individual from gaining access to a building or 
restricted area. It is important to conduct a thorough review of existing security measures and evaluate 
their effectiveness. Some physical security measures can be costly to install and maintain. It is therefore 
important to evaluate which measures will provide the greatest return on investment.

A physical security review is most effective when performed by an independent person removed from 
the organization. The review should be conducted by a person or team who is knowledgeable of recog-
nized standards, best practices, and industry benchmarks. There are many aspects to physical security, 
including crime prevention by environmental design, perimeter security, building architecture, criti-
cal infrastructure, disaster planning, electronic security systems, access control, security patrols, and 
information technology (IT) security. Some measures may involve significant capital expense and may 
require budgeting for them over a period of time, and others may be implemented with little or no expen-
diture. Measures to consider include the following

• Have a clearly defined perimeter. Post “No Trespassing” signs around the property that clearly 
define boundaries.

• Have adequate lighting on the outside of the buildings, particularly near doors and windows. 
Lighting creates a psychological deterrent and enables detection of intruders and hazards.

• Maintain all vegetation and shrubbery near buildings to less than 4 feet tall to prevent the pos-
sibility of someone hiding in them. Nothing higher than 2 feet tall should be planted within 
20 feet of building entrances.

• Have exterior doors that are of solid construction and rust-free (including hinges) and shut 
properly. Exterior doors should have automatic returns on nonremovable hinges.

• Ensure that all exterior windows and glass doors are break resistant. Ideally, no windows on the 
first floor should open. Animal vivarium and procedure rooms should be located along interior 
walls, if possible, and should not have exterior windows.

• Animal receiving areas should not be visible from outside the property.

• Combustible material, refuse containers, and dumpsters should not be located within 50 feet of 
the building or near air intake vents.
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• Video surveillance systems should have both monitoring and recording capability. Video surveil-
lance systems (closed-circuit television [CCTV]) should be on closed networks and air gapped on 
the organization’s network to ensure that only authorized personnel are monitoring. It is recom-
mended that two factor authentication procedures are used and function in low-light situations.

• Regularly test access control, video, fire detection and suppression systems, and exterior light-
ing. If timers are used, ensure that they are adjusted for daylight savings time and/or seasonal 
changes to daylight hours.

• Conduct annual audits of physical keys and access control badges. Limit access whenever pos-
sible and evaluate if employees’ access rights are appropriate for their job function and work 
hours. Access control audits should be conducted at least quarterly to determine if there are 
unusual patterns, inconsistent with an individual’s or group’s work routine.

• Secure all roof access points and skylights.

• Have barriers around buildings and utilities that boarder vehicle travel or parking areas.

Physical security measures are only one part of a security program and are useless if they are bypassed 
or ignored. Ensuring security measures are utilized requires that policies and procedures are closely fol-
lowed. The goal is to have security measures utilized in daily routines.

Policies and Procedures

Policies and procedures provide guidelines to employees on what is expected of them. They are the corner-
stone of any effective security program, but are worthless if they are not followed and enforced. Policies 
and procedures should exist for everything—visitor control, opening and closing procedures, information 
security, and preemployment screening. Key security-related policies and procedures should include

• Disaster and crisis management plans that include checklists and up-to-date points of contact.

• Protest and demonstration action plans for managing protests outside the building, as well as 
disruptive persons in the building (see Appendix 19.1).

• Visitor and vendor handling and escort requirements that define the visitor procedures and the 
management of vendors working in sensitive areas.

• Bomb threat checklist that includes questions to ask of the caller (see Appendix 19.2).

• Suspicious phone call handling procedures (see Appendix 19.3).

• Suspicious mail and package handling procedures.

• Workplace violence procedures, including lockdown and active shooter protocols.

• Photography policies to prohibit unauthorized photographs in animal vivarium areas. The pol-
icy should also address where digital photographs may be stored and managed on IT networks.

• Operational and information security policies. A policy should be in place to address the han-
dling, storing, destruction, and management of data and documents.

• Good access control policies prohibiting the loaning of badges, allowing others to enter without 
credentials, and propping open unattended doors.

In order to create a culture of security consciousness, it is important to have top-down support for 
security practices from the highest level of the organization. Security policies and procedures must apply 
to everyone, regardless of their position or status. If upper management does not follow or show respect 
for security measures, employees will feel the measures are not important. A duplicitous system under-
mines the credibility of a security program.

Step 3: Emergency Planning

Managing and quickly recovering from a crisis or disaster does not just happen; it is the result of metic-
ulous advanced planning. Business continuity is defined by ASIS International as “a comprehensive 
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managed effort to prioritize key business processes, identify significant threats to normal operation, and 
plan mitigation strategies to ensure effective and efficient organizational response to the challenges that 
surface during and after a crisis” (ASIS International 2005).

Most organizations at some point will experience an unforeseen incident that causes business interrup-
tion. The difference between an organization bouncing back or shutting down is dependent on how well 
it is prepared. It is therefore important not only to have a business continuity plan, but also to repeatedly 
test it against evolving threats and real-world situations. A business continuity plan helps an organization 
plan for situations and assists in identifying weaknesses in its operational resiliency. Facilities that may 
not be directly affected by severe weather or flooding situations may be indirectly affected by long peri-
ods of utility shutdowns or road closures. Emergency plans need to be thought out in advance and include 
plans for relocating animals and critical materials (e.g., preserved specimens in ultra-low-temperature 
equipment) to alternate facilities.

Security Committees

Security responsibilities may vary greatly depending on the size and type of the organization and the 
nature of biohazards studied there. Some organizations have dedicated security departments, while in 
other organizations security duties fall to the facilities department. Regardless of where security respon-
sibilities are placed in the organizational chart, it is important to have a security committee to provide 
ongoing input to safety and security matters. A well-rounded committee with representatives from all 
critical departments can offer a perspective of operational and logistical considerations of proposed 
security measures and their impact. Involving departments in the planning phase can make implantation 
and compliance much easier.

An effective team will have representatives from each of the following areas:

• Management

• Facilities

• Security or safety

• Human resources

• Public relations

• Finance

• Animal program and scientific or research staff

This group should meet on a regular basis (quarterly at a minimum) to discuss security issues and to evalu-
ate institutional risk and concerns raised in the physical security review. Specific roles of individuals during 
an emergency should be identified. Succession planning should also be addressed in the event that key deci-
sion makers are unavailable or incapacitated during a crisis. Priorities should be decided and major improve-
ments budgeted for over a period of time, if necessary. Some of the committee responsibilities include

• Development of standard operating procedures and internal policies

• Evaluation of security preparedness

• Holding regular meetings and conducting tabletop exercises or drills

• Educating others within the organization on risks, procedures, and policies

• Managing crisis situations

• Conducting postincident reviews and identifying what worked well and what did not

Tabletop Exercises

A tabletop exercise is a meeting to discuss a simulated emergency situation. During an exercise, a facili-
tator presents a situation or series of situations and asks the group to explain how they would respond. 
The exercise allows institutions to test their emergency plans and disaster preparedness in a low-stress 
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environment. Tabletop exercises can be an effective tool in evaluating security preparedness and iden-
tifying weaknesses in incident management plans. A well-organized tabletop exercise can prepare 
organizations for real-world threats and help promote improved communications and a better working 
relationship between departments.

Crisis management plans are not effective if they are just put on the shelf. Unfortunately, during a 
crisis situation, institutions often find that their plan is not effective and was not properly updated and 
communicated to key personnel. A tabletop exercise provides an excellent opportunity for an organiza-
tion to apply, test, and refine its preparedness. Vulnerabilities or flaws may be identified and addressed 
long before a situation occurs.

A tabletop exercise can only be effective if it involves critical decision makers, involves all divisions 
of an institution, and has the unwavering support of executive management. Organizations must deter-
mine if they have the resources in-house or if they should hire an outside consultant to facilitate the 
exercise. There are pros and cons to both scenarios. An outside consultant may not be familiar with the 
corporate culture, policies, and procedures, but will bring fresh ideas and a true understanding of how 
other companies have managed similar incidents. An outsider may also be more effective as his or her 
opinions may be perceived as being more objective. In some areas, local emergency responder organiza-
tions (e.g., law enforcement, fire departments, agricultural authorities, and the military) may be willing 
to participate in or help organize tabletop exercises for institutions. Establishing cohesive relationships 
with emergency response agencies can be extremely beneficial. Having a memorandum of understanding 
or service level agreement is a vehicle that can be used to institutionalize expected response protocols.

Step 4: Employee Awareness Campaigns

Security awareness is one of the most important but commonly overlooked parts of a successful secu-
rity and risk management program. It involves training employees on security policies and procedures, 
educating them on suspicious activity to be aware of, and empowering them to report violations and 
suspicious behavior. Employees should be trained to be aware of their surroundings and know what to 
do if they see someone taking pictures from the perimeter, suspicious vehicles in the parking lot, strang-
ers asking for information about animals or what the building is used for, or fellow employees who are 
exhibiting strange behaviors. Physical security measures, policies and procedures, and employee aware-
ness campaigns are dependent on each other to be effective (Figure 19.3).

Employees should be provided security awareness training at the time of hire and then periodically 
throughout their employment. Topics to be emphasized include

• The importance of operational, information, and IT security

• Recognizing, challenging, and reporting suspicious people, behavior, and persons

• Social engineering tactics (both existing and emerging) and policies regarding the release of 
information

Employee
awareness

Policies
and

procedures

Physical
security

FIGURE 19.3 Connections between physical security, policies and procedures, and employee awareness.
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• The process for reporting company policy and security violations

• Workplace violence awareness

• IT and cybersecurity awareness and restrictions

• Evacuation and shelter-in-place procedures

• Employees’ individual roles during emergencies

Finding a creative, humorous, or informative way to present security issues, such as posters around the 
facility, increases the possibility that employees will retain the key concepts. Decide which key security 
concepts you would like employees to remember and focus on those areas.

Risk from Animal Rights Extremism

The use of animals in research, teaching, and testing is a highly controversial issue that transcends both 
the scientific and public arenas. According to a 2014 public opinion poll conducted by the Pew Research 
Center, 50% of U.S. adults say they oppose the use of animals in research, while 46% say they support it 
(Funk and Rainie 2015). It should be noted that there is a difference between those who support animal 
welfare and those who support animal rights. Animal welfare supporters believe in the humane care and 
treatment of animals, and the elimination of unnecessary pain and suffering. Animal rights supporters 
believe animals are sentient beings and should not be used for food, clothing, research, or entertainment.

Some animal rights supporters feel morally compelled to take action to stop what they perceive to be 
the suffering of animals. Animal rights activists have a deep philosophical opposition to the use of ani-
mals in research, teaching, and testing. Most animal rights activists express their views in lawful ways, 
such as adopting a vegan lifestyle or engaging in peaceful activities to promote their views. A small 
number of these individuals, however, believe change will only occur through pressure campaigns and 
intimidation. An even smaller subset has adopted militant tactics to further their cause.

The term direct action is widely utilized by both the animal rights community and law enforce-
ment to describe the variety of actions that social justice activists utilize to impact their intended tar-
gets. Examples of nonviolent direct action (often called nonviolent resistance or civil resistance) include 
strikes, workplace occupations, sit-ins, sabotage, graffiti, and cyber-crime (Boundless 2015).

Examples of violent direct action include arson, bombings, and assault. The use of violent direct action 
by extremist groups has had a significant impact on animal-related research, not because of a high num-
ber of occurrences, but because of the fear it invokes. Activists often refer to past actions in an attempt 
to intimidate researchers. While there have been some heinous actions committed in the name of animal 
rights, the reality is that these incidents occur infrequently.

Animal Rights Movement’s Use of Direct Action

Data concerning direct actions was collected by Information Network Associates, Inc., an international 
security consulting firm, over the 4-year time period from 2011 to 2014. This information was catego-
rized by factors including attack method and target industry in order to provide a historical statistical 
analysis of animal rights criminality as it relates to the animal research industry. This data provides the 
basis for studying trends of animal rights criminality that can impact the research industry and provides 
an opportunity to forecast future risks.

The majority of the data collected for the study came from activist self-reporting. Although in some 
cases this self-reporting is dubious, much of the criminal actions reported by activists include evidentiary 
documentation. This documentation included photographs and video of activists conducting the criminal 
actions. In many cases, the actions claimed by activists are reported in the mainstream media, which pro-
vides additional validity that the action reported by activists occurred. In some cases, the mainstream media 
accounts are the primary or only source that can confirm an attack by animal rights activists happened.

However, there remain obvious limitations when studying criminal activity and violence by animal rights 
activists, such as individuals not sharing information about their actions in order to avoid prosecution. Animal 
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rights criminality remains unique from common law breaking in that the purpose for activists engaging 
in criminal actions is to ensure they receive attention. Activists will sometimes send anonymous e-mails 
claiming responsibility for criminal actions to mainstream media outlets, but more often use alternative or 
independent news sources, websites, and social media. This reporting allows activists to publicize their cause 
and instill fear and intimidation against the target. It is particularly troublesome for those organizations that 
possess similar profiles. While it is possible that some of the activist self-reporting is simply fabricated, it is 
just as likely that more serious criminal actions or failed attempts are never publicized or claimed.

A total of 1750 animal rights–related direct action attacks were identified internationally between 2011 
and 2015. These incidents represent all animal rights–related attacks, regardless of targeted industry. The 
annual number of attacks ranged from 203 to 429 over this 5-year period; however, animal research was 
targeted in only 11% of these incidents. A breakdown of these attacks by industry is identified in Table 19.1.

An analysis of the 195 attacks against the research industry reveals that the most actively targeted 
sector was laboratory animal transportation. This sector is part of a relatively new campaign focus-
ing on animal transportation (airlines, shipping, ferries, and trucking companies). Contract research 
organizations (CROs) are the next heavily targeted, followed closely by academic research institutions. 
Pharmaceutical companies and biotech or nonprofit agencies trail behind, as depicted in Figure 19.4.

TABLE 19.1

International Direct Action Attacks by Targeted Industry, 2011–2015

Industry Direct Action Attacks Percentage of Attacks

Entertainment (bullfighting, circus, zoo, horse/dog racing, etc.) 130 7

Research (government, academic, CRO, pharma, biotech/
nonprofit organizations, lab animal breeders, transportation, etc.)

195 11

Clothing (fur industry, leather products, etc.) 245 14

Food (restaurants, farms, slaughterhouses, etc.) 507 29

Other (hunting, pest control, non-research-related animal 
breeders/suppliers, etc.)

673 38

Total 1750 100

Source: INA (Information Network Associates), Data collected by INA, Inc. Harrisburg, PA, 2016, www.ina-inc.com.

Research lab
construction, 7, 4%

Biotech, 7, 3%

Pharma, 16, 8%

Lab animal
transportation, 72, 37%

Academic research, 58, 30%

CRO/breeder, 35, 18%

FIGURE 19.4 (See color insert.) Breakdown of 195 direct action attacks against research-related industries from 2011 to 
2015. (From INA [Information Network Associates], Data collected by INA, Inc. Harrisburg, PA, 2016, www.ina-inc.com.)

http://www.ina-inc.com
http://www.ina-inc.com


440 Management of Animal Care and Use Programs in Research, Education, and Testing

An international look at direct actions against the research industry shows that the animal rights 
movement is predominantly a western European and U.S. phenomenon. Spikes in other countries, such 
as Turkey, occur mainly because of an active cell of activists committing a crime spree in a particular 
area. The relatively low number of incidents can make the movement seem more influential in certain 
areas than it really is. Figure 19.5 shows the number of direct action attacks against animal research 
institutions by country.

Activists often target organizations they perceive to be softer targets that may be easily influenced by 
pressure campaigns. Some extremists are willing to use extreme methods to inflict economic damage 
or violence if it is necessary to achieve their goals. While many actions are considered acts of terrorism 
because they are willing to commit criminal acts to further a social ideology, there are major differences 
between animal rights–related incidents and international terrorism. International terrorists target the 
general population, wish to inflict mass casualties, are willing to physically confront opposition, and 
are usually prepared to sacrifice their own lives in the process of achieving their objective. Those com-
mitting terrorist acts in the name of animal rights target organizations they feel benefit from what they 
perceive to be animal suffering, want to avoid detection and their capture if at all possible, and typically 
try to avoid hurting humans and animals in the process. This is not to say that people have not been seri-
ously injured in animal rights direct actions, as they most certainly have. In 2001, the managing director 
of Huntington Life Sciences, a British CRO, sustained head injuries that required stitches after he was 
assaulted outside his home by three masked men carrying baseball bats (Kelso 2001). A series of letter 
bombs sent to various animal-related industries in Great Britain resulted in a woman being blinded in 
one eye and a 6-year-old girl being badly burned on the lower parts of her body (Stokes 2001). On August 
28, 2003, two bombs exploded at the Chiron Corporation in Emeryville, California. Less than a month 
later, another bomb exploded outside the Shaklee Corporation in Pleasanton, California (Rodriquez et al. 
2003). While no one was injured in the two California bombings, the incident was claimed in support of 
animal rights. Thankfully, however, these attacks are committed infrequently and have been declining 
in recent years.

The vast majority of criminal activity against research-related industries from 2011 to 2015 has been 
minor vandalism, as shown in Figure 19.6.
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More serious direct actions during this time period have included 1 bombing, 6 bomb threats, 11 
arsons, 5 cyberattacks, and 1 claim of product contamination against consumer products.

Direct action peaked in 2008 when a total of 700 international direct action incidents were reported, 
119 of which were research related. The direct action then dropped suddenly before leveling out. The 
reason for the decline in direct action is related to several factors, which include

• Increased law enforcement attention

• Improvements to laws and increased penalties for violations thereof, such as the Animal 
Enterprise Terrorism Act in the United States and the Anti-Social Behaviour Act in the United 
Kingdom

• Arrests of key radical leaders

• Increased influence by more moderate mainstream activist groups

The animal rights movement has adapted and evolved over time. While current trends are focused on 
legal tactics, there are those who reject the focus on animal welfare and support an abolitionist approach. 
Radical groups operate in small anonymous cells, which can make their actions difficult to predict. The 
threat posed by animal rights activists will continue to be a risk as long as the use of animals is a nec-
essary and essential part of scientific, medical, and environmental research. It is imperative, therefore, 
that institutions with animal use and care programs take special precautions and security measures to 
manage this increased risk.

Insider Threats: Risk of Infiltration

Animal rights extremists use a wide variety of tactics to target organizations with animal use and care 
programs. One of these tactics is to gain employment with the targeted facility in order to clandestinely 
gather information to be used in an attempt to further their cause. More than 65 known infiltrations have 
occurred at research laboratories since 1981. In each case, covert video or photographs were taken from 
inside the facility, and in some cases, confidential documents and data were stolen. The purpose of these 
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infiltrations was to further an animal rights agenda and obtain images they used to influence public opin-
ion, bring regulatory scrutiny, and motivate activists. Images they obtained during the infiltration were 
also used in fund-raising campaigns. Each infiltration was followed by complaints made to the USDA 
demanding action be taken for perceived Animal Welfare Act violations.

Video produced during undercover investigations is captured by hidden cameras worn by operatives 
over many months. The accuracy and credibility of some pictures and videos can be called into question 
as having been edited, taken out of context, staged, or due to the negligent actions of the undercover 
operative. In some cases, however, videos obtained by undercover activists have depicted employees 
mistreating animals and acting in a manner inconsistent with accepted and very prevalent animal care 
and use standards. These unfortunate incidents are exploited by activists on social media sites and are 
used to recruit new activists to their cause.

The vast majority of undercover videos depict legitimate and industry-accepted scientific methods. 
The dilemma, however, is that the majority of the public does not understand the necessity for animal-
based research or the scientific or medical advancements produced. The videos are intended to elicit the 
maximum emotional response from the viewer. The videos are sometimes narrated by celebrities to give 
them credibility and appeal to a wider audience.

The impact of infiltrations can be devastating to an organization and should not be underestimated. 
The potential severity of animal rights clandestine actions must be made clear to the research staff, from the 
most “prominent” scientist to the “lowliest” technician, so they realize that buy-in is most definitely in 
their own interest.

In 1981, the Institute for Behavior Research in Silver Spring, Maryland, was infiltrated by someone 
working with People for the Ethical Treatment of Animals (PETA). Local law enforcement arrested 
Dr. Edward Taub and seized the research animals after the undercover employee made accusations of 
animal cruelty. Dr. Taub was convicted in state court, but his conviction was overturned on an appeal 
based on a ruling that state laws did not apply to federal research programs (Taub v. State, 296 Md. 439, 
463 A.2d 819 [1983]).

Professional Laboratory and Research Services, Inc., a North Carolina research laboratory, was forced 
to shut down and surrender hundreds of animals as a result of an undercover PETA investigation in 2010 
(Clay 2010). Four employees were also arrested and charged with animal cruelty related offenses. Many 
others have had to downsize their workforce due to organizations cancelling or withdrawing research 
studies because of negative publicity. A laboratory’s reputation can be forever tarnished and the recruit-
ment of personnel or ability to obtain grants and funding could be affected.

Even organizations with model high-quality animal care and use programs are not immune from 
employees who do not follow established procedures and highly scrutinized and approved animal study 
protocols. The risk of infiltration cannot be eliminated, but it can managed by having effective preem-
ployment screening programs, proper supervision of employees, and physical security measures in place 
to limit access to data and sensitive areas.

Recruiting and screening qualified employees to work within an animal care and use program can be 
challenging. Nothing can be more important than hiring employees with the proper qualifications, expe-
rience, and temperament to care for the animals entrusted to their care. Recruiting and selecting good 
candidates is difficult, time-consuming, and expensive. Despite this fact, due diligence should never be 
compromised for expediency. Effective hiring practices ultimately save time and money by avoiding 
costly hiring mistakes.

An effective hiring process includes a process to validate genuine information at each stage and address 
concerns or red flags that may arise. Each step provides you with a little more confidence that the applicant 
is genuine, has the right qualifications for the job, and fits in with your culture and values. There are 
several stages in an effective recruitment process, which may include those shown in Figure 19.7.

Following the steps in the hiring confidence pyramid moves the employer from a position where they 
know nothing about a person to a point where the job applicant is seen as a viable candidate for the posi-
tion and potentially a future trusted employee. Each organization will have a different process, but the 
key elements are the same. Filtering out unsuitable candidates at each phase provides greater confidence 
in those selected to go to the next level.
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Preemployment Screening

Traditional background searches, such as criminal history checks, are not completely effective in iden-
tifying bad hires or potential infiltrators. Organizations need to use specialized background checks that 
include social media searches in order to identify individuals with disingenuous motives. Activist groups 
meticulously lay out backstories for undercover operatives and train them to blend in. They will, how-
ever, almost always use their own names and personal identifying information. Social media should 
be considered, as information uncovered in this media has successfully identified true motivations and 
potential infiltrators.

The aim in all cases is to protect the organization’s interests while maintaining compliance with all 
applicable employment laws. Legal counsel should review and approve each step of the hiring process, 
as laws vary greatly from one area to another. A release from the applicant must be signed authorizing 
the employer (or a third party, if applicable) to conduct a preemployment background check. The form 
should include an honesty statement where the applicant verifies that all information is accurate and any 
false or misleading information will be grounds for disqualification or dismissal, regardless of when it 
is discovered.

Employers should verify that the information provided to them by an applicant is accurate. This 
involves verification at a minimum of the following basic information:

• The person’s identity

• His or her right to work in the country or location

• His or her current address and all others within the past 5 years

• His or her employment history (typically most recent employment, plus the previous 3–5 years)

• His or her education or qualifications and memberships appropriate to the job

Employment that involves working with animals deserves additional scrutiny and due diligence dur-
ing each phase of the process. Additional checks, such as open-source or Internet mining, antiter-
rorist and/or money laundering databases (these are often free to access), criminal records, driver’s 
license, and credit history, may be required depending on the position being recruited for and job 
duties. Contacting references directly through their place of work also helps to validate each reference’s 
identity.

Interviewers should have sufficient training in how to conduct interviews in a fair, consistent, and 
legal manner. The ability to ask probing questions to get to the core values of the person is essential, 
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particularly about the applicant’s view on the use of animals in research. Circumstances that warrant 
additional scrutiny include

• Relocation from long distances for entry-level positions

• Gaps in employment history

• Prior addresses that are post office boxes

• Nonverifiable previous employers

• A desire to only work with larger species of animals or in certain laboratories or functional 
areas

Questions should be asked concerning an applicant’s personal beliefs about the use of animals in 
research. It is important not to just accept a statement in his or her responses, such as “society accepts 
that it is necessary.” Interviewers should probe further to ascertain the individual’s core beliefs on the 
subject. If a telephone interview was conducted earlier, the interviewer could refer to the applicant’s 
initial response or ask the question in a different way. It is important to have a template of questions for 
consistency, but red flags and follow-ups from the telephone interview should also be addressed. As an 
added security measure, consideration should be given to avoiding telephone interviews, but conducting 
Skype or FaceTime interviews and saving a screenshot of the interviewee to ensure that follow-up inter-
views are given by the same individual.

Interviewers should always use open-ended questions that require a narrative answer and not simply 
a yes or no answer. Questions should also be asked that may cause someone who provided inaccurate 
information to react, such as “Our firm has a standard policy of conducting background checks on all 
hires before an offer is made or finalized. You have already signed a release form. Do you have any 
concerns about that?” and “Tell me about any unexplained gaps in your employment history” (Rosen 
2004). Both of these questions offer the applicant the opportunity to provide additional information and 
the interviewer an opportunity to spot any negative body language or changes in responses that could 
cause some concern.

Interviewers should carefully note verbal and nonverbal behaviors during the interview process. Signs 
of nervousness are typical during the interview process; however, sudden changes in body language in 
response to a particular topic or line of questioning may be a sign of stress or deception.

Things to be aware of should include changes in speech (stuttering, pauses, pitch, or volume), posture 
(crossing or uncrossing arms or legs, holding hand over the mouth, or tapping fingers), and grooming 
gestures (twirling hair, rubbing their arms or legs, wringing their hands, and touching the nose). These 
behaviors are typical signs of nervousness and increased stress. The behaviors typically occur in clusters. 
They should be considered only if they occur repeatedly when a topic is discussed.

Consider the following scenario:

A candidate is being asked routine questions during a preemployment interview. He seems 
relaxed and calm and answers the questions in a sincere manner. The interviewer then asks if the 
person has any objections to the use of animals in research. The candidate suddenly breaks from 
his normally relaxed posture to one that is more rigid. He sits up straighter, crosses his arms, 
and rubs his hands together, and his foot begins to tap on the floor. The person stutters for the 
first time and responds in a higher than normal pitch that he has no objection and recognizes that 
animals are a necessary part of new drug discovery.

The interviewer may consider changing the subject to see if the person’s body language returns to the 
relaxed state. The animal use topic could then be reasked to determine if the interviewee’s behavior 
changes again in response to the question.

While body language alone does not necessarily indicate deception, it can be a useful tool in deter-
mining which areas deserve further inquiry. The interviewee in the above scenario may be deceptive 
about his true feelings concerning the use of animals in research, or there may be another reason for the 
increased anxiety, such as a fear of handling certain types of animals.
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Background screening typically raises internal objections based on the fact that recruiting can be a 
long, costly, and difficult process. An organizational process should be in place to prevent internal pres-
sure to quickly fill positions and supersede a proper and thorough background check. A bad hire is far 
more expensive than an effective and proven background screening program.

Postemployment Supervision

Animal care and use program staff at all levels have a fundamentally important role in identifying 
suspicious behavior among existing employees. Following every infiltration, management or coworkers 
almost always say they thought there was something odd about the individual and his or her behavior. 
To the extent permitted by law and local policies and contracts, new hires should receive close scrutiny, 
both openly and “quietly,” for at least the first year after employment.

Training managers, supervisors, and other members of the animal care and use program to identify 
and report suspicious behavior is an essential part of any security program. Some suspicious behavior to 
be aware of can include

• Employees who repeatedly disregard and violate established security procedures and protocols

• Employees found in areas not associated with their job

• Employees wearing bulky clothing or odd accessories

• Employees excessively questioning and having an exaggerated interest in other departments

• Employees changing their clothes alone and guarding their locker contents (being secretive)

• Employees consistently offering to work late or work alone

• Employees arriving to work at unusual times

• Employees taking part in unusual copying or computer searches

• Employees perceived to be “loners”

Employees with less than 1 year of employment require additional scrutiny and monitoring. Evaluation 
of employees should continue after they are hired, and input from multiple sources (supervisors, fellow 
employees, and other staff) should be considered. Communication and documentation is an important 
part of this process. Some procedures to consider include

• Have periodic meetings with staff to introduce new employees and discuss any concerns. Lab 
managers, supervisors, and veterinarians should be present during these meetings.

• Monitor the activities of new employees and, when practical, make sure they are paired with 
an experienced employee.

• Conduct periodic unannounced inspections.

• Have different badges for employees, contractors, and visitors.

• Restrict unnecessary access to specific locations and information systems.

• Monitor IT network activity and badge swipes.

Contract staff should be held to the same standard of background checks that is applicable to perma-
nent staff. Vendors or staffing agencies should be contractually obligated to perform the background 
checks prior to access being granted. Obtain assurance from the agency that the appropriate screening 
has been undertaken and conduct audits to confirm compliance.

Policies and Procedures

Written security policies and procedures should exist for access control, handling intellectual property, 
and reporting suspicious behavior. Each employee’s access should be restricted to locations and times 
required.
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A policy restricting cellular phones and cameras in animal areas is advisable. It should be understood 
that covert cameras can be disguised as nearly anything. While this policy cannot be effective in pre-
venting someone from wearing a covert camera, it does force the individual to intentionally violate a 
documented security policy. Photography policies also help control legitimate employees from taking 
and distributing unauthorized images.

Visitors, contractors, and housekeeping personnel should always be escorted in animal areas. A copy 
of key company policies, including safety precautions and photography restrictions, should be acknowl-
edged by them prior to accessing the facility.

Written policies should also exist that represent the organization’s culture of respect for animals. 
Employees should be directed not to yell or curse at the animals, or to speak or act in any degrading way 
toward them. In many undercover videos, employees are recorded making derogatory comments about 
the animals they work with. Even if their actions do not rise to the level of their comments, such behavior 
is unprofessional and inconsistent with the reverent attitude that should be fostered for those working 
with research animals.

Not only should animal care and use programs have a zero animal mistreatment policy, but also they 
should have a policy that mandates the reporting of such behavior by coworkers. A clear policy should 
exist that obligates an employee witnessing animal mistreatment, neglect, or unprofessional conduct to 
immediately report it through internal channels. All complaints regarding animal mistreatment should 
be thoroughly investigated. All organizations using animals should make their best efforts to ensure that 
if an individual did wear a covert video and audio device into the facility, the only thing he or she would 
document is high-quality humane animal treatment and the best scientific practices.

Workplace Violence

Workplace violence is a major concern for all employers, and history has shown us that these incidents 
can happen anywhere. The Occupational Safety and Health Act defines workplace violence as any act 
or threat of physical violence, harassment, intimidation, or other threatening disruptive behavior that 
occurs at the work site. It ranges from threats and verbal abuse to physical assaults and even homicide. It 
can affect and involve employees, clients, customers, and/or visitors.

The General Duty Clause, Section 5(a)(1) of the Occupational Safety and Health Act of 1970, requires 
employers to provide their employees with a place of employment that is free from recognizable hazards 
that are causing or likely to cause death and serious harm to employees.

Media reports of workplace violence incidents make it increasingly difficult for organizations to claim 
that these incidents were unforeseeable.

There are currently no specific standards for employers to follow other than a general directive to have 
a workplace violence prevention program. A successful program involves physical security controls, 
procedural controls, and training.

• Physical security controls and environmental design: Physical security controls to consider in 
the plan include windows and doors, access control measures, exit accessibility, lighting, com-
munication systems, and security or police response.

• Administrative controls: Procedural controls include internal policies, procedures and stan-
dards such as preemployment background checks, workplace violence zero tolerance, disciplin-
ary actions, hotlines, employee assistance programs, and procedures for evaluating threats or 
potentially violent individuals.

• Training: Training includes the training of human resources and supervisory personnel on 
the warning signs of potentially violent individuals and de-escalation techniques, and general 
workplace violence training for staff.

There are many types of workplace violence incidents and motivations for them. Violence may be 
committed by complete strangers, customers or clients, and employees on one another, or in personal 
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relationships. An effective workplace violence plan addresses each of these possibilities and the steps 
necessary to prevent them. Some potential situations that pose a threat include

• Former employees who have been laid off or terminated

• Current employees who are being disciplined

• Disgruntled customers or visitors

• Rejected suiters, separation, or divorce situations (particularly those with a history of violence 
or legal protection order)

• Individuals who have exhibited stalking or obsessive behavior

• Employees with alcohol or drug problems, financial difficulties, or emotional problems

• Persons with an intent to commit a crime, such as robbery or sexual assault

• Threats of violence to the facility or individuals working there

Early intervention is an essential part of workplace violence prevention. It is important to train super-
visors on the signs of a potentially violent person. Some of the individual warning signs include

• Intimidating or threatening words or behavior.

• Holding a grudge and blaming others for their mistakes or problems. Feeling victimized and 
talking of getting even with others for a perceived wrong.

• Excessive talk about workplace violence incidents.

• Preoccupation with violence or an extreme interest or obsession with weapons.

• Marked changes in mood or behavior. May include a sudden decline in personal hygiene or 
work performance.

• Depressed or expressed hopelessness.

• Demonstrated violence toward animals or inanimate objects.

Identifying at-risk employees and taking proactive measures can substantially reduce the likeliness of 
a violent incident. All employers should have a plan and train supervisors to recognize warning signals 
and make all employees aware of how to report potentially violent behavior.

Managing and Protecting Data

Research organizations generate not just research data but also sensitive information, including intellec-
tual property, financial, and personnel records. The failure to adequately secure organizational networks, 
IT systems, and/or other electronic assets will be detrimental to the organization (Mortell and Nicholls 
2013). All information has value to an organization and should be managed effectively to safeguard it:

• Confidentiality (disclosure): Data and information can only be disclosed to those that have the 
appropriate permissions and reasons.

• Integrity (authenticity): Data is safe and cannot be manipulated.

• Availability (access): Only staff with the appropriate permissions can access the data quickly 
and easily to conduct their legitimate work.

Most data security measures attempt to stop someone from hacking into the network to steal electroni-
cally stored information. The reality, however, is that insider threats account for the vast majority of data 
and intellectual property theft. A global survey conducted by Symantec indicated that half of employees 
who left or lost their jobs in the last 12 months kept confidential corporate data, and 40% of them plan 
to use it in their new jobs (Symantec 2013). Despite this risk, however, most organizations do not have 
effective methods to control access to data or audit which files were accessed or downloaded.

In order to evaluate the appropriate level of data security, it must first be evaluated and classified based 
on its value, risk, and obligation to safeguard it. There is no one system appropriate for all organizations. 
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Each organization must define and implement a system appropriate for its individual programs and 
requirements. The sample data classification system included in Table 19.2 is an example of such a sys-
tem created from combining multiple open-source systems.

Compliance with privacy laws can be difficult, as laws governing data collection, storage retention, 
and use differ greatly from one jurisdiction to another. National, regional, and local laws may have spe-
cial (sometimes more restrictive) requirements.

Data should be classified and protected based on its importance and sensitivity, regardless of its stor-
age medium. Large collections of data in spreadsheets and databases may require additional control 
measures, even if they do not clearly fit into the classification table.

Classification of information is not enough on its own. The journey of information through an orga-
nization should be a documented process with an auditable trail. For example, data for a study might 
start in the animal’s holding room; pass through a level of technicians, supervisors, and managers before 
going to the study director; and ultimately end up in a records archive area. Printed and electronic stor-
age of information should be considered. Each aspect of data storage and transfer has vulnerabilities that 
should require appropriate security measures. Each station along the route may have separate security 
controls, access control systems, and storage mediums. Mapping the process data flows through the orga-
nization helps identify potential weaknesses and provides opportunities to designate the appropriate and 
necessary safeguards that should be applied. A sample data flow process is represented in Figure 19.8.

In addition to data collected in the research setting, there is also confidential information, including occupa-
tional health and safety, personnel, and security data. The measures in place to protect data must be measured 
against the importance of the data to the organization, as well as regulatory requirements to safeguard it.

Human error plays a role in almost all data breaches. Most employees do not intentionally put informa-
tion at risk, but do so because of ignorance, not being vigilant, or because they do not follow established 
protocols. All employees should understand their role in managing information security. Some preven-
tive measures individuals can take at their desks or workstations include

• Getting into the habit of locking computer screens before leaving them unattended

• Having a clear-desk policy, using data classification to ensure confidential and/or sensitive 
information is properly stored

• Properly destroying confidential waste paperwork

Ongoing training is necessary to reinforce good information security practices. The human element can-
not be eliminated, so it is necessary to supplement it with procedural and technical solutions.

TABLE 19.2

Sample Data Classification System

Classification Description Examples

Public Nonconfidential or publicly available 
information

Press releases, job postings, information on publicly 
accessible websites, and marketing material 

Internal Benign information that an organization 
chooses to keep confidential

Employee lists, business partnerships, client lists, 
capacity, employee salaries, internal memos, or 
operating expenses 

Confidential Sensitive data that could cause harm if 
disclosed; access should be restricted only 
to those with a need to know

Individual employment files, employee salaries, legally 
privileged information, information covered under 
Family Educational Rights and Privacy Act (FERPA), 
and financial records covered by the Gramm–Leach–
Bliley Act or similar regulations or policies

Restricted use Extremely sensitive information that is 
obligated to be safeguarded in the most 
stringent manner; includes information 
that would trigger notification to 
individuals, clients, or regulatory agencies 
if compromised

Data controlled by U.S. government, classified data, 
financial account numbers covered by the Payment 
Card Industry Data Security Act (PCI-DSS), medical 
records covered under the Health Insurance 
Portability and Accountability Act (HIPAA), 
contractual obligations, and IT system passwords
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Social Engineering

The human element of security is by far the weakest link in the security chain. Physical security systems 
and advanced technology have helped strengthen security operations, but these controls can be easily 
defeated in the face of human manipulation and persuasion. Social engineering is a process by which a 
person attempts to obtain privileged or confidential information that he or she is not privileged to have 
by the use of deception or trickery.

Social engineering principles rely on the notion that human trust can be manipulated, or engineered, 
to retrieve desired information. People generally have a natural inclination toward helping others and 
usually assume trust to avoid conflict. Furthermore, people will reveal information they believe to be 
innocuous. It is therefore important to grade the information on its value and properly train employees 
on how to safeguard it.

Social engineers target the research industry for a variety of reasons, including recruiting, unsolicited 
sales, competitive intelligence, insider trading, fraud, and investigative journalism. Animal rights and 
other social justice activists also engage in social engineering to gather information to further their 
cause. The social engineering process is usually engaged in over the phone by way of a pretext phone 
call, by e-mail, or by social media. These methods afford anonymity and little chance of detection for 
the information seeker, aiding in the success of the social engineering process.

Pretext Interactions

Establishment of a pretext, or seemingly legitimate use, is usually part of the social engineering 
process. Activists may make pretext phone calls to the organization in an attempt to gain informa-
tion valuable to their campaign. Information of value to activists may relate to employee personal 
and contact information, types of research programs and projects, animal study models, company 
business associations, company meeting information, third-party contracts, facility addresses, facility 
layouts, and security standards. Activists may make pretext phone calls to receive tacit confirmation 
of an idea they believe to be true. For example, an individual may assume a certain facility houses 
nonhuman primates. This individual may call the research organization and, by asking a benign ques-
tion about primates, may be able to persuade the person answering to make some sort of admission or 
confirmation.

The first step in the pretext phone call is the establishment of the pretext, or the invented scenario, 
that affords the caller the legitimacy needed to persuade the recipient of the call to release information. 
Pretext callers typically research their target entity, so they may act knowledgeably about the company 
or related subject matter. The social engineer can engage in a number of simple tactics to collect what 
seems to be “inside” information, including names of company employees and key executives, company 
events, operations, protocol, and other pieces of information that can help establish legitimacy. Internet 
research, information from former employees, dumpster diving for documents and evidence, and sur-
veillance are all means an individual may use toward gaining information that may be used to establish 
credibility and gain the confidence of his or her target. Pretext callers may hold themselves out to be a 
legitimate employee; an employee from a different department, facility, or office within the same orga-
nization; a representative of a known company affiliate or contractor; a legitimate third-party inquirer; 
or a government regulator.

Risk is spread company-wide and must be controlled at all levels of the organization. Employees 
should have a clear understanding of what type of information needs to remain confidential and secure, 
and how to maintain it. Security orientation and training should be held upon hire and periodically 
throughout employment to reiterate security standards. When it comes to an animal use and care pro-
gram, information that may seem benign and harmless to an employee may provide a gold mine of 
information for activists. A policy clearly defining information that should only be given out in person 
to trusted, designated individuals would reduce the chance that sensitive information is provided to an 
unauthorized party. As a general rule, employees should provide publicly relatable information or refer 
the caller to a management official responsible for public affairs.
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Addressing Suspicious Phone Calls

Organizations should establish a strict policy regarding the disclosure of sensitive information over the 
phone. For example, it is a good practice to have a policy that prohibits the disclosure of sensitive information 
over the phone to individuals that one has even the slightest reservations regarding their identity. If a caller 
requests sensitive information, establish a policy whereby these inquiries are handled via a return phone call. 
In this way, a caller’s contact information can be taken and the request forwarded to an appropriate party. If 
the caller declines to provide contact information or hangs up, the call may have been a social engineering 
attempt. In the event of a suspicious phone call, the following are useful tips in dealing with the caller:

• Remain calm and do not become intimidated by the caller. The caller should not be permitted 
to sway the recipient of the call into providing information by way of appeals to authority or 
threats of supervisory action.

• Listen carefully and take notes during the call. Take care to include information regarding the 
likely age, gender, or any identifiable accent of the caller. This will provide an opportunity for a 
staff member to identify the voice later, if the same individual attempts additional phone calls. One 
should also listen for background noises that may help to identify the point of origin of the call.

• Be polite and show interest in the caller’s stated concerns. Doing so will likely keep the caller 
calm and talking.

• It is preferred that any requests for information about the organization be deferred to allow time 
for the legitimacy of the call to be verified. Advise the caller that permission must be given 
from a senior staff member to provide the information the caller is seeking. Ask for the caller’s 
name, address, and phone number, and carefully document this and other information the caller 
may supply during the conversation.

• Assess the caller’s response to answers given. If they are unreasonably agitated by requests for 
standard information, such as their name and contact information, it could be an indication that 
the suspicions are well founded.

• At the conclusion of the conversation, carefully record the date and time of the call and initial 
any notes for future reference.

Suspected social engineering attempts should be followed up on in accordance with established company 
guidelines. Callers may attempt to place multiple calls to different employees in search of the informa-
tion they desire. Quick action could thwart this type of subversion. A sample suspicious caller form is 
included in Appendix 19.3.

Phishing

Phishing is a form of social engineering that is done via e-mail. The phisher may request information or 
may ask the user to take an action, such as follow a link or open an attachment. The link may take the user 
to a website that resembles a legitimate website in an attempt to get the user to divulge personal information, 
passwords, or other confidential information. E-mail attachments can direct the user to a bogus website or 
download a malicious code, such as a virus, virus detection hoaxes, ransomware, or keystroke loggers.

Employee awareness campaigns should be conducted to reinforce prevention. It is not just sufficient 
to train new employees at the time of hire. Threats change and security topics should be constantly 
reinforced to be effective. E-mail reminders and posters around the facility are one way of continually 
reminding employees of potential risks. Topics that should be conveyed to employees include

• Be suspicious of all e-mail attachments, including those sent from friends or coworkers. Scan 
all attachments for malware prior to access, including opening or executing the attachment.

• Never open attachments or click on hyperlinks in e-mails sent from unknown or untrusted senders.

• Do not plug unknown media, such as jump drives and CDs, into computers.

• Report suspicious e-mails or activity to appropriate personnel.
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Malware

Malware is often present in e-mail attachments, or can be automatically downloaded and installed on 
computers when hyperlinks are clicked on. The e-mail may appear to come from a legitimate source, 
including a colleague or supervisor. The consequences are not always immediately apparent, as the mal-
ware could be set to activate at a certain date and time, or may work in the background.

This is particularly true when it comes to animal rights–related websites. Company or personal com-
puters should not be used unless special precautions are undertaken. Many of these websites have a 
malicious code on them and track the IP addresses of anyone visiting their site. They often post the 
names of companies who did so. Online monitoring of activist activity should not be done without care-
ful consideration. It is suggested that filters be put in place to block activist websites from organizational 
computers, as these sites may contain malware. Employees should be trained to be suspicious of requests 
to download applications or to install “add-ons,” such as ActiveX components or strange multimedia 
players. Never download or install software from unknown or untrusted websites.

Cyber-Squatting

Cyber-squatting is the registering, selling, or using of a domain name with the intent of profiting from 
the goodwill of someone else’s trademark. The cyber-squatter may register domain names containing 
variations of popular trademarks. This method relies on the high probability that individuals will make 
typographical errors when entering domain names into their web browsers.

The motivation for cyber-squatting may be financial gain, identity theft, or gathering confidential 
information. An individual may register a bogus site that is similar to a trusted website domain of a 
company or trade association. The individual may even make the fake website look exactly like the one 
in question. He or she will then attempt to capture confidential information from visitors who attempt to 
log in to a private part of the website or who attempt to make online purchases. Unsuspecting individuals 
may enter their usernames and passwords, believing they are on the website they intended to visit (INA 
2012). E-mail domains are also registered so that anyone mistyping an e-mail address could accidently 
e-mail important documents to the scammers. Animal rights activists have used this tactic to gain infor-
mation about animal studies and research programs.

• Be cautious when following links within e-mails to make sure you are not redirected. Type it 
manually if you are suspicious.

• Be cautious when typing website URLs or e-mail addresses.

• Check variations of your organization’s web address to ensure other variations of the website 
have not been registered for nefarious purposes.

• Purchase similar domains to your organization’s domain to ensure no one else does.

• Take legal action, if necessary, to protect your organization’s name or brand identity.

Social Media

Social media is a wonderful tool for people to remain connected. It is also a wonderful tool for those 
with malicious intent to gather information. Activists monitor social media and use it as a tool to develop 
information. Not using privacy restrictions or accepting a friend request from an unknown or unverified 
individual could have serious consequences.

Organizations should have a social media policy that limits what information employees may post 
on social media. Employers cannot control everything employees post on personal social media pages, 
but they can dictate that proprietary and confidential information not be disclosed. The policy should 
prohibit employees from divulging confidential information, which includes the types of animals used 
in research studies, clients’ names, and security protocols. The posting of photographs taken within 
the facility should be strictly prohibited. It is important not to make this policy overreaching, as legal 
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decisions allow employees to discuss the terms and conditions of their employment. Legal council should 
review social media policies before implementation.

Malware is increasingly spread through social networking sites by installing nefarious third-party add-
on applications or by clicking on hyperlinks in messages. Additionally, there seems to be a false sense of 
security when using social media. Social media awareness programs should remind employees to

• Utilize security settings to privatize their social media accounts

• Have a strong password and change it periodically

• Never accept a friend request from an unknown and unverified profile

• Only install third-party social networking applications that are approved by IT

• Never click on hyperlinks in messages from unknown or untrusted contacts, and avoid clicking 
on message hyperlinks sent from trusted contacts unless they are certain where doing so leads

The possibility of a data breach is substantially reduced in companies who embrace a strong infor-
mation security culture. Such a program can only be successful if it is adopted by staff at all levels and 
becomes a routine part of operations. Management must embrace information sharing rules and not 
make requests that would induce an employee to violate them. Once information is revealed, it can never 
be retracted and can be detrimental to an individual or organization. Efforts must be made to mitigate 
the security risk that humans pose to even the most advanced security programs.

Conclusion

Security is an ongoing process, and security adaptation to emerging risk is not something that is perma-
nently achieved. Risk factors will change over time, and an effective program must evolve and adapt. 
A risk-based approach should be taken to ensure the maximum return on investment. Risk mitigation 
programs should include physical security measures, effective policies and procedures, and ongoing 
employee awareness.

The unpredictable human element of an organization will never be fully eliminated, but efforts can 
be made to strengthen it. A program that includes continuous employee education is an organization’s 
best defense.

Security is often looked at as a burden or cost center within organizations. It is impossible to mea-
sure or quantify the deterrence value or return on investment for security measures. Increasing security 
awareness is essential to gain support for security initiatives. It is also important to gain buy-in at all 
levels of the organization, especially from scientists and research staff, who frequently balk at the per-
ceived “excessive” emphasis on security. All organizations have a duty to protect people, property, and 
data. Animal care and use programs have an increased responsibility—that of safeguarding the animals 
entrusted to them.

APPENDIX 19.1: GUIDELINES FOR MANAGING PROTESTS
• Lock or monitor lobby and exterior doors.

• Notify local police and security immediately.

• Do not attempt to engage or communicate with activists for any reason.

• Conceal your company ID, if visible.

• Avoid leaving the building during the demonstration, if possible.

• Postpone any deliveries, if possible.

• Instruct employees not to watch or videotape the protest.

• Expect that you are being videotaped.
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APPENDIX 19.2: SAMPLE BOMB THREAT FORM

Be calm. Be courteous. Listen. Do not interrupt the caller. Notify your supervisor/security department by a prearranged 
signal while the caller is on the line, if possible.

Date: _____________ Time: _____________

Exact words of person placing call:

Ask the following questions:

 1. When is the bomb going to explode?
 2. Where is the bomb right now?
 3. What kind of a bomb is it?
 4. What does it look like?
 5. Why did you place the bomb?

Try to determine the following: (Circle as appropriate)

Caller’s identity: Male Female Adult Juvenile Age ____ years

Voice: Loud Soft High pitch Deep raspy Pleasant Intoxicated

Other___________

Accent: Local Not local Foreign Region _______________________

Speech: Fast Slow Distant Distorted Stutter Nasal

Slurred Lisp

Language: Excellent Good Fair Poor Foul Other ________________

Manner: Calm Angry Rational Irrational Coherent Incoherent Deliberate

Emotional Righteous Laughing Intoxicated

Background 
noises:

Bedlam Trains Animals Music Quiet Voices

Airplanes Traffic Party Atmosphere Office machines Factory machines

Caller ID information: ____________________________________

Additional information:

Notify your supervisor and talk to no one about the incident until they instruct you to do so.

____________________________
Receiving telephone number

___________________________________
Person receiving call
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APPENDIX 19.3: SAMPLE SUSPICIOUS PHONE CALL FORM

Be calm. Be courteous. Listen. Do not interrupt the caller. Notify your supervisor/security department by a prearranged 
signal while the caller is on the line, if possible.

Date: _____________ Time: _____________

The following response guidelines are suggested in the event of a suspicious phone call:

• Remain calm and do not become intimidated by the caller. Do not let the caller sway you into providing information 
by way of appeals to authority or threats of supervisory action.

• Listen carefully and take notes during the call. Take care to include information regarding the likely age, gender, and 
any identifiable accent, if possible.

• Advise the caller that you must seek permission from a senior staff member to provide the information that he or she 
is seeking. Ask for the caller’s name, address, and telephone number, and carefully document this and other 
information that the caller provides.

• Immediately notify a supervisor. It is not unheard of for callers to place multiple calls to different employees in 
search of the information they desire.

What did the caller ask for or say?

Try to determine the following: (Circle as appropriate)

Caller’s identity: Male Female Adult Juvenile Age ____ years

Voice: Loud Soft High pitch Deep raspy Pleasant Intoxicated

Other___________

Accent: Local Not local Foreign Region _______________________

Speech: Fast Slow Distant Distorted Stutter Nasal

Slurred Lisp

Language: Excellent Good Fair Poor Foul Other ________________

Manner: Calm Angry Rational Irrational Coherent Incoherent Deliberate

Emotional Righteous Laughing Intoxicated

Background 
noises:

Bedlam Trains Animals Music Quiet Voices

Airplanes Traffic Party Atmosphere Office machines Factory machines

Caller ID information: ____________________________________

Additional information:

Notify your supervisor and talk to no one about the incident until they instruct you to do so.

____________________________
Receiving telephone number

___________________________________
Person receiving call
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USEFUL RESOURCES
Industry Resources

Americans for Medical Progress: www.amprogress.org
National Association for Biomedical Research: www.nabr.org
States United for Biomedical Research: www.statesforbiomed.org

Disaster Preparedness

www.ready.gov
www.dhs.gov
www.fema.gov

Risk Assessment Help

www.cabinetoffice.gov.uk/content/risk-assessment

Insider Threat Best Practice

Federal Bureau of Investigation: https://www.fbi.gov/investigate/counterintelligence; www.cert.org/insider 
-threat/best-practices

The Common Sense Guide to Mitigating Insider Threats, Fourth Edition: www.sei.cmu.edu/reports/12tr012 
.pdf

Centre for the Protection of the National Infrastructure—Insider Data Collection Study: https://www.cpni.gov .uk

Lighting

Illuminating Engineering Society: www.ies.org

Removing Personal Details Online and Data Protection

https://ico.gov.uk

Check Your Online Impression

www.pipl.com
www.zabasearch.com

Check Your Password Strength

www.passwordmeter.com

Workplace Violence

https://leb.fbi.gov/2011/january/workplace-violence-prevention-readiness-and-response
http://www.bjs.gov/index.cfm?ty=pbse&sid=56
https://www.osha.gov/SLTC/workplaceviolence
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Environmental Factors: Macroenvironment 
versus Microenvironment

Margaret C. Hogan, John N. Norton, and Randall P. Reynolds

Introduction

Animals used in research, teaching, and testing are complex living creatures that respond to environ-
mental parameters. Whether living in a tightly controlled internal environment or an outdoor environ-
ment subject to weather changes, animals, through their physiological and behavioral processes, will 
respond to various stressors in their environment (Hale 1969; Sossinka 1982; Price 1984). Even subtle 
changes in the living and experimental environment can lead to confounding and variable research 
outcomes. Although the effects of the environment may not be readily noticeable to the investigator, 
variations may occur, resulting in research variability and potentially erroneous conclusions (Roe 1965; 
Magee 1970; van der Touw et al. 1978; Chvedoff et al. 1980; Kokolus et al. 2013). Arguably, the degree to 
which environmental variables influence research outcomes may not be appreciated by many research-
ers (Vesell and Lang 1976; Clough 1982; Siegel 2011; Bustin 2014), when their focus is on controlling 
direct experimental variables inherent in their research. Recently, there has been renewed emphasis 
regarding reproducibility in animal research outcomes (Siegel 2011; Bustin 2014), whether research is 
conducted between different research facilities or within the same facility, and an increased emphasis 
on the reporting of conditions that can cause variability when animals are used in research (Kilkenny et 
al. 2009, 2010).
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The use of animals, whether in research, teaching, or testing, is governed by regulations, policies, and 
guidelines (Bayne and Anderson 2015). These documents commonly describe the care and use expecta-
tions for various species and delineate the common environmental variables, such as housing require-
ments, sanitation, feed, water, lighting, and temperature. Animal well-being directly correlates to the 
appropriateness of the many environmental variables, whether physical, nutritional, or social enrichment 
(Yousef 1985; Curtis 1986; Baker and Lipman 2015). Environmental conditions should minimize stress, 
illness, mortality, injury, and behavioral problems. Controlling environmental variables (Figure 20.1), 
along with the provision of appropriate husbandry, is crucial for the appropriate use and well-being of 
animals.

When attempting to control and minimize the effect of environmental variables on laboratory ani-
mals, the design and management of the research facility is paramount (Hessler 1999). The modern 
research facility, with specialized housing rooms and caging systems, provides an environment where 
surrounding variables are minimized regardless of species, thus creating an optimal setting and prevent-
ing perturbations of the data. In contrast, natural environments commonly used for agricultural, aquatic, 
and traditional nonrodent species and field studies are inherently prone to variance in environmental 
conditions, thus producing perturbations of generated data. Additionally, natural environments are well 
suited for colonies of breeding animals or holding animals until needed for use. Natural environments 
can subject animals to weather events, such as summer heat, winter storms, and noise. The animals 
need to acclimate, and appropriate shelter and wind breaks may be needed to ensure animal well-being. 
Regardless of the type of environment, proper housing and management are essential to ensure animal 
well-being and the quality of research data obtained from the animals. Qualified and dedicated person-
nel who adhere to well-conceived operating procedures for the facility create an environment that results 
in high-quality animal care.
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FIGURE 20.1 Environmental factors that can influence the health, well-being, and research outcomes in animals.
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The animal’s environment consists of both the micro- and the macroenvironment. The microen-
vironment refers to an animal’s primary enclosure, which includes the immediate area surrounding 
the animal, either in an aquarium, cage, pen, or stall, and is the environment in direct contact with 
the animal (FASS 2010; NRC 2011). Animals are exposed to the conditions within the microenviron-
ment, such as temperature, humidity, noise, vibration, and air composition. The physical conditions 
surrounding the microenvironment are defined as the macroenvironment, which is composed of the 
room, barn, or pasture (NRC 2011). In many situations, the microenvironment is identical to the mac-
roenvironment due to open caging systems or natural housing environments. In contrast, the microen-
vironment can be substantially dissimilar to the macroenvironment due to the design of the primary 
enclosure. Ventilated caging systems permit different microenvironments to exist within the same 
macroenvironment. For example, by providing increased high-efficiency particulate air (HEPA)–
filtered airflow to and from each cage, the cages on one rack could be positive pressure, relative to the 
macroenvironment, to prevent entry of infectious agents, and the cages on another rack could be nega-
tive pressure to prevent the escape of infectious agents. The microenvironment and macroenvironment 
should be appropriate for the genetic background and age of the animals and the purpose for which 
they are being used.

The following sections discuss some considerations of the macro- and microenvironment related to 
research animals.

The Macroenvironment

The macroenvironment must be maintained in a manner that will provide stable, comfortable, and clean 
living conditions for the animals. Some factors that must be addressed are lighting, air quality (e.g., air-
flow, temperature, and humidity), minimal noise and vibration, and proper sanitization practices.

Lighting

Appropriate lighting is crucial to an animal’s physiology and behavior (Dauchy et al. 2013a, 2013b), and 
alterations in light cycle, intensity, or spectrum may lead to stress (Stoskopf 1983). In addition to dura-
tion, intensity, and wavelength, the species and strain of the animals are also factors to consider (NRC 
2011) for the macroenvironment.

Lighting should be diffused evenly throughout the macroenvironment to provide for the animal’s 
specific lighting requirements and provide sufficient light to perform husbandry, sanitation, and animal 
health evaluation procedures. Lighting should be at appropriate levels regardless of the animal’s location 
in the room (NRC 2011). In the United States, most animal research facilities follow the recommenda-
tion of 325 lux (30 foot-candles) approximately 1 m (3.3 ft) above the floor for routine animal housing 
(NRC 2011). This lux level has been deemed appropriate for accommodating husbandry, veterinary, and 
research activities without causing retinal damage to albino rodents (Schofield and Brown 1996; Faith 
and Huerkamp 2009). European guidelines further stipulate that darker areas for withdrawal should be 
available within the animal enclosures (Council of Europe 2006).

To control light intensity and provide appropriate lighting for a variety of species, most modern animal 
research facilities are designed to include two-stage lighting systems. With two-stage lighting, lux can 
be set at a low level to accommodate albino rodents or at higher levels for animals with normally pig-
mented eyes. The lighting can also be adjusted for specific research needs or to accommodate husbandry 
activities. Some of the more sophisticated systems that control two-stage lighting are computer based 
and can be administered from the desktop or by remote access by way of a variety of mobile devices. 
Preprogrammed illumination override switches are often available at the room level for short-term use. 
These systems help to eliminate the possibility of unauthorized room-level alteration of light intensity 
and may even generate alarms if lighting parameters are out of prescribed ranges.

Research facilities are designed to provide a controlled light environment that prevents outside envi-
ronmental influences, such as natural lighting, from creating variances from programmed photoperiods. 
Light cycles should ensure that animal health is not compromised and should provide for normal diurnal 
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and circadian rhythms. Light cycles that provide 12–14 hours of light daily are appropriate for most 
laboratory animals (Lipman 2007; Pritchett-Corning et al. 2011).

Since most human activity in a research facility normally occurs during the day, the most widely used 
photoperiod in animal research facilities is illumination during the day and dark at night. During this 
cycle, animal holding room lights are on during the vivarium’s normal business hours and at an accept-
able illumination level to permit routine husbandry, veterinary care, and research activities. However, in 
some situations researchers choose reverse light cycles, where lights are off during the day and on dur-
ing the night. Since rodents are nocturnal animals, their highest level of activity is during the day when 
housed under a reverse light cycle. This type of photoperiod is convenient for researchers to observe noc-
turnal activities and behavior during daytime hours, but presents challenges for the daily operation of the 
animal facility. Red spectrum lighting and night vision goggles can alleviate some of the human vision 
challenges and allow staff to safely carry on with daily activities. Red spectrum lighting works because 
of a difference in the cells that make up the retina of the rodent and human eye (Faith and Huerkamp 
2009; Pritchett-Corning et al. 2011; NIGMS 2012); rodents cannot perceive red light, while humans can 
see this wavelength of light. Wavelength filtering materials, such as commercially available red film over 
light sources, will provide a perceived dark environment for rodents, but humans can continue daily 
operations in the red light illuminated environment. Red wavelength illumination can be generated by 
door window tinting, fluorescent bulb sleeves, or tube guards. Although red spectrum lighting is widely 
recognized for allowing a safe working environment for humans, emerging literature points to evidence 
that continuous exposure to red spectrum illumination is not without negative implications for laboratory 
rodents. A recent study showed evidence of marked changes in circadian hormone rhythms and plasma 
corticosterone in nude rats that were housed in red-tinted cages (Dauchy et al. 2013b). As an alternative 
to using red spectrum lighting, Faith and Huerkamp described the benefits of sodium (vapor) lamps, 
which have wavelengths at the margins of what rodents see, but in the visual field of humans. They 
provide sufficient light levels for humans but dull the light for rodents to a level that allows nocturnal 
behavior (Faith and Huerkamp 2009).

Advanced electronic lighting systems, such as the Lutron System™ (Lutron Lighting Systems, Inc., 
Cooperstown, Pennsylvania), are capable of phototransition. This is the gradual change in a photoperiod 
by slowly increasing or decreasing light levels, creating a dusk-to-dawn effect instead of a sudden change 
in illumination. Sudden changes in illumination intensity or light cycle can elicit a startle response in 
animals. For example, birds not accustomed to programmed photoperiods may take flight and collide 
with walls or other obstacles when unexpectedly subjected to darkness (Faith and Huerkamp 2009). 
Some aquatic species require transitional lighting to stimulate feeding, cleaning, and comfort behaviors 
(Stoskopf 1983).

It is widely recognized that appropriate light cycles are extremely important for maintaining natu-
ral circadian rhythm, which determines when the body should be awake or asleep. Deviations from 
natural photoperiods cause disruptions in circadian rhythm and can have detrimental effects on the 
brain, body function, and behavior (Lipman 2007). When mice were subjected to a 20-hour photoperiod 
(10 hours light and 10 hours dark) for 6–8 weeks, they exhibited profound changes in cognition and 
physiology, increased body temperature, disruption of normal hormone levels, and increased weight 
gain (Karatsoreos 2009). Other studies have shown that photoperiod changes resulted in behavioral 
alterations (e.g., increased aggression), as well as changes in reproduction and increased susceptibility 
to cancer and infectious disease (Kennaway 2005; Dauchy et al. 2011). Since unscheduled disruptions in 
photoperiods can be devastating to research outcomes, lighting should be electronically controlled and 
regularly monitored to ensure that cycles remain consistent. If cycle timers fail or override switches are 
not functioning properly, lights can remain on or off for long periods of time outside the scheduled pho-
toperiod. The lighting parameters should be controlled and documented by the building environmental 
monitoring system and alarm if room parameters deviate outside of a specified range. During the light 
“on” period, task lighting in rodent rooms should be provided by override for a time-limited period 
before returning to the programmed lighting levels and schedule. During the lighting “off” period, the 
room lighting should be provided via override in the red spectrum for a time-limited period. Care should 
also be taken to eliminate disruption caused by light contamination during the dark period, caused by 
light leaking around and under door frames or unprotected windows. Digital displays on ventilated rack 
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blowers or other equipment maintained in the animal room may also emit enough light to disrupt a dark 
cycle (Dauchy et al. 2011).

Historically, animal research facilities have used overhead fluorescent lighting fixtures to provide 
illumination in corridors, as well as in animal holding rooms. Generally, these are ballast–lamp systems 
holding cool white fluorescent (CWF) tubes that emit sufficient light levels in an appropriate wavelength 
to enable the human eye to adequately evaluate and work with the animals. In addition, most CWF fix-
tures produce the wavelength and spectral pattern of natural light (Hessler 2009). Fluorescent fixtures 
are also available in a wide variety of colors, and there is growing research interest in evaluating the 
effects of different light spectrums on animal physiology. In addition to color variety, the environmental 
impact of lighting fixtures is now a consideration in vivarium lighting. One of the newest environmen-
tally friendly concepts is the introduction of light-emitting diodes (LEDs), which, at appropriate levels, 
have been shown not to interfere with circadian rhythms or cause phototoxic effects (Hessler 2009). 
Although LED lighting is usually more expensive initially, it consumes less power and operates longer 
than traditional light fixtures. Another option for room lighting is augmentation with natural lighting 
through windows or sky lights. This is infrequently recommended in animal research facilities because 
of the inability to strictly control photoperiods, but can be part of an environmental enrichment program 
for higher-level species, such as nonhuman primates or farm animals housed in research facilities.

Heating, Ventilation, and Air-Conditioning

Ensuring consistent, species-specific temperature and humidity in an animal room is critical for ani-
mal thermoregulation, to maintain normal physiology, and to promote natural behavioral tendencies. 
Species-specific room-level, dry-bulb temperature tolerance ranges for common laboratory species are 
listed in the Guide for the Care and Use of Laboratory Animals (Guide) (NRC 2011). (The dry-bulb 
temperature is the temperature of the air measured by an ordinary thermometer.) Temperatures in the 
Guide for rodents are typically set lower than their thermoneutral zone (the temperature range where the 
animals do not need to gain or lose heat) to prevent heat stress during periods of activity. The addition of 
nesting material is important to keep mice warm when at rest. Since wide fluctuations in temperatures 
can be detrimental to animal health and well-being, temperatures should be maintained at a set point 
toward the middle of the range and within 2° of the set point. For example, if the desired temperature for 
a rodent room is 70°F, the room temperature should remain between 68°F and 72°F. Wide fluctuations in 
temperature can produce metabolic and behavioral responses that can confound research results or alter 
an animal’s response to research procedures (Hessler 2009). Temperature extremes can cause a reduction 
in breeding, a decrease in food intake, increased disease susceptibility, and disturbances in sleep–wake 
patterns (Laber and Gonder 2007; Lipman 2007; Faith and Huerkamp 2009). Macroenvironmental fluc-
tuations and high rates of intracage ventilation can be mitigated at the cage level by providing appropri-
ate nesting materials or nesting boxes that can aid in thermoregulation. These materials provide a choice 
for animals to build nests, take shelter in a box, or burrow into bedding in response to environmental 
conditions inside the cage (Baumans et al. 2002; Gaskill et al. 2009, 2012).

Relative humidity (RH) is another component of the macroenvironment that could have detrimental 
effects on animal health if not maintained within tolerable ranges. There is a wider range of control 
for humidity (30%–70%) than temperature, but extreme variations from recommended RH should be 
avoided (NRC 2011). Although these values are based on tolerable ranges for most mammalian spe-
cies, maintaining consistency in RH is important for all animals used in biomedical research. Extreme 
fluctuations have been shown to impede an animal’s rate of heat loss, impact normal activity, and cause 
changes in normal amounts of food intake (Faith and Huerkamp 2009; Rosenbaum et al. 2010; NRC 
2011). Certain species can develop dermatitis or flaky skin, and rats can develop ringtail from pro-
longed periods of exposure to humidity below 30% (Schofield and Brown 1996; NRC 2011). RH that is 
extremely high can also influence conditions in the microenvironment, such as increased moisture levels 
in the bedding, cage wall condensation, higher cage temperatures, food spoilage, and bacterial genera-
tion of ammonia (Burn and Mason 2005; NRC 2011).

Considering the ramifications of uncontrolled environmental conditions, temperature and humid-
ity should be monitored and recorded on a regular basis. Equipment as simple as a room-level 
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hygrothermometer or a sophisticated, facility-wide electronic environmental monitoring system can ensure 
that animals are not subjected to extended periods of extreme temperature and humidity fluctuations.

Air Quality

The quality of the air at the room level not only impacts animal health but also is an important component 
of creating a safe environment for personnel working in animal facilities. One of the most common occu-
pational hazards for animal care staff or others working in animal facilities is the development of animal-
related allergies or increased sensitivity to allergens (NRC 1997; Harrison 2001). The quality of the animal 
room air is affected by the particulate load of a variety of particles, such as animal dander and dust gener-
ated from animal bedding, by gases such as ammonia vapors and by infectious agents from both animals 
and humans. Most research institutions control the quality of room air by exchanging the entire volume of 
the air with 100% outside air at a set rate per hour, based on the type of caging or species housed within the 
room. The number of times the room air is replaced per hour is referred to as air changes per hour (ACH). 
Exchanging the volume of the room air can also aid in reducing heat load, decreasing RH, and replacing 

carbon dioxide generated by animals and humans with oxygen. Ten to fifteen constant volume ACH are 
recommended in most animal housing rooms, but these recommendations do not take into account the 
variations in heat load; the size, species, and numbers of animals; the room design; and the microenviron-
ment (NRC 2011). Setting of ACH at the higher end of the suggested range may be unnecessary and a waste 
of energy. Conversely, at the low end, a room that is heavily populated or housing a significant number of 
large animals could be underventilated at 10–15 ACH, leading to increases in temperature, RH, particu-
late counts, and noxious odors. In order to ensure a higher level of air quality, modern facilities frequently 
consult with engineering specialists to include computational fluid dynamics (CFD) analysis when design-
ing heating, ventilation, and air-conditioning (HVAC) systems for new construction. Computerized CFD 
software effectively evaluates how air will enter, circulate, and exit the room based on volume of air and 
dynamics created by the air entering the room, in conjunction with the placement of supply and exhaust 
registers (Norton and Brouwer 2009). This analysis utilizes various types and amounts of caging planned 
for each room, as well as variations in species. Obvious flaws will be identified, and adjustments can be 
made to provide the best possible macroenvironment for animals and humans.

Noise and Vibration

Noise and vibration have been shown to affect many behavioral and physiological parameters in animals and 
can be a confounding variable in research studies (Anthony and Harclerode 1959; Buckley and Smooker 1970; 
Turner et al. 2005, 2007; Small and Dietrich 2007). As a result, the current edition of the Guide has placed 
emphasis on taking steps to control the effects of these factors (NCR 2011). Although both sound and vibration 
can adversely affect animals, it is not a simple matter to determine what magnitudes and frequencies of sound 
or vibration are problematic. The information below summarizes the relevant scientific properties of these 
factors and what is currently known about the effects of sound or vibration on laboratory animals.

Sound and vibration are forms of energy that travel in waves, with sound being perceived by what 
we hear and vibration by what we feel. These waves have both amplitude and frequency (Figure 20.2). 

Amplitude

One cycle 

FIGURE 20.2 Depiction of sound or vibration wave demonstrating the amplitude (intensity) and wave cycle of sound or 
vibration.
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The amplitude indicates the intensity of the sound or vibration and is represented by how far the peak of 
the wave moves past the neutral position. The frequency is the amount of time that it takes to complete 
one cycle from a point on one wave to the same point on the next wave. The term hertz is used as a unit 
of measure for frequency and is the number of cycles per second. One hertz is one cycle per second 
(Crocker 2007). As discussed in the text below, both the amplitude and frequency have to be considered 
when determining the effects of sound or vibration on laboratory animals.

Noise

The amplitude of sound can be measured in decibels. As a sound wave moves through the air, it creates 
pressure. The measurement of this pressure relative to the sound pressure at the hearing threshold can be 
expressed as “decibels (sound pressure level)” or “dB (SPL)” (Crocker 2007). In Figure 20.3, the hearing 
threshold curves in dB (SPL) at various frequencies are approximated for the human, dog, and mouse. 
The rabbit and rhesus monkey have similar hearing profiles as the dog (Turner et al. 2005). Each curve, 
or audiogram, has a similar shape in that it takes a higher sound pressure (“louder” sound) for hearing 
to occur at lower frequencies than in the middle of the frequency range, and then higher-level sound is 
required for hearing to occur as the frequencies continue to increase.

As noted in Figure 20.3, both dogs and mice hear higher-frequency sound than humans. Studies have 
shown that husbandry practices and common equipment found in animal facilities produce sound at 
frequencies above what humans can hear but within the hearing range of animals (Milligan et al. 1993; 
Small and Dietrich 2007). Conversely, sound at frequencies 1000 Hz would be audible to humans, but 
animals, such as the mouse, may not be able to hear sound at these frequencies. Although it has been 
shown that a ventilated rack and animal transfer station both produced sound pressure levels above the 
ambient level within the human hearing range, the sound pressure levels within the mouse hearing range 
did not increase above ambient noise from either noise source. In the same study, when various types 
of construction equipment were used adjacent to the ventilated rack, the sound pressure level within the 
mouse hearing range was increased, but to a lesser degree for each implement than were the sound pres-
sure levels within the human hearing range. At more distant locations within the animal facility, sound 
pressure levels from a large jackhammer within the mouse hearing range decreased much more rapidly 
than did those in the human hearing range, indicating that less of the sound is perceived by mice than by 
humans (Reynolds et al. 2010). Therefore, it cannot be assumed that animals hear sounds that humans 
hear or that humans hear sounds that are audible to animals.

In controlled studies where mice are exposed to prolonged high-decibel sound at frequencies well 
within their hearing range, noise has caused teratogenic and reproductive effects. Noise may also cause 
changes in stress hormones and sleep, and behavioral disturbances in laboratory animals, as well as 
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changes to the gastrointestinal, cardiovascular, immune, reproductive, and nervous systems (Pfaff 1974; 
Zakem and Alliston 1974; Fletcher 1976; Peterson 1980; Nawrot et al. 1981; Murata and Takigawa 1989; 
Turner et al. 2005; Rabat 2007).

Vibration

Similar to sound, the effects of vibration depend not only on the amplitude but also the frequency at 
which it occurs. The resonance frequency is the frequency of applied external vibration that causes an 
object to more readily vibrate, and even amplify the vibration, in comparison with other frequencies. 
Every object or part of the body has a resonance frequency (Fn), which is calculated by the formula Fn = 
1/(2π)*√(k/m), where k is the stiffness constant and m is the mass. Knowledge of resonance frequency is 
important because vibration at this frequency will be perceived more strongly and ultimately will induce 
more adverse effects (Griffin 1996). Because the mass is in the denominator of the equation, the heavier 
the object, the lower the resonance frequency, assuming that the stiffness constant is the same. There is 
evidence that the rat and mouse have a resonance frequency range of 31–50 and 41–60 Hz, respectively, 
as a whole-body composite (Rabey et al. 2014). Vibration at frequencies outside of these ranges may also 
be perceived by animals (Norton et al. 2011) and could contribute to distress and alter research. Because 
of the varying sensitivities to vibration, different frequencies, as well as amplitudes, need to be consid-
ered when evaluating the effects on laboratory animals.

Anecdotal reports of the effects of vibration include a reduction in mouse breeding efficiency in rodent 
breeding colonies, reductions in food intake and weight gain, and behavioral modifications (Faith and 
Miller 2007). Low-level whole-body vibration in mice caused a decrease in fat production, lowered liver 
triglyceride levels (Rubin et al. 2007), and caused an increase in bone volume and/or bone formation 
(Xie et al. 2006, 2008). Whole-body vibration in mice has also been shown to cause an increase in heart 
rate and blood pressure (Li et al. 2015). Whole-body vibration in rats caused an increase in plasma stress 
hormone and brain serotonin levels, as well as a decrease in gastric emptying time, decreased organ 
weight, and increased adrenal weight (Sackler and Weltman 1966; Toraason et al. 1980; Ariizumi and 
Okada 1983). In other animals, low-level, whole-body vibration has been shown to cause cardiovascular 
effects in dogs and swine (Edwards et al. 1972), avoidance behavior in poultry (Abeyesinghe et al. 2001), 
and behavioral changes and an increase in stress-related hormones in swine (Perremans et al. 2001).

Controlling Noise and Vibration in the Laboratory Animal Facility

Some sources of noise and vibration are inherent in daily operations (e.g., movement of equipment, 
cleaning procedures, and animal vocalization) (Rozema 2009). To reduce operational noise, all casters 
on equipment should be in good working condition so that noise and vibration are not generated. Animal 
cage change procedures should be performed as quietly as possible, including adding feed to hoppers and 
the watering of animals. Animal transport should be performed in a manner where the animals will not 
experience noise or vibration, such as from a cart on an uneven floor. The researchers should be made 
aware of the effects of noise and vibration on study animals and trained in how to minimize them. Dogs, 
swine, and primates should be housed in separate wings of a building from other species or in quarters 
designed to provide auditory separation from other species sensitive to noise and vibration. Loud or 
sudden noises may negatively impact rodent breeding, behavioral studies, and sensitive species, such as 
rabbits and guinea pigs. Therefore, they should be housed in areas where minimal noise is present (e.g., 
away from noisy species like dogs or nonhuman primates and away from cage wash operations).

Sources of noise or vibration that are generated from the physical plant include the ventilation system, 
light fixtures, ventilated racks, cage change stations, cage washers, autoclaves, and computers. Supply 
and return fans that reduce noise and the incorporation of silencers for these fans are important mea-
sures for noise reduction of the ventilation system (Rozema 2011). Light fixtures should not have a buzz 
or hum sound, and computers should have limited use in the animal room unless they are enclosed in a 
soundproof enclosure. As described above, light fixtures and computers can generate noise that animals 
can hear, but is inaudible to humans. Low-noise racks and transfer stations are now available and should 
be incorporated into the animal facility whenever possible. Animal breeding rooms should not be placed 
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next to the cage wash area or autoclaves, or near other noise- or vibration-generating equipment, such as 
pumps and compressors. Fire alarms can be another disturbance in the laboratory animal environment 
and should emit sound less than 400 Hz, or a visual alert system may serve as an alternative to sound-
generating alarms (Zoontjens 2012).

Sanitation

Sanitation is the maintenance of environmental conditions in a manner that will limit microbial levels. 
Most animal facilities include both cleaning and disinfection as components of a sanitation program. 
Cleaning removes gross debris and organic materials that shield microorganisms to allow for effective 
disinfectant penetration (NRC 2011). Disinfection eliminates or significantly reduces microbial concen-
trations. Good sanitation programs start with conscientious planning to ensure that appropriate surface 
materials are used to allow for ease of sanitation of both the macro- and microenvironment. Surfaces 
should be smooth and impervious and composed of materials capable of withstanding frequent, vigor-
ous applications of degreasers, detergents, and corrosive disinfectants. Animal rooms should not have 
unsealed penetrations, cracks, or seams that could house vermin or microorganisms (Rollin and Kesel 
1990). To prevent cross-contamination between rooms, each room should have its own dedicated clean-
ing implements. Mops, buckets, brooms, and so forth, should not be shared between rooms and corridors, 
as they may be fomites for the spread of pathogens.

Frequency of sanitation is usually determined by the species housed, the type of animal enclosures, 
and the amount of debris generated by the animals (NRC 2011). Rooms housing large species such as 
dogs, pigs, and nonhuman primates in open enclosures or kennels require more frequent room sanita-
tion intervals than rooms with rodents housed in microisolator caging (NRC 2011). In general, floors 
are usually mopped or hosed on a daily basis in the large animal rooms and complete room sanitation is 
performed every 1–2 weeks, depending on the institutional sanitation program. For small animal rooms, 
surfaces are cleaned daily and mopped at intervals ranging from daily to once a week (Casebolt 2009). 
Based on institutional performance standards, rodent rooms are usually sanitized at least monthly and 
when an empty room is reopened for occupation. In rooms where detergents and disinfectants are applied 
by a hose or a foamer, proper protective gear, such as goggles or a face shield and a mask, should be worn 
to protect against aerosolized chemicals, fecal material, or infectious agents. Eye protection should also 
be worn when applying detergents or disinfectants on walls and ceilings. Care should be taken to ensure 
that all surfaces are thoroughly rinsed of detergents or disinfectants and that the animals are not sprayed 
with water or cleaning chemicals during sanitization activities.

Sanitization Chemicals

Careful consideration should be given when choosing cleaning and disinfectant chemicals for use in 
animal facilities. Obvious concerns are the effectiveness of detergents to remove gross organic soil and 
the ability of disinfectants to aid in the control of the spread of pathogens or experimental infectious 
agents. Combination detergent–disinfectants are commonly used for sanitation of the macroenviron-
ment and are effective against a wide variety of microorganisms (Ingraham et al. 2013). Examples of 
disinfectants commonly found in combination formulas are detergents plus a quaternary ammonium 
and/or phenolics or iodophors (Small and Dietrich 2007). These are considered low-level disinfectants 
and are not effective against spores and some fungi or viruses. Intermediate-level disinfectant–detergents 
contain chemicals that can kill Mycobacterium tuberculosis var. bovis, but cannot kill spores. Spore-
killing combinations may contain chlorine dioxide, hydrogen peroxide, or peracetic acid. It is extremely 
important to follow the manufacturer’s directions regarding the dilution of the agent and the contact 
time required to achieve appropriate surface disinfection (Small and Dietrich 2007). Chemicals must 
be thoroughly rinsed from all surfaces to prevent chemical burns or dermatitis as a result of residue 
exposure to footpads or skin. Residual odors should also be avoided. Chemicals that are designed to 
cover odors or cleaning solutions that are scented should not be used in animal facilities (NRC 2011). 
Perfumes or volatile chemicals may cause changes in normal physiology, behavior, or metabolism 
(Castelhano-Carlos and Baumans 2009).
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After completion of an infectious disease study or in response to a pathogen outbreak, it may be neces-
sary to decontaminate an entire room or enclosure. Agents such as vaporized hydrogen peroxide (VHP) 
or chlorine dioxide gas are extremely effective when complete sterilization is needed (Small and Dietrich 
2007). For this application, chemicals are vaporized and distributed by an external generator attached to 
ports or custom penetrations outside a sealed animal room or enclosure. Both VHP and chlorine dioxide 
have antimicrobial properties and are effective against spores. Neither is corrosive in the vapor or gas-
eous form. Chlorine dioxide can also be used in a liquid form for surface decontamination when sprayed 
on equipment such as animal change stations, biological safety cabinets, or countertops.

Confirming Sanitation Effectiveness

To ensure an environment that contributes to the health and well-being of research animals, it is impor-
tant to monitor the effectiveness of the cleaning and disinfection program. Regular evaluation of the 
effectiveness of sanitation processes with methods such as visual inspection, monitoring water tem-
perature, and microbiologic testing is important (NRC 2011). For microbiologic testing, RODAC™ 
(Replicate Organism Detection and Counting) agar plates, culture swabs, and adenosine triphosphate 
(ATP) bioluminescence meters are commonly used tools in laboratory animal facilities to determine the 
presence or absence of microorganisms or organic materials (Schondelmeyer et al. 2006; Turner et al. 
2010). In each instance, it is critical that the surface to be tested is free of residual disinfectants, which 
could alter colony counts or confound ATP readings.

The swabbing method involves swiping a sterile swab that has been immersed in lecithin broth over a 
surface that has been disinfected. The swab is then inserted into a broth tube and incubated for 24 hours 
prior to streaking on appropriate agar media. The plate is incubated and microscopically evaluated for 
microbial growth at defined periods of time over the course of up to 3 days (Small and Dietrich 2007). 
RODAC plating is a similar process, except that the agar plate is pressed directly on a disinfected surface 
(Ingraham et al. 2013). The plate is immediately covered, incubated, and observed for the number of bac-
terial colonies. Both methods take a few days for visible growth. The third and much faster method, ATP 
bioluminescence testing, also utilizes a swab technique but delivers results in a matter of seconds using a 
portable luminometer (Patel 1994; Turner et al. 2010). A prepackaged swab is swiped across a disinfected 
surface and then immersed in a tube containing an ATP amplifying solution. The tube is inserted into 
the luminometer, which analyzes the luminescence of the sample and detects the presence of parasites, 
such as pinworm eggs, organic materials, or microorganisms commonly found in a laboratory animal 
facility. Since microbiologic monitoring with swabs or plates will not detect all types of organisms and 
ATP testing is limited in its detection of gram-negative bacteria, using a combination of the two in areas 
where a high level of cleanliness is required would be beneficial (Turner et al. 2010).

Pest Control

A pest control program should prevent, control, or eliminate pest infestations in the animal environment 
(NRC 2011) due to their potential for disease transmission and contamination of feed and bedding. Pest 
control plans should include prevention of attraction and access to the facility by insects and vermin from 
the outside, as well as a vigorous sanitation program on the inside. The implementation, control, and 
monitoring of the plan should be documented.

How the exterior of a facility is designed can play a major role in preventing vermin excursions into 
the interior of the facility. For example, the type of landscaping and type of light fixtures, doors, and 
finishes, if chosen properly, can enhance an external pest control program. The National Institutes of 
Health (NIH) Design Requirements Manual recommends using landscaping plans that do not include 
ground cover–type plantings in close proximity to the building that could provide nesting and harborage 
for pests (NIHOM 2013). Conduit and lighting fixtures should be sealed and flush with exterior surfaces 
to prevent a nesting area for insects or wild birds. All exterior wall penetrations should be sealed, and 
doors should have door sweeps. The use of chemical pesticides around the facility exterior should be 
carefully considered for safety and effectiveness and be in compliance with state and federal regulations. 
If exterior trapping devices are used, they should be regularly checked and documented.
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Like the exterior of the building, pest control inside the facility begins with good design features and 
a robust sanitation program. Interior surfaces should be smooth and of a material that can withstand 
repeated exposure to cleaners and disinfectants. All junctions and cracks should be sealed and drains 
fitted with screens or covered in order to prevent infestation by insects or vermin. Light fixtures should 
be sealed and water resistant to enable adequate sanitation. If “drop-down” ceilings are used in animal 
areas, the grid system should be tightly gasketed and the tiles made of a washable material. Routine 
sanitization of animal areas at a frequency appropriate to the species housed is key to the deterrent of 
pests. The use of chemical pesticides should be avoided whenever possible in animal housing areas due 
to potential adverse effects on animals (NRC 1997, 2011). Chemical pesticides should not be used prior 
to review by the veterinarian, operations manager, and investigators. Only humane rodent traps should 
be used, and they should be checked daily. “Sticky boards” that could entrap rodents should not be used 
for humane reasons.

Environmental Monitoring

In addition to monitoring the disease prevention and sanitation programs in the animal facility, other 
environmental influences, such as physical plant functionality, must be monitored and documented as 
well. Consistency in temperature, ACH, and humidity and light cycles are critical to maintaining normal 
metabolism and normal behavioral activities in research animals. Automated monitoring systems are 
currently available that are capable of sampling, recording, and with enhanced options, controlling room 
conditions. Preferably, an automated system should trigger alarms and send alerts via e-mail, pager, or 
phone when excursions outside of set parameters occur or when malfunctions are detected in automatic 
watering systems. In many cases, automated systems designed for laboratory animal facilities serve as 
redundant systems for building automation systems.

The Microenvironment

Terrestrial Animals

For terrestrial animals, the immediate surrounding area serves as the primary enclosure or microen-
vironment and may be a cage, pen, stall, or kennel. Enclosures should be provided that are designed 
to fit the needs of the species occupying the space. Modern technology offers the ability to pro-
vide environments that significantly stabilize the conditions within the microenvironment. Until the 
advent of individually ventilated caging (IVC) systems, the static microisolator cage was the pre-
dominant enclosure for microisolation rodent housing. When compared with static caging, mechani-
cally ventilated mouse isolator cages at approximately 60 ACH have been shown to have dramatically 
lower levels of ammonia, carbon dioxide, and RH (Memarzadeh et al. 2004). Although IVC improves 
air quality within the cage, there are aspects of IVC systems that may have an unintended negative 
impact. Baumans et al. (2002) illustrated that high air velocities (60 ACH and higher) may cause 
stress to the animals, which was manifested in the study through avoidance behavior. In their study, 
when given the freedom to move between adjoining mechanically ventilated cages and static cag-
ing, mice showed a preference for the static cages and avoided air inlets that were placed low in 
the IVC systems. The study reinforced the importance of providing appropriate amounts of nesting 
material in IVC since when provided with huts or nesting material, avoidance behavior decreased 
and nests were built by mice in IVC. Mice in this study also demonstrated a preference for the type 
of IVC systems where forced air entered from the cage lid instead of the cage wall (Baumans et al. 
2002). Along with controlling the flow dynamics inside the cage, most modern IVC systems allow 
for changing the directional flow of air through the cages from positive to negative and vice versa 
relative to the room. Caging in a barrier setting would normally have a positive directional flow in 
relation to the macroenvironment, and in most situations, caging being used for control of patho-
gens or experimental infectious agents would incorporate a negative airflow setting (Lipman 2009). 
Advancing technology also provides methods for monitoring the microenvironment in IVC. Many 
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vendors can provide optional specialized caging features that will sample and report on environmen-
tal conditions, such as temperature, humidity, and ammonia concentration inside of the cage. Newer 
models of exhaust blowers on IVC systems will display cage exhaust temperature digitally. Caging 
systems can also be equipped with wireless technology capable of monitoring, reporting, and storing 
data on environmental conditions. This technology can also generate alarms for excursions outside 
of desired parameters or power loss. An emergency power supply, to ensure that the cages are prop-
erly ventilated in the event of a power failure, is common when using IVC systems. IVC racks are 
portable equipment, so it is important that consideration be given to using twist-lock plugs or some 
other method of preventing inadvertent disconnection from the electrical source in the event that the 
IVC rack is moved (NRC 2011).

In direct contrast to a controlled, predictable micro- and macroenvironment, research animals such 
as dogs, nonhuman primates, and agricultural animals have often been housed in outdoor or indoor–
outdoor enclosures. Frequently, animals with access to indoor–outdoor housing are group housed in an 
effort to provide added enrichment. Although animals can benefit from this type of setting, group hous-
ing could present species-specific challenges in regard to enclosure density and temperament or social 
rank of the animals. This type of environment can be distressful to some animals if not carefully con-
trolled (Novak and Suomi 1989; Overhall and Dyer 2005). Indoor–outdoor and outdoor environments 
can also confound research results due to natural influences, such as seasonal changes in temperature, 
humidity and light cycles, an inability to control nutrient intake in grazing animals, and the possible 
presence of naturally occurring pathogens (NRC 2011).

Along with controlling and monitoring the microenvironment, we must also consider sanitation 
practices as an important component of providing for the health and well-being of the animals. Cage 
changing frequency and effective sanitation of the primary enclosure both contribute to the quality 
of the microenvironment. Enclosures and accessories should generally be sanitized every 2 weeks. 
Some types of caging systems or enclosures may require more or less frequent sanitization based on 
the cage’s size, animal holding density, or type of air ventilation system (NRC 2011; Horn et al. 2012). 
The process of sanitation or disinfection may necessitate the use of chemical cleaners or disinfectants. 
Products used for sanitizing the microenvironment should be free of perfumes or odors and should be 
thoroughly rinsed from all surfaces. Studies evaluating routine distressful environmental conditions 
in the animal facility report that the presence of perfumes or odors from volatile chemicals can elicit 
physiological reactions (Castelhano-Carlos and Baumans 2009). A variety of cleaning methods may 
be effective, such as mechanical cage washers or manual sanitization; however, the method should 
be appropriate for the materials being used (NRC 2011). Recommended methods for ensuring and 
validating the effectiveness of the sanitization process can include visual inspection, monitoring water 
temperature, and microbial and ATP testing. These methods are appropriate for both the macro- and 
the microenvironment.

Lighting is another component of the microenvironment that usually differs significantly from the 
macroenvironment. Type of caging and location of the cage in the room or on the rack can influence the 
amount of light reaching the animals within the enclosure. Studies have shown that light intensity can 
vary as much as 80-fold from the top to the bottom of the rack in transparent cages and up to 20-fold 
inside the cage (NRC 2011). Cage material can affect the amount of light that penetrates the enclosure, 
with clear translucent caging allowing the highest light intensity. There is evidence that light levels that 
are too low can negatively impact normal physiological responses in some strains of rodents (Faith and 
Huerkamp 2009). Room lighting should be such that consideration is given to the well-being of the 
species to be housed at the cage level, in addition to the ability of staff to safely visualize the animals 
(NRC 2011).

Aquatics and Semiaquatics

The use of aquatics, especially zebrafish, has increased in biomedical research for a variety of reasons. 
It is relatively easy to manipulate their genome, they produce many offspring, and they are more eas-
ily housed in a natural environment than rodents. Because of the nature of their environment, aquatic 
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species require somewhat different considerations regarding their husbandry. Water quality is of the 
upmost importance, as well as what types of materials are used for their housing. Lighting, temperature, 
and cage sanitization are also critical components of aquatic species husbandry.

Water quality is obviously an essential concern when housing aquatic species. The pH of the water 
is one important consideration, with a pH between 6.8 and 8.0 commonly used (Lawrence 2007; Green 
2010). The temperature of the water is species dependent, with temperatures generally maintained within 
the range of their natural habitat. If changes in temperature or pH are needed, these parameters should 
be changed very slowly at a rate that will be tolerated by the species. Other water quality parameters to 
be considered are total dissolved ions (ionized minerals), total water hardness (amount of calcium and 
magnesium), ammonia, nitrite, nitrate, and chlorine (Astrofsky et al. 2002). The species-specific water 
parameters should be established through information acquired from the vendor or the literature prior 
to housing aquatics.

The water used for aquatics should be treated to remove chlorine and chloramines, reduce suspended 
sediments and gases, and eliminate pathogens. Chlorine and chloramines can be removed from a munici-
pal water supply by activated charcoal or sodium thiosulfate. The type of pipes used in the water system 
can introduce toxicants into the water. Black iron or plastic pipes are generally preferable for aquatic 
species (Hodson and Spry 1985).

The ventilation system should also be tailored to the species’ humidity needs. The air exchange rate in 
an aquatic room may be required to provide sufficient ventilation to reduce humidity levels, in the case of 
fish, for example, or may need to be reduced to allow sufficient humidity for amphibians (O’Rourke and 
Schultz 2002). Some amphibians may benefit from a water-soaked sponge or foam placed in the primary 
enclosure to provide additional humidity (Astrofsky et al. 2002).

A defined and stable photoperiod is important to the health and well-being of aquatic species. A typi-
cal light cycle will consist of 12–16 hours of light per day (Astrofsky et al. 2002). As with rodents housed 
in cages, attention must be given to ensure that light is not too intense or insufficient depending on the 
position of the aquaria on a rack system. A range of 54–324 lux at the surface of the water has been 
suggested to be appropriate for zebrafish (Matthews et al. 2002), with the lower intensities limiting the 
growth of algae in tanks. The placement of lights directly over tanks should be avoided to prevent algae 
growth.

Primary enclosures often consist of a transparent material, such as glass, polycarbonate, acrylic, or 
Plexiglas, as well as stainless steel (Matthews et al. 2002; O’Rourke and Schultz 2002). The material 
should be impermeable to moisture and easily sanitized. Lids should be nonabrasive due to the pro-
pensity for aquatic species to jump. All materials that will contact the water or the animals (e.g., pipes, 
tubing, and connectors) should be made out of a material that will not leach toxic compounds into the 
water (Brand et al. 2002). Hiding places are beneficial to many aquatic species. For example, polyvinyl 
chloride pipe provides a good area of seclusion for frogs. Semiaquatic species should be provided with a 
floor that slopes so that they can rest when emerged from the water.

Housing density of aquatic species is an important factor in their health and well-being. The number of 
fish that can be housed per liter of water varies with the species, as well as the water quality. Depending 
on the species, both too few and too many animals in an enclosure can have detrimental effects. The 
vendor for the species or the literature should be consulted on proper housing densities for each species. 
Adult Xenopus densities range from one frog per 3 L to four frogs per 5–10 L (O’Rourke and Schultz 
2002), and five adult zebrafish per liter is common (Reed and Jennings 2011).

All electrical fixtures should be protected from moisture, and any outlets should be ground fault inter-
rupted. Due to the electrical needs for aeration, filtration, and lighting, emergency power is critical to 
prevent disastrous results. A few hours without these life-support systems could result in high mortality 
in some species (Astrofsky et al. 2002).

Cleaning and disinfection of cages requires precautions to prevent chemical residue that could harm 
aquatic species. Disinfectant or detergent residues can cause illness or death. Tanks can be washed in 
a dish or cage washer, but chemicals or detergents should not be used or should be designed for aquatic 
washing systems (e.g., IWT Tecniplast). The use of alcohol or 5% acetic acid, followed by 3% hydrogen 
peroxide in 0.1% sodium hydroxide, to wipe the tanks has been successful. The tanks are then rinsed 
several times with clean, dechlorinated water (Brand et al. 2002).
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Summary

Animals are complex living creatures that will respond to environmental conditions within their micro- 
and macroenvironments. Understanding and controlling these variables will likely result in better-
controlled experiments involving animals and in promoting animal welfare. Additional information 
concerning environmental and housing considerations for species is provided in Chapters 21 through 25.
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Small Animal Enclosures and Housing

Debra L. Hickman, Judy M. Hickman-Davis, Jessica Peveler, and Melissa Swan

Introduction

The selection of small animal housing enclosures for laboratory facilities is dictated by a multitude of 
factors. Design of the actual facility and the configuration of the caging system can significantly affect 
the health and well-being of the rodents used in research, as well as the research results. In general, the 
preferred housing environment is comfortable for the animals and allows them to engage in species- 
specific behaviors, while allowing scientific study. This chapter reviews the primary considerations in the 
selection of an appropriate housing environment for small animals, predominantly rodents. Additionally, 
it reviews the importance of selection of appropriate bedding, feed, and environmental enrichments, with 
considerations for operational efficiencies and animal well-being.
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Regulatory Requirements and Considerations

The regulatory requirements for small animal enclosures and housing in the United States focus pri-
marily on animal health and well-being. Regulatory issues for animal housing differ according to spe-
cies and are intended to account for physical, physiologic, and behavioral needs. Legal requirements 
for research animal housing are captured in the Animal Welfare Act (AWA) (Public Law 89-544) 
(APHIS 2002) and the Health Research Extension Act of 1985 (Public Law 99-158) (United States 
1985). Additional guidance can be found in the Guide for the Care and Use of Laboratory Animals 
(Guide) (NRC 2011).

The AWA was established in 1966 and has been amended many times. The AWA confers authority for 
enforcement of the law to the U.S. Department of Agriculture (USDA) Animal Plant Health Inspection 
Service (APHIS). These regulations cover care, handling, housing, and transportation for rabbits, guinea 
pigs, and hamsters, but specifically exclude the commonly used laboratory rats of the genus Rattus and 
mice of the genus Mus. In general, primary enclosures for covered species are required to be structurally 
sound, in good repair, and constructed of materials such that animals are safe and dry. Animals housed 
in solid-bottom cages should be provided with bedding, and for mesh-bottomed cages, construction 
should protect feet and legs from injury while minimizing animal contact with waste. Space require-
ments are provided for each species, but all mandate that primary enclosures must allow “each animal 
to make normal postural adjustments with adequate freedom of movement” with “convenient access to 
clean food and water” (APHIS 2002).

The Health Research Extension Act requires compliance with the Public Health Service (PHS) Policy 
on Humane Care and Use of Laboratory Animals in order for institutions to compete for or receive fed-
eral funds. The Office of Laboratory Animal Welfare (OLAW) is responsible for ensuring compliance 
with the PHS Policy, utilizing the Guide as the basis for evaluating animal care programs. The Guide 
represents the current state of knowledge surrounding best practices for the care and maintenance of 
laboratory animals. The Guide also acts as the primary reference document for AAALAC International, 
which provides a voluntary assessment for accreditation of institutional animal care programs. These 
documents define laboratory animal as any vertebrate animal used in research, teaching, or testing, and 
therefore including rats and mice. The eighth edition of the Guide reaffirms a dedication to the promo-
tion of animal well-being; however, in relation to the primary enclosure, increased emphasis has been 
placed on provision of enrichment and increased space to account for an animal’s species-specific needs 
(NRC 2011).

Internationally, there is a growing focus on the need to enhance laboratory animal well-being. 
Guidelines and regulations regarding small animal enclosures have been adopted by several countries, 
including Canada (Canadian Council on Animal Care 2003), Europe (Council of Europe 1986), Australia 
(National Health and Medical Research Council 2013), and Singapore (Singapore Government National 
Advisory Committee for Laboratory Animal Research 2004). Cultural and religious differences between 
countries may impact animal treatment and the definition of animal welfare. A discussion of the inter-
national issues and a comparison of trends in findings by AAALAC International provide an interesting 
perspective on the attitude toward animal environment and housing worldwide (Bayne et al. 2014).

Caging Systems

Rodent caging systems can be quite variable, but most fit a standard design of a simple box with 
modifications to provide environmental enhancements for the animals, to meet experimental objec-
tives, and to ensure bioprotection or containment of pathogens or allergens. Although the actual space 
needs for rodents are not well defined (e.g., see Patterson-Kane et al. 2004; Nicholson et al. 2009; 
Whittaker et al. 2012) and can vary greatly by species and strain and gender, the majority of regula-
tory agencies provide minimum floor space and height requirements in their guidance documents 
(Table 21.1).
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Materials

As the body of knowledge in animal care increases, the selection of materials for the construction of rodent 
caging has adapted to provide increased bioprotection, balanced with improvements to animal well-being.

Stainless steel is a common cage construction component. Historically, suspended and shoe box–style 
caging have been manufactured from stainless steel due to their longevity and sturdiness (Figure 21.1). 
However, these cages were heavy to manipulate and created a cool, dark housing environment for the 
rodents, potentially interfering with normal physiology. In the modern animal facility, stainless steel is a 

TABLE 21.1

Space Requirements for Rodents According to International Sources

Cage Space Requirements for Mice in Groups According to the Guide for 
the Care and Use of Laboratory Animalsa

Body Weight, g Floor Area, in.2 (cm2) Height, in. (cm)

<10 6 (38.7) 5 (12.7)

Up to 15 8 (51.6) 5 (12.7)

Up to 25 12 (77.4) 5 (12.7)

>25 >15 (>96.7) 5 (12.7)

Cage Space Requirements for Rats in Groups According to the Guide 
for the Care and Use of Laboratory Animalsa

Body Weight, g Floor Area, in.2 (cm2) Height, in. (cm)

<100 17 (109.6) 7 (17.8)

Up to 200 23 (148.35) 7 (17.8)

Up to 300 29 (187.05) 7 (17.8)

Up to 400 40 (258.0) 7 (17.8)

Up to 500 60 (387.0) 7 (17.8)

>500 ≥70 (≥451.5) 7 (17.8)

Cage Space Requirements for Mice in Groups According to the 
FELASA  Guidelines and Recommendationsb

Body Weight, g Floor Area, in.2 (cm2) Height, in. (cm)

Up to 20 9.3 (60) 4.7 (12)

>20 to 25 10.85 (70) 4.7 (12)

>25 to 30 12.4 (80) 4.7 (12)

>30 15.5 (100) 4.7 (12)

Cage Space Requirements for Rats in Groups According to the 
FELASA  Guidelines and Recommendationsb

Body Weight, g Floor Area, in.2 (cm2) Height, in. (cm)

Up to 200 31 (200) 7.1 (18)

>200 to 300 38.75 (250) 7.1 (18)

>300 to 400 54.25 (350) 7.1 (18)

>400 to 600 69.75 (450) 7.1 (18)

>600 93 (600) 7.1 (18)

Note: FELASA, Federation of European Laboratory Animal Science 
Associations.

a NRC (National Research Council), Guide for the Care and Use of Laboratory 
Animals. 8th ed. Washington, DC: National Academies Press, 2011.

b European Union, Directive 2010/63/EU of the European Parliament and of 
the council of 22 September 2010 on the protection of animals used for scien-
tific purposes. Off J Eur Union 276:33–79, 2010.
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common component of the feed and water holders for shoe box caging. The vast majority of racks, includ-
ing those for larger rodents, such as guinea pigs and chinchillas, are also constructed from stainless steel, 
although generally with plastic molded floors (Figure 21.2). Aluminum is utilized in the construction of 
some individually ventilated caging (IVC) units to minimize the weight associated with them, but care 
must be taken with these units because of their increased susceptibility to physical damage.

Modern caging for small rodents is generally constructed of plastics, with the type of plastic utilized 
having changed over time. With the addition of ventilation of rodent enclosures, caging has moved from 
opaque plastics (generally constructed from polypropylene) (Figure 21.3) to translucent plastics (such as 
polycarbonate or polysulfone) that afford better visibility of the cage inhabitants (Figure 21.4). Cages 
that allow for easier observation of the animals without removal of the cage from the rack are especially 
important in IVC systems where the interval between cage changes may be 14 days or more. Additionally, 
the need for biosecurity and sterility has increased the demand for plastics that can withstand repeated 
cleaning with laboratory-grade detergents and steam sterilization without deterioration. In general, mod-
ern caging plastics can be divided into two broad categories: thermoplastics intended for repeated use 
and disposable plastics intended for single-use applications. Current thermoplastics include polycar-
bonate, polysulfonate, polythermide, and polypropylene. Caging manufacturers use injection molding 
techniques with these thermoplastics to create a caging unit with minimal variability and even strength.

One of the first thermoplastics used in the construction of rodent caging was polypropylene (Lipman 
1999). This thermoplastic made an opaque cage that hid the animals from view, and as mice and rats are 

FIGURE 21.1 (See color insert.) Example of a stainless steel, mesh-bottomed caging for rats. The food bin is located 
on the inside of the cage. Water bottles would be placed on the outside (where the springs are located). Note the white 
plastic resting boards on the floors of the cage to provide the rats with a solid-bottom surface for comfort. (Photo by Deb 
Hickman.)
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burrowing animals in the wild, it is possible that rodents felt more secure in the opaque caging. However, 
these cages interfered with the ability of technical staff to perform the mandated daily health checks 
of animals without disturbing the cage. They also deteriorated when subjected to the high temperatures 
and pressures associated with autoclaving, so the advent of static microisolation and IVC resulted in 
decreased use of caging manufactured from this thermoplastic, although these cages can still be pur-
chased commercially.

(a)

FIGURE 21.2 Examples of housing for (a) guinea pigs. Note the molded plastic bottom with bedding. (Continued)
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(b)

(c)  (d)

FIGURE 21.2 (CONTINUED) Examples of housing for (b) chinchillas or rabbits. Note the molded plastic bottom with 
bedding. Additional enrichment items can be placed, such as the house (c) or the shelter and ball (d). The perforated plastic 
panel behind the chinchilla in (d) is a barrier that can be removed to provide additional floor space for the animals, facilitat-
ing group housing of stable social groups. (Photos by Judy Hickman-Davis.)
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Polycarbonate was the next commonly used thermoplastic. This plastic is clear, can withstand tem-
peratures of 121°C (250°F), and generally has a life span of approximately 1 year under conditions of 
normal use. It can be tinted, which could provide additional visual protections for the animals (Dauchy et 
al. 2013). Rodents do not have good visual acuity associated with wavelengths of light in the infrared end 
of the spectrum. Therefore, there is speculation that use of caging that has been tinted red or yellow may 
decrease the intensity of the light perceived by rodents, perhaps even to the extent of appearing opaque. 
Even if this is not the case, protecting rodents from exposure to bright light decreases general stressors 
(Dauchy et al. 2013) and physical changes, such as retinal degeneration (LaVail et al. 1987).

FIGURE 21.3 Example of rat caging made from polypropylene. Note the opaque nature of the cage and the presence of a 
wire lid to hold food and water. This caging is open to the room environment. (Photo by Deb Hickman.)

FIGURE 21.4 Example of mouse caging made from polysulfonate. Note that it is possible to visualize the mouse from 
outside of the cage. This configuration has added a lid with a filter top for enhanced bioprotection of the mouse within the 
cage. (Photo by Deb Hickman.)
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Polysulfones have also been used in caging construction. These thermoplastics have the advantage 
of being able to withstand temperatures of 134°C (273°F), with a prolonged life span of approximately 
3 years under conditions of normal use. Naturally colored amber or yellow, these plastics could also pro-
vide some visual protection from light intensities for the rodents. Most recently, polyethermide (PEI) has 
been utilized for the construction of rodent caging. This thermoplastic is able to withstand temperatures 
of 134°C (274°F) and has a life span of approximately 5 years under conditions of normal use, making it 
a sound financial investment for the animal facility. These cages are also deep amber to yellow, possibly 
providing some visual protection to the animals.

Disposable caging, manufactured from polyethylene terephthalate (PET), can also be used for the 
housing of small rodents. These cages provide superior bioprotection or containment opportunities, as 
they can be used once and disposed of through either the normal waste stream or recycling, if available. 
In addition to their value for high-level barrier or biocontainment situations, their use can also increase 
operational efficiency by circumventing the need for a cage wash space. If this space is not needed, the 
facility can use the footprint for additional housing, while resulting in a cost savings because there is no 
purchase of costly equipment with significant ongoing utility costs.

Types

The different types of caging that are currently available provide an interesting look at the developmental 
progress of the laboratory animal science field and how the priorities of bioprotection and animal well-
being have shaped modifications to existing designs.

Conventional housing is defined as housing where the housing environment is not isolated from the 
animal housing room. Although this style of housing is seen much less commonly than containment 
caging, such as static microisolation and IVC, in the modern animal facility, it can still be an appropri-
ate housing method for some commercial and experimental needs. There are generally two styles of 
conventional caging: suspended wire bottom caging (Figure 21.1) and shoe box caging with a wire top 
feeder (Figure 21.3). The major concern with both of these methods is that there is no bioprotection of 
the animals or the personnel working with the animals.

Suspended wire bottom caging was the historically preferred method of housing rats and mice used 
in research, as these caging systems required significantly less maintenance than those used today. 
However, there are health and well-being concerns associated with the use of this caging for those spe-
cies. For example, older, heavier rats are predisposed to pododermatitis when housed for prolonged peri-
ods of time in these cages (Blair 2013), and neonates quickly become chilled if a secure nesting location 
is not provided. The use of this type of caging now requires scientific justification and approval of the 
animal ethics body. When used, modern caging includes modifications such as resting boards and provi-
sion of other enrichment devices, such as houses or manipulanda on which to gnaw. Generally, the racks 
have pans with paper or bedding beneath them (“indirect bedding”), which are changed at least once a 
week, while the actual animal housing cages are washed less frequently.

The conventional shoe box cage with a wire top feeder is the more common configuration of conven-
tional rodent housing seen in the modern vivarium. The cage is generally made of plastic with a solid 
bottom, into which contact bedding is placed and directly bedded. Feed (and sometimes water) is pro-
vided using a stainless steel wire bar lid that holds the food above the animals (Figure 21.3).

A modification of the conventional shoe box caging system was the addition of a cage lid with filtration 
capabilities (Figure 21.4). These caging systems allowed the housing environment of the cage to be isolated 
from the animal housing room—especially when used in conjunction with laminar flow workstations of 
biosafety cabinets. These lids are sufficiently porous enough to allow the exchange of gases and modera-
tion of temperature, but prevent the escape of potentially infectious or allergenic compounds. However, 
because the exchange of gases and heat is not as efficient as a system without the filtration top, these 
cages often require changes that are much more frequent than the conventional shoe box caging system.

IVC systems were created in response to the accumulation of gases that were noted in the static 
filter-top systems. In an IVC system, the lidded cages are placed on a rack that forces air through the 
caging, creating air changes within the housing environment to remove the potentially noxious gases 
(Figure 21.5). There are many different designs of IVC systems (Figure 21.6). In the original designs, air 
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(a)

(b)

FIGURE 21.5 (See color insert.) (a) Example of an IVC rack. There are no cages, but the rack can hold up to 160 mouse 
cages. The metal wall in the center of the rack provides forced air to the cages on the rack. (b) Close-up of IVC with empty 
bays next to the cages. On the metal wall, there are two round blue and white circles. These are the air vents that deliver 
and exhaust air from the cage. The silver nozzle below the air vents is an automatic watering system that provides water on 
demand to the animals in the cage. The yellow levers hold the cage in place, to ensure a tight seal for efficient air exchanges 
within the cage. (Photos by Deb Hickman.)
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was brought into the cage from the room, without filtration aside from that provided by the filter-top lid, 
and was discharged from the cage by exhaust blowers. Now, these units are generally designed so that air 
is brought in from the animal room, passed through a high-efficiency particulate air (HEPA) filter, deliv-
ered to the cage, and then HEPA filtered out, although there are many configurations available from the 
various vendors (Figure 21.6). High-level biocontainment studies utilize specialized IVC systems where 
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FIGURE 21.6 Schematic representations of types of commercially available IVC. All systems are shown with automatic 
watering. Numbers within brackets reflect the three commercially available versions of the intracage supply–intracage 
exhaust ventilated caging systems. (a) Intracage supply–perimeter capture. (b) Intracage supply–intracage exhaust (direct) 
[1]. (c) Intracage supply–intracage exhaust (direct) [2]. (d) Intracage supply–intracage exhaust (direct) [3]. (e) Intracage 
supply–intracage exhaust (indirect). (f) Intracage supply–intracage exhaust (combinaton). (From Lipman, N. S., Contemp. 
Top. Lab. Anim. Sci., 38(5), 9–17, 1999.)
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a gasket is present between the lid and the cage to ensure a tight seal with no leakage of any pathogens of 
concern from the cage. Filtration of both the supply and exhaust air produces superior bioprotection for 
the animals and decreases particulate contamination of the animal housing room. In addition to provid-
ing a controlled housing environment, another significant advantage to the use of IVC systems is that it 
is possible to house more cages within an existing footprint.

Isolators are specialized caging systems that are used in cases where bioprotection of the animals needs 
to be very high. Examples include very valuable immunocompromised animals, germ-free animals, and 
gnotobiotics. In an isolation system, sterile caging with wire top lids are introduced into a sterile environ-
ment (although the equipment can be placed prior to sterilization). Rodents are generally introduced after 
caesarean section to allow for control of the biome. The entire environment is maintained aseptically. 
Items such as food and bedding are sterilized prior to introduction into the isolator. Caging equipment 
can be washed within the isolator or removed for cleaning, but then is sterilized prior to reintroduction 
into the isolator. In the strictest protocols, nothing (aside from waste) is removed from the isolator until 
the colony is removed, and the unit is broken down and cleaned and resterilized prior to its next use.

Metabolic cages allow the researcher to collect information about the animal by collecting samples 
from the cages. The most commonly used caging designs house the rat or mouse in a Plexiglas or glass 
cylinder with a wire mesh floor. All feces and urine are collected over a period of time, generally 24 hours. 
A funnel system that is incorporated into the floor of the cage allows the collection of urine and feces sep-
arately from each other, facilitating in vitro analysis. More recently, metabolic cages have been designed 
that can measure more of the metabolic output of the rodent than just the urine and feces. In this style of 
metabolic chamber, the rodent is placed in a sealed cage that is provided with fixed amounts of air. The 
computerized system is able to measure multiple variables, such as activity, body weight, feeding, drink-
ing, urine collection, sleep detection, body temperature, heart rate, and carbon dioxide production.

Integration

The racks and caging systems that are used in an animal facility drive some of the specialized infrastruc-
ture requirements in the facility. Structurally, doors need to be sufficiently large to allow personnel to 
move racks, with or without their exhaust and supply blowers, in and out of rooms. This is needed as the 
functions of rooms may change over time, in addition to the regular sanitation requirements.

The facility heating, ventilation, and air-conditioning (HVAC) system plays a significant role in the 
success of the housing system selected. When using conventional caging systems, high levels of air 
changes, such as the 10–15 air changes per hour recommended by the Guide, reduce the odors and 
allergens in the animal rooms (Korpi et al. 2007). The use of IVC systems and isolators may remove the 
requirement for the high level of air changes for the control of odors and dander, especially if the racks 
exhaust directly into the building exhaust. However, the motors associated with these units also add a 
heat load to the room, which often requires that the air changes per hour remain high to prevent the ani-
mal housing room from warming.

Control of temperature at the animal housing room level is targeted to be within 1°–2° of the estab-
lished set point. Recently, more consideration has been given to the effect of the IVC on the housing 
environment of the cage. As air changes per hour at the cage level can be rather high (upward of 60 air 
changes per hour in some models), there is a possibility of drafts and chilling of the cage inhabitants. For 
this reason, it has been recommended that the lowest air changes per hour required to remove gases be 
utilized and that nesting material be provided to rodents, to allow them to thermoregulate. All this is very 
dependent on the system that is in use, which is why it behooves the laboratory animal facility personnel 
to be familiar with how the air flows in and out of the cages and to be observant of how their animals are 
using the space and enrichments provided.

When working with IVC, isolators, and the modern computerized metabolism systems, emergency 
power is absolutely critical. Because these systems require forced air, if the power to the fans is dis-
rupted, the levels of ammonia, carbon dioxide, and relative humidity, and the temperature in the housing 
environment of the cages can rise very quickly, resulting in the death of animals (Huerkamp et al. 2003). 
Conventional housing does not have this risk, although emergency power is still recommended to ensure 
that the HVAC and light cycle for the animal housing room are consistent during extended outages.
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Sanitation

The Guide is a primary resource for animal facility managers and Institutional Animal Care and Use 
Committees (IACUCs) when selecting and approving standard operating procedures for maintenance 
and sanitation of primary enclosures. Housing density, cage change frequency, bedding material, and 
the use of ventilated caging affect the housing environmental conditions (Reeb-Whitaker et al. 2001; 
Rosenbaum et al. 2009). The frequency of bedding changes and cleaning and disinfection of the cage is 
a primary consideration for the maintenance of environmental conditions appropriate for animal health 
and well-being (NRC 2011). Fluctuations in these parameters can cause alterations in metabolic or physi-
ologic processes, as well as disease susceptibility. The Guide utilizes performance standards such as 
temperature, humidity, and concentration of gases and particulate matter to support the selected fre-
quency and intensity of cleaning and disinfection. The frequency and intensity of sanitation also depend 
on specific physiologic and behavioral characteristics of the species being housed, the use and type of 
bedding material, and the rate and degree of soiling of the enclosure surface.

The accepted practice for sanitation of solid-bottom cages is once per week, with sanitation of equip-
ment and accessories such as cage lids once every 2 weeks (NRC 2011). The use of IVC has increased the 
sanitation interval for solid-bottom cages to 2 weeks, as these cages receive frequent HEPA-filtered air 
changes. Increased intracage ventilation removes excess humidity and waste gases from cages, reduces 
disease transmission, and maximizes the efficient use of space and personnel resources (Reeb et al. 
1998; Carty 2008; Rosenbaum et al. 2009). Recommended cage sizes for rodents are primarily based on 
the weight of the animal and the numbers of animals per cage; however, as cage density increases, cage 
change frequency must also increase to prevent accumulation of waste gases (Gonder and Laber 2007; 
Rosenbaum et al. 2009, 2010). Standard practices in many rodent breeding facilities permit less frequent 
cage changes to prevent disruption of newborn pups; however, studies with C57BL/6NTac mice and 
NTac:NIH-Whn rats indicate that breeding performance may not be impacted by disruption of neonates 
during the cage change-out (Sanderson et al. 2010).

In terms of sanitation, bedding provided in rodent cages can act to absorb moisture, minimize bac-
terial growth, limit animal contact with excreta, and reduce the accumulation of intracage ammonia 
(NRC 2011). Several bedding materials are available for rodents, including corncob, wood chips, paper 
products, and grass fiber pellets. Bedding should be evaluated for absorbency, biodegradability, tox-
icity, dust, palatability, comfort, cost, availability, damage to cage washers, animal preference, and 
effect on research (Wirth 1983; Ras et al. 2002; Smith et al. 2004; Domer et al. 2012). Soiled bedding 
should be changed “as often as necessary” to keep ammonia levels low and animals clean and dry. 
Intracage ammonia concentration is influenced by temperature, humidity, ventilation, urine, and bac-
teria. Humidity may be influenced by ventilation or bedding material, with highly absorbent materials 
and increased airflow decreasing intracage humidity levels (Lipman et al. 1992). Intracage ammonia 
is produced by the combination of urine and urease-producing bacteria found in feces and processed 
bedding material. The initial bacterial content in bedding can be controlled by autoclaving prior to use 
(Reeb et al. 1998). Disadvantages of autoclaving bedding include personnel time, autoclave energy con-
sumption and maintenance costs, and loss of absorptive capacity of the bedding material. Although a 
correlation between cage appearance and animal health has not been documented, human perception of 
cage cleanliness remains a significant factor in the determination of cage change frequency (Rosenbaum 
et al. 2009; Domer et al. 2012).

Selection of the appropriate plastic materials is an important consideration for the maintenance and 
sanitation of cages (Demorotski 2008). Frequency of cage change-out, type of detergents, autoclaving, 
and water quality and temperature will impact cage longevity. Deterioration of plastic and residue depo-
sition from the sanitation process may cause cages to become opaque. Opaque cages make visualization 
of the animal difficult and increase the time required for animal health observations. Hard water and 
calcium buildup on cages may be removed by manual scraping, which may damage the plastic, or by 
use of chemical rinses, which may damage expensive cage wash equipment (Chipps et al. 2012). Routine 
examination and treatment or removal of damaged or opaque plastic should be performed to ensure con-
tinued effective sanitation and clear observation of the animal. Likewise ventilated caging systems that 
utilize air nozzles that penetrate the cage should routinely be examined for occlusion by hair, bedding, 
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food particulates, or debris to ensure that appropriate airflow is maintained to the cage. Occluded nozzles 
may result in increased humidity and accumulation of ammonia within the cage (Creamer et al. 2014), 
necessitating more frequent cage change-outs.

Water

Animals must have access to potable, uncontaminated drinking water (NRC 2011). Water entering an 
animal research facility is typically supplied by a local source and meets the standard necessary for 
human consumption (Hessler 2011). Most groundwater in the United States contains significant lev-
els of calcium, magnesium, or iron, which may cause mineral scale to develop within pipes or sipper 
tubes. Water treatment with ultrafiltration or reverse osmosis (RO) provides high-quality drinking water 
and reduces the potential for scale to form on equipment or within pipes. Further treatment of animal 
drinking water by hyperchlorination (12–15 ppm) or acidification (pH 2.5–3) has been used to limit the 
growth of opportunistic microorganisms that may have a negative impact on transgenic or immunosup-
pressed rodents (Hessler and Lehner 2009). The choice of water delivery system is determined by spe-
cies, facility, and type of water available. Water may be supplied to cages by water bottles, pouches (i.e., 
Hydropac®), or automatic water systems (Figure 21.5b). A detailed discussion of water treatment and the 
pros and cons of the different cage delivery systems is provided by Allen et al. in Chapter 28 of this book.

The use of closed-top or specialized caging systems to maintain barrier classifications for rodent 
housing has implications for water delivery and consumption. Water intake by rodents has been shown 
to be affected by intracage humidity (Hoyt et al. 2007) and type of caging (Memarzadeh et al. 2004; 
Rosenbaum et al. 2010). The increased use of ventilated racks for housing rodents has raised concerns 
about the potential for higher airflow to cause dehydration (Bekkevold et al. 2013). Conversely, higher 
intracage humidity has been reported to be associated with decreased water consumption by mice housed 
in closed-top ventilated and static microisolator cages (Memarzadeh et al. 2004; York et al. 2012). Wire 
bar or smooth plastic cage lids are molded to accommodate water bottles or bags as a separate compo-
nent of the rodent cage. Cage lids are designed to allow the water bottle or bag to be added either exter-
nally, that is, outside the closed cage lid, or internally, that is, completely captured within the bonnet of 
the cage lid. The definition of barrier status at the level of the cage may dictate the need for a particular 
style of cage lid.

Automatic water systems are a common mechanism for the delivery of potable water to a variety of 
small laboratory animal species. Ventilated rodent racks may support automatic water systems with 
water valves permanently attached to the rack, removable valves attached to the rack, or valves attached 
permanently to the inside of the cage. Water valves permanently attached to the inside of the cage pro-
vide challenges for sanitation, requiring more attention for removal of bedding that may become caught 
up around the inverted stem. Water valves that remain affixed to the rack provide the opportunity for 
cross-contamination of cages if cage locations are inadvertently switched during cage change-out or dur-
ing experimental procedures. Recommendations for sanitation and maintenance of automatic watering 
systems have been proposed for certain predefined conditions (Gonzalez et al. 2011; Molk et al. 2013); 
however, unique standard operating procedures should be developed to meet the individual facility and 
equipment conditions.

Changing Stations and Biological Safety Cabinets

When working with static microisolators or IVC, a changing station is a critical tool to ensure that the 
cage-level containment is not compromised. Most changing stations are built with a laminar flow design, 
where HEPA-filtered air is forced across the work surface, providing protection to the animals in the 
cage, and then captured and exhausted out through an additional HEPA filter to provide allergen protec-
tion to the animal housing room and the personnel working with the caging. However, the placement of 
HEPA filters is not consistent, and the design of the unit should be evaluated to ensure that it is perform-
ing in a way that meets the intended need. The design can have the air flowing from the back of the unit, 
across the work surface, to the front of the unit, or it can have a top-down configuration, where the air is 
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forced from the ceiling of the cabinet down onto the work surface, and collected to be exhausted at the 
work surface (Figure 21.7). Both of these configurations provide excellent bioprotection for the majority 
of rodent pathogens and allergens, although they do not provide appropriate guarantees of protection 
of the worker from possibly infectious zoonotic pathogens or from exposure to chemical contaminants, 
such as isoflurane.

When working with agents that are listed at biosafety level 2 or higher, a changing station will not 
provide sufficient personnel protection and a biological safety cabinet (BSC) should be used. Class I bio-
safety cabinets are generally not advised for use in an animal facility. These units provide personnel and 
environmental protection, but no product (animal) protection, thus compromising the biocontainment 
established with the use of static filtration or IVC. Class II cabinets protect the animals, the animal hous-
ing room, and the personnel. There are four subtypes of Class II cabinets. Types A1 and A2 blow the air 
over the work surface from the top of the cabinet. The air is exhausted at the bottom of the cabinet and 
returned to the top, where 70% of the air recirculates through the system HEPA and 30% is exhausted 
through the exhaust HEPA. These are normally “thimble” ducted, but they do not have to be ducted to 
operate properly. The difference between Type A1 and A2 cabinets is in the inflow velocity of the supply 
air. Type B1 and B2 cabinets must be hard-ducted to an exhaust system (Figure 21.8). In these cabinets, 
60% of the air is exhausted and only 40% is recirculated. These cabinets can be used with chemical 
hazards, in addition to biological hazards, due to their configuration. Class II cabinets are the style that 
is commonly used in most laboratories. Class III cabinets are generally reserved for maximum contain-
ment laboratories.

FIGURE 21.7 Example of a laminar flow workstation. In this configuration, air is HEPA filtered in the top of the unit and 
forced down over the work surface. Exhaust ports on the edges of the work surface collect the air for additional filtration 
before the air is exhausted into the room. (Photo by Deb Hickman.)
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Barrier Housing

The use of barrier housing for rodents has become the standard for housing research and breeding ani-
mals (Hessler 2011). Barrier facilities are classified on the basis of operational criteria that are used to 
protect animals from unwanted or excluded organisms (Committee on Infectious Diseases of Mice and 
Rats 1991). The need for barrier housing has expanded with the use of immunocompromised, fragile, 
or extremely valuable transgenic animals. The barrier may exist at the cage, room, or facility level. In 
addition, specialized caging and equipment, such as ventilated racks, flexible film, or hard-sided isola-
tors, may be utilized to create a barrier within a specific area of an animal facility (Hessler 2011). The 
criteria for classification of a barrier system consist of a number of factors that have not changed over 
the years (Committee on Infectious Diseases of Mice and Rats 1991): (1) quality, number, and source of 
animals; (2) frequency and method of animal introduction; (3) processing of materials into the barrier; 
(4) entry of personnel into the barrier; (5) environmental systems (HVAC, temperature, and lighting); 
and (6) monitoring practices.

The effective maintenance of a barrier requires the development of standard operating procedures that 
are understood and supported by all personnel. Designation of entry order based on the criteria listed 
above may be applied to the closed microisolator cage, room, or facility access. Establishment of the 
barrier at the cage level requires specialized handling procedures, sanitized microisolator caging, and 
sterile water, food, and bedding (Baker et al. 2014). Barrier facilities may be managed at different levels 
of microbiological control, which in turn dictates the way in which supplies and personnel enter the 

FIGURE 21.8 Example of a BSC suitable for use with biological hazards. (Photo by Deb Hickman.)
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facility. Movement of materials and personnel should always travel from the “cleanest” to the “dirtiest” 
areas, with barrier-specific requirements for personnel to shower and/or change clothes prior to reentry 
from a dirtier to a cleaner barrier area. Materials or supplies that are cleaned or set up outside of the bar-
rier may be wrapped or autoclaved for transport into the barrier. The use of pass-through autoclaves may 
eliminate the need for wrapping and unwrapping of supplies transported into the barrier (Hessler 2011). 
Conversely, the utilization of irradiated food and bedding may decrease employee time spent autoclaving 
supplies. Laminar flow rooms, biosafety cabinets, and change stations allow for animals to be handled 
outside of the barrier of the cage and still maintain strict barrier status.

The use of personal protective equipment (PPE) is an integral component of the barrier manage-
ment practices designed to maintain animals free of excluded organisms. Animal care personnel are 
often required to enter through a vestibule with interlocking doors, where sterile outer garments or 
uniforms are donned prior to entry into the barrier facility (Hessler 2011). In addition to a sterile lab 
coat or uniform, typical PPE for entry into a barrier includes hair bonnet, face mask, shoe covers, and 
gloves (ACLAM 2010). The general consensus within the laboratory animal community is that PPE is 
important; however, recent discussion regarding PPE has focused on determining what amount of PPE 
is essential for disease control versus what is worn as part of historical practices (ACLAM 2010). The 
increased use of microisolator and individually ventilated rodent caging systems has been shown to 
be very effective at controlling pathogen transmission between cages within the same room, and even 
on the same rack, for a variety of disease outbreaks (Clough et al. 1995; Hasegawa et al. 2003; Bohr 
et al. 2006). A shift in the definition of the barrier unit from the facility or room to the cage level may 
allow for decreased use of some PPE and still maintain barrier status (Hickman-Davis et al. 2012; 
Baker et al. 2014).

Enrichment

All species evolved in a rich world of experiences, but in order to reduce variability in studies, small 
rodent housing environments can be quite barren, resulting in aberrant behavior and physiology in some 
animals (Olsson et al. 2003; NRC 2011; Weary 2013). Although it has been assumed that a standard-
ized environment results in standardized animals, the concerns with this assumption are demonstrated 
repeatedly in colonies of genetically identical rodents where there are behavioral differences in incidence 
of maternal cannibalism, fighting, and self-destructive compulsive behaviors. Therefore, a more appro-
priate animal model would be one raised and living in an enriched environment (Smith and Corrow 
2005; Arranz et al. 2010; Konkle et al. 2010). Continual improvements in understanding and technol-
ogy should be used to reduce and refine animal use (Russell and Burch 1959). Enrichment needs to be 
a committed part of every institution’s budget and management plan (Patterson-Kane 2011). This is 
necessary to nurture not only the animals under our care, but also the staff that provide the care. When 
unsupported by the institution, caring personnel may enrich animals on their own, resulting in a loss of 
personal resources for staff and the very real possibility of unaccounted for variables for animal studies 
(Patterson-Kane 2011).

There are many ways to enrich animals because animals have a variety of behaviors to fulfill. 
Enrichment strategies can be broken down into several general categories: social, bedding, nesting, 
shelters, oral, exercise, scent, and sound. Unfortunately, there is no one perfect “best enrichment” prac-
tice or formula. Allowable and ideal enrichment strategies change depending on facility operation, 
study design and intent, animal strain, and individual animal preferences (Baumans 2005). When strat-
egizing a complete enrichment plan, many considerations must be taken under advisement. For some 
institutions, it is preferable to invest in durable devices that can be sanitized and reused; others may 
find it better to use disposable devices. When reusable items are employed, they should be considered a 
potential vector, with impacts on cleaning and quality control monitoring (Smith and Hargaden 2001). 
Understanding of the species and strain needs is also critical. For example, an enrichment device can 
be a resource to be guarded and result in escalated aggression, especially in some group-housed male 
mice (Howerton et al. 2008).
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Using a positive psychology approach to environmental enrichment, the first step is defining the ideal 
quality of life for each species (Olsson et al. 2003; Timmins et al. 2007). An international panel of 
12 experts determined that welfare usually refers to observable and measurable experiences of an ani-
mal, whereas quality of life describes animals’ mental state (Timmins et al. 2007). Often, the picture 
of quality of life is established using the concept of these animals in the wild or as pets. The goal then 
should be to continually move toward that standard.

Social

The Guide recommends housing social animals with conspecifics as a default (NRC 2011). It is through 
play with other young and interactions with adults that animals learn important social skills, such as 
fighting, appeasement, mating calls, and parenting (Panksepp and Beatty 1980; Varlinskaya et al. 1999; 
Burgdorf et al. 2008; Viegas 2010; Kulesskaya et al. 2011). A social partner can be a soothing presence 
during times of stress, a playmate for exercise, and with the rise of IVC, a partner to share body heat. 
Mice in isolation show higher heart rates and disruptions in sleep patterns than pair-housed mice (Spani 
et al. 2003). The importance of social housing is illustrated in a study that demonstrated that a mouse will 
choose to be with a historically aggressive mouse over solitary housing (Van Loo et al. 2003).

Social enrichment may also be in the form of positive interactions between animals and their handlers. 
Although it is impractical in many facilities due to the large number of animals, gently handling animals 
does have its rewards. This can be done with young animals, for a few minutes a day, or even with adult 
animals that will be handled for procedures. Habituation is the simplest form of learning, and it has the 
benefit of reducing the novelty, and accompanying fear, of human handling (Varty et al. 2000). Handlers 
should keep in mind that every interaction with an animal is a training session; therefore, calm, gentle, 
respectful handling should be practiced during every encounter.

Bedding

In general, bedding is a standard addition to cage bottoms for the purpose of absorbing waste. There 
are many bedding options, including various wood, corn, and paper products. As burrowing creatures 
in the wild, some rodents prefer deep bedding (Freymann et al. 2014). Unfortunately, this practice is not 
practical for widespread institutional use, because it would add significant cost and ergonomic risk due 
to increased weight of the bedded cages.

Nesting

A common mistake is to assume that bedding and nesting in a cage are the same. Bedding can be consid-
ered the litter pan of the cage, and serve a similar purpose (unless provided in such volume as to also be 
able to be used for burrowing). Animals have been shown to give off separate pheromones in relation to 
these two different purposes (Van Loo et al. 2000). Nesting materials are used by rodents to build areas 
for warmth, sleep, and relaxation (Van Loo et al. 2004; Winnicker 2012; David et al. 2013; Gaskill et al. 
2013b). Nesting material is likely the best single enrichment device for mice, coming also in a variety 
of options, most commonly facial tissue, paper strips, and compressed cotton (Hutchinson et al. 2005, 
2012; Smith and Corrow 2005; Kulesskaya et al. 2011; Narver 2013). Recently, there has been a rise in 
the popularity of paper strips, as they allow mice to weave complex nests, as seen in the wild (Hess et al. 
2008; Gaskill et al. 2012, 2013a). As always, selection of the best nesting material will depend on strain, 
study, and institution. Nude or hairless mice can get conjunctivitis from fibers of nesting material. Weak 
mice may lack the constitution required to make use of compressed cotton or even paper strips. Some 
nesting materials may strangulate or stick to neonates, causing injury or death (Smith and Corrow 2005). 
Rats tend to use nesting material to form bedded resting areas rather than enclosed nests, but it has been 
shown to be a valid enrichment option that rats will work to acquire (Manser et al. 1998; Van Loo and 
Baumans 2004) (Figure 21.9).
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Shelters

In-cage shelters provide both mice and rats respite from the drafts of ventilated caging, the ability to 
withdraw from bright lights, a place of security or escape from cage mates, and a place to hide from per-
ceived predators. Rats will stay in a nest box for the duration of a room’s light cycle, and when a shelter is 
not available, will retreat to a darkened cage corner (Manser et al. 1998). Although it conceals them from 
husbandry staff, rats prefer opaque shelters with enclosed corners (Manser et al. 1998) (Figure 21.10).

Diets, Treats, and Gnawing

Foraging is a positive time expense for many species; in fact, mice prefer to search for food, even when 
it is readily available (Baumans 2005; Pritchett-Corning et al. 2013). In the absence of adequate nesting 
material, mice can compensate for the thermal stress of IVC by food grinding for higher-energy parts of 
food (Pritchett-Corning et al. 2013).

Rats demonstrate a clear preference for gnawing enrichment (Smith and Corrow 2005). Gnawing is 
an activity that should be understood to be different from eating. It is reasonable to expect some small 
pieces of gnawing enrichment to make their way through the gastrointestinal tract; however, these small 
pieces generally tend to be innocuous (Smith and Hargaden 2001), assuming that the devices have been 
assessed to ensure they are nontoxic (Figure 21.11).

Exercise

An exercise wheel is the most common tool utilized to stimulate exercise within a cage. The challenge 
in providing this for lab animals is finding a design that will fit and remain stable within a typical shoe 
box–style cage. When available, rodents do make use of them with resulting beneficial effects (Leggio et 
al. 2005; Neuman et al. 2013). Other options for in-cage exercise opportunities can be provided via a tra-
peze or hook hanging from the hopper. Additionally, expanding the vertical space of cages (Figure 21.12) 
(Wheeler et al. 2014) or including shelves to increase the environmental complexity has been shown to 
increase the quality of life of laboratory rodents.

FIGURE 21.9 Example of nesting material use in rats. In this case, the rat was provided with two styles of nesting material—
cotton batting and shredded paper. Note how the rat has created a shelter, which it is climbing out of, and how the cotton is 
used to line the bottom of the cage. (Photo by Deb Hickman.)
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(a)

(b)

(c)

FIGURE 21.10 Examples of intracage shelters. These come in a variety of styles and are fabricated from a variety of 
materials, including plastic (a, c) and paper (b). (Photo by Deb Hickman.)
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FIGURE 21.11 Examples of gnawing devices. The top devices are fabricated from wood. The bottom devices are fabricated 
from a variety of plastics. The variety in firmness can create novel gnawing experiences for the rodents. (Photo by Deb Hickman.)

(a)

(b)

FIGURE 21.12 Example of a multilevel caging system for rodents. (a) Note the rats utilizing the upper shelf, while 
(b) provides a detailed view of the shelf that bisects the cage. The shelf and space to stand provide a complex environment 
for the rodents.
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Sound and Scent

Noise stress (such as a fire alarm, motor vibration, and loud in-room human activity) has been demon-
strated to have an adverse effect on breeding and stress levels (Castelhano-Carlos and Baumans 2009; 
Alworth and Buerkle 2013). Although music has been shown to have a beneficial effect on captive ani-
mals (Whiteman 2001; Wells et al. 2002; Boone and Quelch 2003; Hutchinson et al. 2005; Menon and 
Levitin 2005; Ying et al. 2007; Leeds and Wagner 2008; Davila et al. 2011; Kogan et al. 2012; Alworth 
and Buerkle 2013), it is unclear if this is a direct effect of the music itself. It is possible that it is an 
indirect effect resulting from the possibilities that the music enrichment serves to mask other unpleas-
ant vivarium noises, has a calming effect on caretakers that extends to the animals, or serves as mental 
stimulation in the otherwise monotonous cage (Burgdorf et al. 2008; Leeds and Wagner 2008; Alworth 
and Buerkle 2013). If employed, calming music should be used, at a conversational (or lower) level, and 
it should be turned off at the end of each workday (NRC 2011). Music after a noise stress or restraint has 
been shown to reduce stress levels in mice, and rats exposed to music composed by Mozart had a signifi-
cant reduction in blood pressure as long as 2 hours postexposure (Alworth and Buerkle 2013).

Scent is a critical component of rodent communication. The role of pheromones in the synchroniza-
tion of the reproductive cycle (Brennan 2010), social facilitation (Stockley et al. 2013; Semple et al. 
2014; MacRae et al. 2015), and signaling of distress (Inagaki et al. 2010; Voznessenskaya 2014) has been 
described, but is still not well understood. As nesting material can contain “appeasement” pheromones, 
movement of the nest to a new cage at the time of cage change may help to decrease aggression between 
mice (Whary et al. 2015). Additional studies are ongoing to determine how scents and pheromones can 
be used to improve the quality of life for laboratory rodents.

Emerging Technologies

Improvements to the operational efficiencies of animal facilities represent a rapidly progressing arena. 
By the time this book is published, it is a certainty that there will be new technologies available to 
improve the quality of life of animals and the efficiencies of the animal facilities. This section addresses 
some currently emerging technologies as examples of the opportunities that are coming.

Automated Census

The accurate collection of census data is critical for the vast majority of animal facilities that rely on 
per diems to provide the fiscal support for their operation. Bar code scanning has been a significant 
improvement over manual counting of cages, but it still requires that each cage be scanned individually 
to be counted. The use of wireless technology and radio frequency identification (RFID) has provided an 
opportunity for significant improvements in operational efficiencies. These systems allow the cages to 
essentially self-report their presence, fully automating the census-taking operation.

Alarms

Technology is also providing opportunities to intervene in cases of equipment malfunction at the level 
of the cage. Automated systems that alert a user when a cage is not engaged properly to IVC can help 
detect in real time that the cage is receiving appropriate air changes or access to an automatic watering 
system. Some manufacturers have developed IVC racks that integrate with the facility animal housing 
room monitoring systems to alert facility staff when there is a concern with a particular rack. Ultimately, 
technology will allow alerts at the housing environment level as well.

Thermoregulation at the Cage Level

Recognition that the animal housing room is generally kept at temperatures that are comfortable for 
humans, but could be cool for rodents, has become another area for potential refinement. The potential 
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cooling of rodents is further complicated by the relatively high air changes per hour that are present in an 
IVC housing environment. Additionally, there are some studies that show that cold stress of the rodent 
model can negatively affect research results, such as tumor growth (Kokolus et al. 2010, 2014). To ame-
liorate this issue, provision of nesting material has been recommended, as this allows the mice to behav-
iorally thermoregulate (Gordon et al. 2014; Maher et al. 2015). To support some tumor growth studies, 
recommendations have been made to increase the temperature of the animal housing room. Additionally, 
some caging manufacturers have developed caging systems that will allow the housing environmental 
temperature of the cage to be elevated without affecting the room temperature.

Research Impact and Considerations

The effect of the housing environment on experimental variables is an area of ongoing active evaluation 
between scientists and the animal facility staff. The use of filtration tops for rodent caging was driven 
by the understanding that exposure to pathogens resulted in confounding variables in a wide variety of 
studies, including studies that are affected by challenges to the immune system, such as tumor growth 
(Baker 1998). Additionally, scientists who are concerned about the development and functioning of the 
brain often have concerns about changes in the housing environment that may affect the development or 
behavior of the animals that they are studying (Toth et al. 2011; Toth 2015). Inappropriate social groups 
and provision of environmental enrichment that might create distress for the animals are also confound-
ing variables that must be evaluated in consideration of selection of the appropriate housing environment 
to be provided (Toth et al. 2011). Light contamination can result in alterations of tumor growth (Dauchy 
et al. 2013), as can changes in the temperature of the macro- and housing environment (Kokolus et al. 
2014). Some strains breed well in IVC, while others do better in static filtration or conventional situa-
tions. Because there is so much variation in the range of scientific evaluations that are performed on a 
daily basis, laboratory animal professionals are highly encouraged to work closely with their scientific 
colleagues when evaluating the options that are available for housing environments.
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Introduction

The trend to provide larger, social, more complex and enriching, naturalistic housing for research animals 
is driven by growing expectations or requirements from the public, changes in the scientific knowledge 
regarding animal welfare needs, animal care and research staff, funding and accreditation agencies, and 
national or regional animal welfare regulatory entities. All species of laboratory animals have ancestral 
or wild counterparts, which may provide relevant information specific to housing and management prac-
tices that promote well-being and natural behaviors. The concept that the research environment should 
allow the animal to live in a manner for which it was designed or has evolved in nature is beginning to 
bridge a gap between research animal ethics and animal welfare science. A focus on the species-specific 
“telos,” how the animal is hardwired in nature, be it gregarious, nocturnal, arboreal, a flyer, or a hopper, 
assists our approach to fostering the best welfare experience possible within the practical constraints of a 
laboratory facility (Fraser 1999). A similar need exists to balance the species-specific telos and the needs 
of research and available resources to support those needs.

The objective of this chapter is to provide scientific information for the facility manager, researcher, 
or veterinarian specific to opportunities for housing and managing four large laboratory animal species: 
rabbits, nonhuman primates, cats, and dogs. The intended goal is to meet oversight agency requirements 
while considering their natural history (telos) and the practical husbandry and operational needs to pro-
mote good science.

Priorities

Oversight Organizations

International research animal welfare regulatory agencies considered in this chapter are United States 
and European centric. They are the U.S. Department of Agriculture (USDA) Animal Welfare Act 
Regulations (AWA Regulations) and Appendix A of the European Convention for the Protection of 
Vertebrate Animals Used for Experimental and Other Scientific Purposes, including Article 5 of the 
convention, Guidelines for Accommodation and Care of Animals (ETS 123) (Council of Europe 2006). 
These are considered minimum standards, and some institutions may want to meet or even exceed the 
minimum regulatory standard. These choices are not intended to minimize utility of other countries’ 
or regions’ animal welfare regulations. Canadian animal welfare legislation for research animals falls 
under provincial jurisdiction, where most provinces have adopted the Canadian Council on Animal Care 
(CCAC) guidelines, which are currently under revision (CCAC 1993). There is impressive growth in 
Asian research animal care programs pursuing AAALAC International accreditation. A draft proposal 
of an animal protection law, released in 2009 in China, remains yet to be adopted by the legislature. A 
Prevention of Cruelty to Animals (PCA) Act was established in India in 1960, with subsequent legisla-
tion requiring the Committee for the Purpose of Control and Supervision of Experiments on Animals 
(CPCSEA) to regulate experimentation on animals following “Breeding of and Experiments on Animals 
(Control and Supervision) Rules, 1998,” as amended in 2001 and 2006 (Bayne et al. 2015). Federal laws 
designed to promote the humane care and use of research animals exist in many other countries, includ-
ing Brazil, Australia, and New Zealand (Mellor and Bayvel 2008; Trez 2010). Since all the regulations 
governing research animal welfare listed above include housing space metrics and management prac-
tices within the ranges promulgated by the USDA AWA Regulations and ETS 123, the information in 
this chapter remains globally relevant.

The Guide for the Care and Use of Laboratory Animals, Eighth Edition (Guide) (NRC 2011) describes 
guidelines for vertebrate laboratory animal housing and care performance standards to be met and fol-
lowed as a condition for institutions awarded research funding by the National Institutes of Health (NIH). 
The Association for Assessment and Accreditation of Laboratory Animal Care International (AAALAC 
International 2015), the only global organization performing peer review, assessment, and accreditation 
of institutions using animals in research, testing, and teaching, uses the Guide as a primary reference, 
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in addition to relevant federal or territorial regulations. The Guide will also be used in this chapter for 
referencing housing and management expectations for nonhuman primates, rabbits, dogs, and cats.

Welfare

Animal welfare, the state of an animal’s quality of life, is measured on a continuum of poor to good. The 
concept of “Five Freedoms” has been considered and widely discussed and applied to the care of farmed 
livestock to assess animal welfare (Brambell 1965). The Five Freedoms are freedom (1) from hunger 
and thirst; (2) from discomfort; (3) from pain, injury, or disease; (4) to express normal behaviors; and 
(5) from fear and distress. A more positive interpretation of the Five Freedoms has been proposed for 
zoo animals as Five Opportunities to thrive (1) receiving nutritionally complete diets resulting in natural 
feeding response and behaviors, (2) affording living experiences with choice and control, (3) experienc-
ing good physical health, (4) providing spaces to live in appropriate social groups promoting natural 
behavior, and (5) experiencing healthy stress responses, challenges, and coping skills, avoiding distress 
and chronic stress (Vicino 2015). These same principles may be applied to laboratory animals across all 
species. The space (floor, vertical, and cubic area) and features designed for environmental enrichment 
(rearing, hopping, climbing, swinging, swimming, etc.) with respect to the natural history of the species 
are discussed. In addition to the physical aspects of housing, such as substrates, perches, shelving, and 
privacy nest boxes, behavioral enhancement and enrichment strategies, including choice between items, 
foraging opportunities, social experiences, reproduction, and positive human interaction, are considered 
for each of the four species.

Husbandry

The practical husbandry aspects of laboratory animal housing must also be considered. The increased 
complexity and size of animal housing choices may pose challenges to effective sanitization and have 
a major impact on the capacity of the facility. While the Guide offers flexibility in frequency of bed-
ding changes and waste removal from daily to weekly and primary enclosure sanitation done at least at 
2-week intervals, the required staffing numbers will vary widely depending on many variables, includ-
ing housing density, types of surfaces, style of movable or fixed caging or pens, and the availability of 
swing space. Animal and personnel safety, including ergonomics and zoonotic hazard exposure, must 
be considered with the selection of housing options (NRC 2003). Provision of food or water on dif-
ferent schedules (restricted amounts, intermittent schedules, or ad lib) in a variety of housing types, 
from caging to pens, with animals housed singly or in groups, may create difficulties for animal care 
and research staff. Appropriate management of environmental factors, such as heating, ventilation, and 
air-conditioning (HVAC); light intensity, spectrum, and cycle; noise and vibration; and usage of visual 
stimulation, provides opportunities to enhance the animals’ experiences (NRC 2011). For all these hous-
ing and management considerations, the cost or risk, for example, labor, materials, inconvenience, or 
animal incompatibility, must be weighed against the benefits, such as improvement in animal health and 
welfare, staff morale, and scientific outcomes.

Supporting Research and Emerging Technologies

The animal housing and management styles should not interfere with or compromise the scientific goals 
of the research. Ideally, they should enhance or provide a refined or more efficient approach to the 
research. Accessing animals for research activities may be facilitated with switch gates, doors, and ves-
tibules. Operant conditioning and training promoting target training, stationing, switching, and crating 
provides a win–win, nondistressful, and safe experience for both the animal and handler. Giving the 
animals, especially nonhuman primates, a choice to participate in neuroscience research with cage- or 
pen-mounted touchscreens or joysticks provides more data over time. Use of the home cage negates the 
need to manage the animal with a pole and collar and/or chair restraint with subsequent transport to the 
lab, resulting in less stress to the animal and greater safety for personnel. Telemetry devices, internally 
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implanted or externally protected in a jacket, provide 24/7 monitoring of unrestrained animals for physi-
ological parameters, including blood pressure, temperature, heart and respiratory rate, and activity using 
waterproof receivers mounted inside home cages and pens.

Cost–Benefit

With limited research funding, regulatory burden, and ever-increasing animal and animal care costs, 
the reality of cost-effective operations significantly, and understandably, influences choices for animal 
housing and management (Haywood and Greene 2008). While the up-front capital cost of movable or 
compartmentalized caging or pens, which may be mechanically sanitized consistently at a high water 
temperature in a rack washer, may be staggering, the return on that investment may be offset in the long 
run by savings in labor associated with meticulous hand washing and sanitizing fixed pens or cages. 
Moving animals safely away from the spray, detergents, and disinfectants as required by the Guide and 
AWA Regulations while hand sanitizing fixed pens or caging requires swing space or large enclosures. 
Occupational health issues in all aspects of cage washing, including transporting soiled caging to cage 
wash, the potential for exposure to zoonoses and chemicals, and other occupational health and safety 
issues, like exposure to allergens and repetitive motion injury during hand washing, and concern regard-
ing entrapment in a rack washer remain occupational health risk assessment priorities. Regular evalua-
tion of sanitation effectiveness may yield more consistent results with mechanized cage washing systems 
than hand sanitization (Bayne and Davis 1983; Lloyd-Evans et al. 1986; Wardrip et al. 2000; Trachoo 
and Frank 2002; Luchins et al. 2011).

The rationales for selecting particular animal housing and management systems, including improved 
animal welfare and health, the promotion of natural behaviors, making enrichment biologically relevant, 
the management of stereotypies, enhancing staff morale, and increasing research efficiencies, should be 
considered when performing a cost– or risk–benefit analysis (Newberry 1995; Baumans 2005; Tarou and 
Bashaw 2007).

Nonhuman Primates

Welfare

Space

Primatologists and behaviorists for all species of nonhuman primates argue that using one factor, body 
weight, to determine minimum cage size is insufficient and provides no assurance that the animals’ 
physical, behavioral, and social needs are being met because of the complexities of their behavioral 
repertoires. Nonhuman primates with overlapping body weights, such as crab-eating or long-tailed 
macaques (Macaca fascicularis) and rhesus macaques (Macaca mulatta), have adapted to very different 
niches in the wild. This evolutionary divergence, regardless of similar body masses, requires more atten-
tion to providing an arboreal cage or pen experience with three-dimensional climbing opportunities and 
perches for crab-eating macaques than for the more terrestrial rhesus macaque. Attention to the animal’s 
natural history during cage design promotes improved psychological well-being, as evidenced by crab-
eating macaques demonstrating less self-injurious behavior in vertically designed caging (Buchanan-
Smith et al. 2004). In another study, individually housed rhesus and crab-eating macaques preferred to 
spend the majority (68%) of their time in the upper tier of a one-over-one cage, regardless of illumination 
levels (MacLean et al. 2009). While body weight provides a simplistic and easily legislated starting 
point for determining minimum cage space, the species-typical behaviors and adaptations for survival 
in nature must be considered.

Larger housing spaces for nonhuman primates often, but not always, promote good welfare. The 
required minimum floor and cubic space available to all nonhuman primates is significantly greater in 
the ETS 123 European standards (Table 22.1) than in the USDA AWA Regulations and the Guide (Table 
22.2). Common marmosets (Callithrix jacchus) displayed significantly higher levels of locomotion after 
only increasing the vertical dimension of caging (Kitchen and Martin 1996). The behavioral benefits 
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displayed by nonhuman primates housed in naturalistic exhibits in zoos using soft architecture, such as 
pools, tree branches, leafy browse, ropes, and hammocks, instead of metallic or stainless steel surfaces 
and climbing structures were predicted to in the future afford the same benefits in nonhuman primate 
research institutions (Maple and Finlay 1989). Such foreshadowing has been realized in research facili-
ties providing pools of water for macaques (Robins and Waitt 2011), rope swings and hammocks for many 

TABLE 22.2

Comparison of Minimum Cage Space Requirements for Nonhuman Primates per AWA Regulations 
and the Guide

AWA Regulations Groups
Body 

Weight, kg

AWA Regulations
Minimum Space Guide Groups 

across All 
Nonhuman Primate 

Species

Guide Minimum 
Space

Floor Height, 
m2 (cm)

Floor Height, 
m2 (cm)

Marmosets, tamarins, and infants 
across species <6 months

<1 0.15 (50.8) Up to 1.5 kg 0.2 (76.2)

Capuchins, squirrel monkeys, and 
juveniles across species (6 months 
to 3 years)

1–3 0.28 (76.2) Up to 3 kg 0.28 (76.2)

Macaques and African species 3–10 0.40 (76.2) Up to 10 kg 0.40 (76.2)

Male macaques and large African 
species

10–15 0.56 (81.28) Up to 15 kg 0.56 (81.3)

Baboons and nonbrachiating species 
>15 kg

15–25 0.74 (91.44) Up to 20 kg 0.74 (91.4)

Great apes >25 kg and brachiating 
species

>25 2.33 (213.36) Up to 25 kg 0.93 (116.8)

Up to 30 kg 1.40 (116.8)

>30 kg ≥2.32 (152.4)

TABLE 22.1

Minimum Cage Space for Nonhuman Primates per ETS 123

Floor Space, m2 Volume per Animal, m3 Height, m
Enclosure 

Volume, m3

Marmosets 0.5 for 1–2 adults plus 
offspring up to 5 months

0.2 per additional animal 
>5 months

1.5 if top of enclosure 
is at least 1.8 m from 
floor

Tamarins 1.5 for 1–2 adults plus 
offspring up to 5 months

0.2 per additional animal 
>5 months

1.5 if top of enclosure 
is at least 1.8 m from 
floor

Squirrel monkeys 2.0 for 1–2 adults 0.5 per additional animal 
>6 months

1.8

Macaques and 
vervets <3 years

2.0 for up to 3 animals 1.0 1.8 3.6

Macaques and 
vervets ≥3 years

2.0 for up to 2 animals 1.8 1.8 3.6

Macaques and 
vervets, breeding

2.0 includes offspring up to 
2 years of age

3.5 for up to one mother 
with offspring up to 
2 years of age

2.0 3.6

Baboons <4 years 4.0 for up to 2 animals 3.0 1.8 7.2

Baboons ≥4 years 7.0 for up to 2 animals 6.0 1.8 12.6

Baboons, breeding 7.0, includes offspring up to 
2 years of age

12.0, includes offspring 
up to 2 years of age

2.0 12.6
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species of nonhuman primates (Fillman-Holliday and Landi 2002; Maier et al. 2004), branched leafy 
tree browse for macaques (Strazzeri et al. 2014), and deep litter (straw and wood wool) floor substrate for 
Wolf’s guenons (Cercopithecus wolfi) (Fuller et al. 2010). Crab-eating macaques, singly housed in cages 
meeting AWA Regulations minimum floor and height dimensions, demonstrated increased exploratory 
behavior and elimination of stereotypies when placed individually for even short periods of time in a 
highly enriched playpen measuring approximately 4 × 5 × 3 ft (1.2 × 1.5 × 1.05 m). When returned to 
the smaller home cage, stereotypies recurred (Bryant et al. 1988). Considering floor space alone compro-
mises space utilization, as shown when pen-housed rhesus macaques chose to spend 90% of their time 
on elevated structures approximately 1–4 ft (40–130 cm) above the floor. The more dominant animals 
chose the higher structures, whereas juveniles were more likely to use the movable swings and Ferris 
wheel, emphasizing the benefit for animals to make choices and demonstrate species-typical behavior in 
captive housing (Reinhardt 1992a).

Another cage feature, recognized to be desirable for pair-housed female rhesus monkeys, was a pri-
vacy panel inserted inside the cage where one animal could choose time alone behind a visual barrier 
while still sharing the cage. The paired macaques spent 75% of the time next to each other with a privacy 
panel available, compared with 60.8% of the time when a privacy panel was not available. Even though 
macaques are highly social in nature, it appears that intermittent control over being alone promotes 
more time in close proximity and a better cage-mate relationship (Reinhardt and Reinhardt 1991). The 
double-wide QUAD-style macaque caging used commonly for pairing macaques, with a sliding door 
connecting the passageway between cage compartments, accomplishes the same outcome with more 
vertical and floor space available. Placing a large viewing window in the animal room door promotes an 
enriching experience as staff walk by, allowing animals to make choices to ignore or interact (author’s 
personal experience).

Enrichment

The behavior analysis tool involving preference assessment has been used in food animal management 
programs, as well as with humans with impaired communication, and has been suggested for nonhu-
man primates housed in research settings to determine which environmental enrichment is preferred 
(Sumpter et al. 2002; Staal et al. 2003; Schapiro and Lambeth 2007). Preference assessment testing 
identifies choice for otherwise nonverbal experimental subjects. When making a choice by touching a 
cage-mounted screen, Japanese macaques (Macaca fuscata) consistently selected movies with anima-
tion or humans, and preferred to watch movies not previously viewed instead of viewing the same movie 
over and over again (Ogura and Matsuzawa 2012). Common marmosets (Callithrix jacchus), when given 
control over a supplemental light and heat source, made choices to adjust the light. More importantly, the 
study demonstrated that even though the marmosets preferred supplemental light and heat, the opportu-
nity for control more importantly improved animal welfare, as measured by calmer activity patterns and 
lower scent marking (Buchanan-Smith and Badihi 2012). When given a choice, common marmosets pre-
ferred to be fed in a bowl located high in the cage, most likely because of their arboreal existence in the 
wild (Buchanan-Smith et al. 2002). Providing choice and measuring welfare impact (e.g., behavior and 
activity score, social interaction, and mentation) of environmental enrichment and housing designs pre-
ferred by the nonhuman primate will advance how effectively we promote a multisensory environment.

Social Housing

The natural history, including dominance style, of the species of nonhuman primate should be consid-
ered when implementing a social housing program. Even though rhesus and crab-eating macaques are 
highly social in nature, the rhesus, being the more aggressive or “despotic” species, may need more 
attempts and space for pairing than the considerably more passive “egalitarian” crab-eating macaque 
(Buchanan-Smith et al. 2004). The standard of practice to acclimate macaques for pairing is a double-
cage design in accordance with AWA Regulations minimum space requirements that allows two isosex-
ual macaques to first see and possibly touch each other through a protected contact panel with a mesh or 
larger spaces, such as twelve 2 × 3 in. (5.1 × 8 cm) openings. This approach results in impressive animal 
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welfare benefits in spite of a minority of animal incompatibilities (Baker et al. 2012). While AAALAC 
International considers protected contact to be a social “experience” not fully meeting the definition of 
social housing (AAALAC International 2015), the welfare benefits of providing two macaques “groom-
ing or protected contact” through a panel with vertical bars as far apart as 2 in. (5.16 cm) has been well 
demonstrated (Crockett et al. 1997; Lee et al. 2012). Pregnancy prevention panels have been created by 
using two panels with bars providing 2 in. spacing but with an additional 2.5 in. (6 cm) gap between cages, 
allowing grooming contact for paired male and female crab-eating macaques. This strategy resulted in 
more successful pairing outcomes than with isosexual pairs (Crockett et al. 1997). Experiment-driven, 
scientifically justified, and Institutional Animal Care and Use Committee (IACUC)–approved (e.g., 
neurotoxin-dosed, impaired primates; good laboratory practice [GLP] studies; and some infectious dis-
ease studies), or veterinary-required or incompatibility-based exemptions from social housing are per-
mitted for NIH-funded research (NRC 2011). Enhanced enrichment should be offered in these cases.

Husbandry

Husbandry-related variables highlighted by Reinhardt (2004), such as understimulation due to lack of 
suitable enrichment or social deprivation, adversely affected animal welfare and research results, includ-
ing an increase in stress sensitivity and disease progression, immunosuppression, stress-induced anxiety 
as evidenced by increased plasma prolactin concentrations, abnormal brain function, and physiological 
evidence of depression. Manual restraint of nonhuman primates is distressful since they experience this 
as a predator–prey relationship. Stress-sensitive physiological parameters show that nonhuman primates 
do not acclimate to repeated, brief, or prolonged manual restraint (Reinhardt 2004). Positive reinforce-
ment training in contrast to forcing mechanical or manual restraint for husbandry, medical, or research 
purposes alleviates animal anxiety and distress. Otherwise, the simple entry of research, animal care, 
or veterinary staff into the animal room becomes a daily intrinsic stressor due to previous negative 
conditioning experiences (Reinhardt 2004). Lower-tier caging provides reduced quality and quantity of 
light and a more restricted view of incoming staff by the nonhuman primate. It also impairs observa-
tion of those animals by animal care staff compared with primates housed in upper-tier caging. Since 
most primates escape terrestrial threats in nature by moving vertically, the animals housed in lower-
tier caging may feel insecure and distressed. These extraneous husbandry-related variables should be 
addressed to minimize confounders and variability in research results and to promote good animal 
welfare (Reinhardt 2004).

Providing animals with choices associated with routine husbandry practices promotes welfare. Primate 
biscuits provided simultaneously in an open-top food hopper adjacent to an externally mounted food puz-
zle feeder presented a simple choice for rhesus macaques in a study by Reinhardt (1994). After first con-
suming some of the biscuits from the open hopper, the animals spent a 55-fold increase in time (11 minutes 
total at 1 minute per biscuit) retrieving biscuits from the puzzle feeder compared with the open-top 
feeder (32 seconds total at 1.1 second per biscuit while discarding most of the biscuits), indicating that the 
macaques preferred to forage or work at retrieving their food, as they do in nature. Positive reinforcement 
training allowing nonhuman primates control and choice to cooperatively enter a switch or transport crate 
through two guillotine doors without squeezing from the home cage, avoiding distress associated with 
mechanical squeeze or manual restraint (Reinhardt 1992b). Other management techniques, from cage 
changing to weighing, demonstrate the shift to using positive reinforcement training to benefit research 
results and nonhuman primate welfare across species (Bassett et al. 2003; Laule et al. 2003; McKinley et 
al. 2003; Prescott et al. 2003; Schapiro et al. 2003; Prescott and Buchanan-Smith 2005).

Cost–Benefit

The array of primate caging available presents the facility manager and veterinarian with an overwhelm-
ing number of suitable choices. The decision to purchase new caging (movable cages or compartmental-
ized pens), to repurpose existing caging for pair housing, or to build wall-mounted pens with relatively 
inexpensive commercial stainless steel or chain-link fencing is not simple. The answer is situational, 
depending on what type of resources are primarily available, such as sufficient capital to purchase 
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relatively expensive, portable, social housing pens or cages possible to clean in an automated cage washer 
or an adequate staffing level for labor-intense sanitization of less expensive wall-mounted pens. The 
advantages of choosing movable caging are their durability and ease of cleaning. The consistently vali-
dated cleaning and sanitizing methods in an automated, mechanized cage rack washer far outweigh the 
disadvantages of labor-intense, potentially hazardous, inconsistently effective hand scrubbing, power 
washing, sanitizing, and rinsing of nonmovable pens. Per the Guide, the effectiveness of sanitation of 
equipment must be assessed with special attention to hand-washed surfaces that directly contact animals. 
The main disadvantage of purchasing movable caging and compartmentalized pens that may go through 
cage wash is the up-front capital cost, ranging from $18,000 for a QUAD cage that may house two pairs 
of macaques to a higher expense for modular pens housing four or more macaques (author’s personal 
experience). The advantage of hiring a fencing company to custom-build two to three floor-to-ceiling, 
8 ft wide by 5 ft deep, pens is the lower cost of $10,000 total for all three larger pens in one room (author’s 
personal experience). If there is no swing space to move the primates from the pens, the cleaning pro-
cess of occupied pens poses significant health and welfare risks to both primates and personnel. While 
wall-mounted pens provide larger space and lower up-front cost, this author prefers to make the capital 
investment in purchasing movable caging to house all nonhuman primates in pairs and recover the costs 
over the 20-year life of the caging in renewal and replacement charge-backs to the per diem. The less 
expensive, yet highly enriched, floor-to-ceiling mounted pens have their place in a program by serving as 
exercise or playpens through which primates may rotate, depending on their research use. When facing 
the reality that purchase of new exercise pens or caging is not feasible, a resourceful institutional team 
of animal care, veterinary, and facilities staff should include a science-based approach and emphasize 
that as well. Staff may modify outdated stainless steel dog cages or one-over-one macaque cages. The 
end result will be cost-effective and high-functioning macaque exercise or pair housing cages, which 
improve animal welfare, recycle outdated caging, and cost less than 10% of the purchase price of new 
caging (Storey et al. 2000; Martin et al. 2002).

Enrichment strategies impacting husbandry that are developed and implemented by all stakeholders, 
including the finance administrator, the facility manager, and animal care, research, and veterinary 
staff, become achievable and sustainable. The best example of such teamwork occurred as an institution 
determined the feasibility and cost versus benefit for providing wood shavings on floors of primate pens. 
The welfare benefits of softwood shavings as natural substrates over bare floors, including reduction in 
aggression, stereotypies, and overgrooming, and promotion of foraging and exploratory behavior, were 
well documented in peer-reviewed publications. Questions regarding labor costs for implementing the 
strategy and for physical plant modifications remained unanswered. Animal care staff first recognized 
that the floor drain covers needed redesigning to prevent clogging. Next, staff designed and implemented 
a daily spot cleaning strategy of the shavings with removal of all shavings at 2-week intervals, followed 
by chemical disinfection of the floor and replacement of the shavings. Costs, including animal care staff 
labor, disinfectants, bedding, drain modifications, and other materials, were calculated and compared 
with the previous housing strategy, which required daily hosing and disinfection of bare floors. In addi-
tion to the anticipated animal welfare benefits, an overall 9% decrease in husbandry-associated cost was 
achieved, as well as a reduction in water and disinfectant. This type of collaborative and evidence-based 
evaluation of an enrichment strategy impacting husbandry could be replicated as a “best practice” when 
considering the cost and benefit of novel environmental enhancement or housing practices across all spe-
cies (Dean 1999; Bennett et al. 2010).

Supporting Research and Emerging Technologies

Accessing nonhuman primates from large pens or even smaller cages may be difficult, distressful, and 
dangerous for both the animal and the handler. Reinhardt (1992b) demonstrated that without the use of a 
squeeze apparatus or chemical immobilization, 298 single-housed, adult rhesus macaques were trained 
by animal care staff to voluntarily jump into a hand-carried transport box (36 cm long, 28 cm wide, and 
33 cm high) and rewarded with a food treat after being weighed and returned to their home cage. A posi-
tive relationship with animal care staff, who interact with the primates daily, is the key to success with 
other operant conditioning techniques, such as target training or stationing. Giving nonhuman primates 
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a choice to cooperate with venipuncture for routine blood collection avoids the stress-related effect from 
manual restraint or drug effect of anesthetics on physiologic and serum chemistry and hematology pro-
files (Reinhardt 2003; Lambeth et al. 2006; Coleman et al. 2008).

Positive reinforcement training techniques for pole-and-collar restraint first habituating animals to 
the equipment and shaping behavior over 17 weeks with 85 training sessions (mean 1085 total train-
ing minutes per macaque) using fruit rewards enhanced welfare and research (McMillan et al. 2014). 
Additional examples of using positive reinforcement to train nonhuman primates for pole-and-collar 
restraint, removal from home cage without collars, and home cage training without food or water 
restriction underscore the trend away from more negative techniques forcing the desired behavior 
(Scott et al. 2003; Franklin 2016). A “smart chair” designed to automatically train macaques to enter 
a nonhuman primate chair for water reward without a human in the animal room decreased training 
person-hours per day while avoiding resistance by animals traditionally trained using a more negative 
and relatively unsafe technique of leash pulling (Ponce et al. 2016). These and other trained behaviors 
also assist research staff to overcome the challenge of retrieving primates from social housing in cages 
or pens.

Research on human and nonhuman primate gaze tracking traditionally involves a coil incorporated 
in a contact lens for humans or surgically implanted subconjunctivally in the sclera of the nonhuman 
primate. The tracking of eye movement and visual orienting is then typically measured by taking the 
chair-restrained nonhuman primate to the laboratory and rewarding successful trials with fluid or food. 
Shepherd and Platt (2006) designed and implemented a helmet-mounted eye camera apparatus allowing 
telemetric infrared video gaze tracking in two ring-tailed lemurs (Lemur catta) while pair housed and 
navigating their naturalistic home pen. Several months of animal training and habituation resulted in the 
ability to provide a unique opportunity to track eye movement while the animals were socially interact-
ing and foraging, without requiring chair restraint or food or fluid restriction, as is more traditionally 
used in the macaque model. Such technology is potentially scalable across other primate species as 
equipment is refined and collaborative relationships between research, animal care, and facility manage-
ment staff provide more opportunities to consider emerging research technologies. Performing more 
research activities within the animal housing facility benefits the animal and research staff by eliminat-
ing the need to remove and transport the animal from the familiar home environment to the research 
lab. However, the facility manager and space planners must recognize the reduction in animal housing 
capacity as more specialized research space is expanded within the vivarium.

A more efficient use of animal facility space provides the opportunity to perform all research activi-
ties within the home cage or pen. A cage-mounted joystick and game board apparatus attached to a 
Lexan-enclosed computer mounted to the animal room wall allowed macaques to have 24-hour access 
to perform a battery of 18 computerized tasks. The animals received fruit-flavored chow pellets, auto-
matically delivered with each successful trial. The 18 tasks began first with relatively simple shaping 
tasks, while subsequently advancing to more complex learning, problem-solving, and memory-testing 
tasks. This home cage paradigm, which engaged macaques with choices for participation, proved to be 
enriching and resulted in the animals learning the tasks more quickly, with progression through all tasks 
in as few as 6 months, compared with several years with previously studied animals, which performed 
the same tasks after being removed from the home cage only during weekday work hours (Washburn 
and Rumbaugh 1992). Rhesus macaques also participated in home cage cognitive testing using a cage-
mounted, computer-automated training and testing system with touchscreen technology for delayed 
matching-to-sample (DMTS) studies, which are useful in Alzheimer’s disease research (Buccafusco et 
al. 2002). Similar research in cognitive science using cage-mounted joysticks or touchscreens is pos-
sible in socially housed nonhuman primates, including in capuchins (Cebus apella), which are notori-
ously difficult to remove from the home cage in a social housing setting. The capuchin pen caging was 
modified with a bank of test enclosures high in the cage, catering to their arboreal lifestyle. Individual 
capuchin monkeys were trained over weeks to enter the testing vestibule and eventually accept the door 
being closed to separate them from their conspecifics while being rewarded with highly preferred food 
treats. Eventually, computerized test sessions with detachable apparatuses mounted to the cage front 
were performed and lasted 90–120 minutes. Even though the capuchins only had up to 2 hours of daily 
access to the cage-mounted computer, the time to complete experiments (2 days to 4 weeks) with up 
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to 1500 trials in 120 minutes compared well with that of the macaques with 24/7 access to the same 
computerized testing apparatus (Evans et al. 2008). Group-housed macaques also participated in very 
similar joystick and touchscreen computerized experiments, accomplished simply by separating the 
test animal inside their home cage only during the trials (author’s personal experience). This type of 
cage-side research requires significant collaboration between facility managers, animal care staff, and 
researchers. One disadvantage with this technology is the complication posed for adequately sanitizing 
caging without damaging research equipment (author’s personal experience). The advantages include 
savings in research staff labor and training; elimination of animal stress from being removed from 
the home cage; less handling of a potentially dangerous, fully awake nonhuman primate; increased 
research data in relatively less time; and enhanced animal welfare due to animal choice and control 
while participating in the research.

Telemetry technology provides opportunities to continuously monitor a wide range of physiologic 
parameters in social or single-housed animals with surgically implanted devices and multifrequency 
data loggers in the animal room (Hawkins et al. 2004). Examples of physiologic parameters monitored 
with telemetry equipment include brain function (electroencephalograms), eye movement (electro-
oculograms), body temperature, blood pressure, intraocular pressure and heart rate (Lane et al. 1999; 
Reinhart et al. 2002; Downs et al. 2011; Zhdanova et al. 2011). Modifications to animal housing or the 
room to accommodate radio frequency identification (RFID) and data loggers are necessary to use this 
technology.

Rabbits

Welfare

Space

The minimum floor space recommended per rabbit and internal cage height required by ETS 123 are 
much greater than the dimensions indicated in the Guide or AWA Regulations (Table 22.3).

Preference assessments, as described for people and nonhuman primates and considered for rabbits, 
assist the caregiver with providing an environment most enriching to the animal or human subject. When 
given a choice of cage heights, 112 socially housed 5-week-old weanling rabbits in cage blocks of 12 or 16 
rabbits per square meter preferred 40 cm when active and 20 cm when resting, while completely avoiding 
open-top cages. Rabbit ear lesions in this same study, which are a reflection of interrabbit aggression and 
poor welfare, were minimal in cages with a 30 cm height compared with a 20 cm height (Princz et al. 
2008a). Sixty-three percent of group-housed rabbits from 5 to 13 weeks old preferred housing with walls 
half-covered with mirrors, irrespective of stocking densities of either 12 or 16 rabbits per square meter. 
Seventy-two percent of single-housed rabbits in the same age range also preferred caging with mirrors 
on walls, presumably promoting comfort and good welfare by giving the rabbits a choice (Dalle Zotte et 
al. 2009). Platforms inside the cage enhanced natural exploratory behaviors, with rabbits spending half 
of their time on the raised platform compared with the floor (Dalle Zotte et al. 2009). Benefits to animal 
welfare were demonstrated in a study in which single-housed, female New Zealand White rabbits in cages 

TABLE 22.3

Minimum Cage Space for Rabbits per the Guide, AWA Regulations, and ETS 123

Guide
Floor Height, m2 (cm)

AWA Regulations
Floor Height, m2 (cm)

ETS 123
Floor Height, m2 (cm)

<2 kg 0.14 (40.5) 0.14 (35.56) 7–10 weeks 0.12 (40)

2–4 kg 0.28 (40.5) 0.28 (35.56) <3 kg 0.35 (45)

>4–5.4 kg 0.37 (40.5) 0.37 (35.56) 3–5 kg 0.42 (45)

>5.4 kg ≥0.46 (40.5) 0.46 (35.56) >5 kg 0.54 (60)
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enriched with raised platforms showed much fewer stress behaviors, such as bar gnawing, restlessness, 
and excessive grooming, than rabbits in conventional cages (Hansen and Berthelsen 2000). Formally 
evaluating preferences and publishing outcomes will assist the industry by providing scientific evidence 
to promote best practices in the design of rabbit housing. Floor space provided to socially housed rabbits 
in low stocking densities (6.2 rabbits per square meter) in groups of 10, 10–15, or 40 from 60 to 80 days 
of age resulted in medium to severe wounding in 7%, 6.5%, and 21%, respectively, regardless of gender 
composition (Trocino 2006). However, no pathologies or lesions were observed in another study where 
rabbits were housed at a stocking density of 15 rabbits per square meter in groups of 6 per cage, 10 per pen, 
or 60 per pen if euthanized at 72 days of age (Postollec et al. 2003). Rabbit age advanced beyond 72 days 
(10.3 weeks), not floor space, was the primary risk factor for aggression-related injuries for socially housed 
rabbits. Floor space alone is, however, positively correlated with rabbit welfare indices. Rabbits individu-
ally housed in caging with floor spaces of 0.88, 1.68, and 3.35 m2 were more active and interacted with 
environmental enrichment in cages providing greater floor space (Dixon et al. 2010).

Enrichment

The New Zealand White rabbit (Oryctolagus cuniculus) is the only domestic animal whose behavior may 
be assessed by the behavior of its wild counterpart, specifically the European wild rabbit (O. cuniculus) 
(Lehmann 1991; Trocino and Xiccato 2006). While extrapolation of European wild rabbit behavioral traits 
directly to the domesticated New Zealand White rabbit may not be accurate for every situation, especially 
in laboratory caging (Princz et al. 2008b), the social behavioral similarities specific to aggression are strik-
ing (Myers and Poole 1959, 1961; Mykytowycz 1959, 1960). Extrapolation from a different genus or species 
of wild rabbits (e.g., the Eastern cotton tail [Sylvalagus floridanus] and the pygmy rabbit [Brachylagus 
idahoensis]) would be less appropriate. Considering the wild rabbit’s natural space preferences, social 
choices, foraging, and courtship behaviors when designing enrichment strategies in the research labora-
tory is reasonable (Trocino 2006). An awareness of the species’ natural history, or telos, as described in 
the introduction of the chapter, well positions the facility manager for success when designing housing 
and management practices. Foraging, a natural behavior, in hay or hay cubes not surprisingly decreases 
stereotypies in single or socially housed rabbits (Trocino 2006). A similar successful pattern was seen 
where single-housed male rabbits most preferred hay for enrichment, followed by hay cubes as a second 
choice, promoting more activity and fewer stereotypies, such as bar biting and excessive fur licking, than 
in rabbits with chew sticks and controls with no enrichment (Lidfors 1997). In contrast, rabbits housed 
alone in barren cages all demonstrated boredom behaviors, represented by being inactive 56% of the time 
and otherwise showing stereotypies, such as hair and bar chewing, head swaying, and pawing (Gunn and 
Morton 1995). Ninety-six single-housed rabbits equally distributed between two cage systems with identi-
cal floor space (3.5 m2), but with one cage enhanced with 80 cm vertical height and a nest box at one end, 
showed a preference and improved welfare in the enhanced cage (Hansen and Berthelsen 2000). Adding 
chewable toys such as cardboard rolls, cardboard rings, and rubber balls with a bell inside all had equally 
positive behavioral effects in single-housed male New Zealand White rabbits, with time spent chewing on 
toys instead of displaying stereotypies, as seen with the control rabbits (Poggiagliolmi et al. 2011). Frequent 
handling (three times a day) of individually caged or pen-housed rabbits by a familiar person over only 
5 days demonstrated a clear benefit, with a reduction of fear in the rabbit, while strengthening the human–
animal bond (Podberscek et al. 1991a). Offering enrichment is never completely risk-free, as evidenced by 
a report of a plastic whiffle ball becoming lodged between the lower and upper incisors, causing gingival 
damage and requiring removal (Shomer et al. 2001). In choosing enrichment and management strategies, 
one must assess the risk for deleterious events to occur and consider the potential for avoiding psychological 
harm and negative effects on research by trying novel management and enrichment practices.

Social Housing

The ETS 123 provisions offer a global exemption from social housing for intact, adult male rabbits with each 
other. The guidelines emphasize that young littermates of either gender and juvenile to adult females may be 
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group housed in pens, with a caveat that adult females need to be observed carefully and managed for aggres-
sion (ETS 123). Aggression is reduced, but not eliminated, when rabbits have opportunities to isolate or hide 
from each other (Reinhardt 2004). The Guide and AAALAC International indicate that social housing for 
socially compatible animals should be the default if they are communal in nature (NRC 2011; AAALAC 
International 2015). Immature rabbits less than 12 weeks old, especially littermates, are almost always com-
patible in social groups. For this reason, meat production rabbitries socially house New Zealand White rab-
bits in mixed gender groups only up to 80 days (11.5 weeks) to make the most of the fattening market weight 
while minimizing premature culling due to aggression (Postollec 2003; Princz et al. 2008b; Trocino 2006). 
Adult wild European rabbits (O. cuniculus) of either gender are not often socially compatible and demon-
strate aggression and severe fighting even if housed in multiacre outdoor enclosures (Mykytowycz 1959, 
1960), possibly explaining the unpublished successes reported of pairing antibody-producing female rabbits 
over years in cages or pens. Cases of severe aggression causing abandonment of further attempts to socially 
house same-sex, adult rabbits of either gender, even in large, complex pens, underscore the importance of 
respecting the species’ behavior in the wild (Rommers et al. 2014; author’s personal experience). Neutering 
male rabbits that are socially housed has reduced but not eliminated aggression (Raje and Stewart 1997). 
Once hierarchies are established in wild populations in large areas, aggression is infrequent (Trocino 2010). 
In conclusion, domestic rabbits behave similarly to their ancestral wild counterparts. If given the amount of 
space typically available in nature, they situationally fight and/or retreat, respecting the dominance social 
hierarchy. This survival adaptation of retreat from aggression is not possible in confined laboratory pens or 
cages (Albonetti et al. 1990; Princz et al. 2008a), justifying single housing of rabbits of either gender greater 
than 80 days old. The welfare benefit of social or pair housing juvenile rabbits less than 12 weeks old is clear. 
After 12 weeks, all male rabbits should be exempt from social housing due to incompatibility, as indicated by 
the ETS 123 provisions. Rabbits of either gender greater than 12 weeks of age should be exempt from social 
housing as practiced by the meat industry to prevent trauma from aggression (Postollec et al. 2003; Trocino 
2003). At best, adult female rabbits in the wild may mutually tolerate each other (Myers and Poole 1959, 
1961) possibly explaining the unpublished successes reported of pairing antibody producing, female rabbits 
over years in cages or pens. For this reason, select, mature female rabbits may appear mutually tolerant of 
each other over years (author’s personal experience), but identifying compatible pairs comes with a welfare 
cost of failed attempts; thus, a harm–benefit assessment should be made by the stakeholders, including the 
research staff, manager, attending veterinarian, animal care staff, and IACUC. Single-housed rabbits benefit 
from enriched cages (Lidfors 1997) and, if feasible, time alone locomoting in a floor pen, promoting activity 
and guarding against osteoporosis and bone abnormalities seen in inactive rabbits (Chu et al. 2004).

Husbandry and Cost–Benefit

Social housing of six rabbits of either gender less than 12 weeks old in a pen that provides approximately 
4–6 ft2 per rabbit (concurrent with 0.35 m2 per Appendix A, ETS 123) promotes desirable, affiliative, 
species-typical behaviors, such as rearing, hopping, and nuzzling (author’s personal experience). As ben-
eficial as pen housing immature rabbits has proven to be, the labor associated with spot cleaning bedding 
and complete replacement of bedding and sanitation of the room at 2-week intervals is 10-fold greater 
per rabbit compared with cage housing, even in pairs, due to inefficient hand cleaning of pen surfaces and 
the opportunity cost associated with low-density housing in a pen room compared with three-tier rabbit 
caging (author’s personal experience). A cost-effective alternative to housing immature rabbits in pens is 
pair housing in commercial cages, which may be sanitized in a mechanical cage washer. Rabbits thump-
ing their hind feet in metal and plastic cages generate surprisingly loud, high-intensity sounds up to 
78 dB (10–40 kHz) and 60 dB, respectively (Milligan et al. 1993). Attempts to lessen these sound levels 
may provide the benefit of decreased stress, especially in kit rearing settings, and should be considered 
a potential experimental variable (Suckow et al. 2010).

Supporting Research and Emerging Technologies

Radiotelemetry technology provides continuous monitoring of physiological data in many labora-
tory animal species, including rabbits. Conventional tonometry (intraocular pressure measurement) in 
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rabbits traditionally requires removing the animal from its home cage and placing a tonometer on the 
surface of the topically anesthetized cornea. A more refined technology allows continuous monitoring 
of intraocular pressure for up to a year using a surgically implanted pressure transducer. The intra-
ocular pressures are broadcast by amplitude modulation to one or more receivers inside the animal 
cage (McLaren et al. 1996). Similar monitoring of blood pressure, heart rate, and oxygen levels using 
surgically implanted transmitter sensors is possible (Sato et al. 1995; Ward et al. 2002). The advantage 
of this emerging telemetry technology is that it allows continuous monitoring without removing the 
animal from its home cage, but it requires specialized broadcast technologies or RFID systems in the 
animal room.

Canines

Welfare

Space

Animal welfare is promoted when choices and control by the animal are possible (Sumpter et al. 2002). 
Concurrent preference assessments or choice studies, as done with primates and rabbits specific to hous-
ing preferences, need to be further explored for dogs (Hetts 1991). Floor space restriction to 1.7 m2 for 
6 weeks with no visual contact with other dogs produced progressively increased salivary and urinary 
cortisol levels throughout the 6 weeks after being housed outdoors for 7 weeks in groups in large (36 m2) 
grassy pens (Beerda et al. 1999a). Behavioral indices of stress, including lower postures, autogrooming, 
paw lifting, vocalizing, coprophagy, and repetitive behavior, were increased for the spatially restricted 
and socially isolated dogs compared with when these same dogs were socially housed outdoors in spa-
cious pens (Beerda et al. 1999b). These findings suggest that both space restriction and social isolation 
create a state of chronic stress and poor welfare in dogs. The trend of the European standards to require 
more floor and vertical space holds true for dogs, as with the other species covered in this chapter. 
Providing more housing space is intuitively sensible as a tool to enhance animal welfare, but scientific 
studies evaluating dog preferences specific to housing design and novel housing strategies are needed 
(Tables 22.4 through 22.6).

Enrichment

Humans have thousands of years of experience interacting with dogs, often in mutually enriching ways. 
Social experiences with canine conspecifics and humans are widely accepted as being enriching for both 
humans and dogs. Socialization and obedience training programs of dogs performed by animal care staff 
enrich the dogs and staff and result in better research models (Adams et al. 2004). Inanimate options, 

TABLE 22.4

Minimum Cage Size for Dogs per the Guide

Weight, kg Floor Area, m2 Height

<15 0.74 Stand erect with feet on floor

Up to 30 1.2 Stand erect with feet on floor

>30 ≥2.4 Stand erect with feet on floor

TABLE 22.5

Minimum Cage Size for Dogs per AWA Regulations

Floor Space, ft2 Height

Mathematical square of sum of length of dog in inches (tip of 
nose to base of tail) plus 6 in., with product divided by 144

6 in. higher than head when standing normally



520 Management of Animal Care and Use Programs in Research, Education, and Testing

including olfactory and auditory stimuli, chew toys, platforms, and time outdoors, are also considered 
to be possible ways to reduce boredom and encourage play. Toys that are chewable and make noise are 
preferred by laboratory dogs. Suspending these toys not only reduces labor needed for cleaning but also 
reduces possessive aggression between dogs (Wells 2004). A more complex, three-dimensional design 
of the cage or pen with shelving, elevated platforms, and ramps provides choice and an expanded view 
of their surroundings, reducing patterned jumping to presumably see over solid cage walls (Hubrecht 
1993, 2002). Pens or caging should allow dogs in socially compatible groups to sleep away from urine 
and feces, preferably on a platform or bed, and see activities in the room (Hubrecht 1995; Dean 1999). 
Simple recycled, fleece-lined, polyethylene barrels have been preferred by older beagles over traditional 
benches (Eisele 2001). Particular types of auditory stimulation can be beneficial to laboratory-housed 
canines. For example, playing 4 hours of classical music was associated with a calming effect, in contrast 
to heavy metal rock music, which encouraged barking (Wells et al. 2002). Similarly, olfactory enrich-
ment with lavender and chamomile resulted in a calming effect compared with rosemary and peppermint 
(Graham et al. 2005). In addition to the use of animate enrichment with people or other dogs, there will 
always be a need for novel and effective inanimate enriching alternatives in the kennel (Taylor and Mills 
2007). Dogs have been enrolled in interesting concurrent preferences assessment studies demonstrating, 
for example, that they far prefer being petted to being vocally praised (Feuerbacher and Wynne 2015), 
but show a greater preference for being offered food over being petted (Feuerbacher and Wynne 2014). 
These two specific preference assessment studies provide insight for targeting impactful management to 
promote laboratory dog welfare.

The AWA Regulations require that the research institutions develop an exercise program approved by 
the attending veterinarian (Kulpa-Eddy et al. 2005). The opportunity for exercise may be accomplished 
by providing groups of compatible dogs access to pens or runs with 100% minimum floor space per dog 
or always providing individually housed dogs with twice the minimum space required by USDA AWA 
Regulations or providing access to an exercise area prescribed by the attending veterinarian. ETS 123 
also recognizes the value of offering dogs the opportunity for exercise by encouraging staff to take dogs 
to an area separate from their housing for exercise in compatible groups with human interaction. When 
given a choice, research beagles spent 32% of their day in an outdoor yard voluntarily moving between 
the inside and outside 103 times daily, resulting in increased activity and presumably improved welfare 
(Spangenberg et al. 2006). The welfare impact of exercise (20 minutes, 3 days per week for 12 weeks) 
alone in caged (1.12 m2) beagles was evaluated by measuring behavioral and physiological parameters. 
Four groups of dogs were exercised individually, with another dog taken to the exercise room and imme-
diately returned to the cage or nonexercised as a cage control. All groups showed similar trends in 
parameters measured over time, supporting a conclusion of no effect of exercise on well-being with one 
exception. Both groups of exercised dogs barked more often on nonexercise days than nonexercised dogs 
(Clark et al. 1997). This pattern of barking may suggest that the exercised dogs were soliciting the oppor-
tunity with a preference to leave the cage to the exercise pen alone or with another dog.

Social Housing

As with the other species in this chapter, the consideration of the ancestral counterpart’s natural his-
tory, in the dog’s case the southern wolf (Canis lupus pallipes), provides insight into beneficial housing 
or management strategies. With 14,000 years of domestication, the social nature of the dog with other 

TABLE 22.6

Minimum Cage Size for Dogs per ETS 123

Weight, kg Minimum Enclosure Size, m2 Minimum Floor Area per Dog, m2 Minimum Height, m

Up to 5 4 0.5 2

>5–10 4 1.0 2

>10–15 4 1.5 2

>15–20 4 2 2

>20 8 4 2
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dogs and humans is intrinsic (Hubrecht 1995). ETS 123 encourages social housing of compatible dogs. 
Efforts to evaluate social housing and enrichment opportunities for laboratory animals, including dogs, 
consistent with the goals of toxicological studies, which historically prohibited such practices, are under-
way (Dean 1999; Bayne 2003; Turner et al. 2003). Overnight social housing from 3:00 p.m. to 8:00 a.m. 
promotes desirable social behaviors in canine subjects separated only for dosing and collecting clinical 
data for approximately 4 hours during the workday (Mack et al. 2003). Socially housing research dogs 
in pairs and larger groups either continuously or intermittently is the accepted best welfare and research 
practice (Hetts et al. 1992; Hubrecht et al. 1992; Beerda et al. 1999a, 1999b; Bayne 2003). Dogs group 
housed in a shelter led to a significant reduction in barking, displayed a friendlier interaction with peo-
ple, and had fewer behavioral problems and stereopathies than individually housed dogs (Mertens and 
Unshelm 1996). Social isolation and space restriction produced chronic stress and poor animal welfare, 
as described above in the “Space” section (Beerda et al. 1999a, 1999b).

Husbandry

Incorporating operant conditioning and training of dogs benefits the research, promotes good animal 
welfare, and strengthens the bond of cooperation between personnel and dogs. Training dogs for experi-
mental manipulations, including oral or intravenous dosing, blood collections, and stationing for imag-
ing or body weights, results in a much more positive, easily repeatable experience (Hubrecht 2002). 
Separation of socially housed dogs for feeding or movement to another area of the pen or run may be 
accomplished by creating flexibility in the pen or cage design with interconnecting passages, which may 
be opened or closed depending on the circumstances. All such pens or caging should be able to accom-
modate at least two dogs (Hubrecht 2002).

Barking may cause prolonged sound levels in excess of 100 dB, requiring animal care personnel 
to wear hearing protection, as well as possibly distressing or causing hearing damage in some dogs 
(Hubrecht 1995). As described under the social housing section, a benefit realized with group housing 
dogs in a shelter was significantly less barking than single-housed dogs (Mertens and Unshelm 1996), an 
assessment that should be made in the research setting.

Cost–Benefit

When comparing environmental enrichment techniques, including social housing, a rotating selection of 
chew toys, and 30 seconds of daily human grooming and handling, Hubrecht (1993) determined that the 
dogs preferred the alternating selection of chew toys. Data from preference studies may provide direc-
tion for cost-effective enrichment strategies, especially for large facilities. As with nonhuman primates, 
wall- or floor-mounted dog pens with connecting swing gates are relatively inexpensive to build when 
contracted to local fencing companies. Such pens, however, pose sanitation challenges, as they require 
much more labor to manually clean, as well as more scrutiny on microbiological monitoring for assess-
ing the effectiveness of sanitation compared with movable, compartmentalized pens, which may be 
disassembled and passed through a mechanical cage washer (author’s personal experience). The ATP 
bioluminescent tests serve as reliable alternatives to bacterial culturing (e.g., on RODAC plates) of sani-
tized surfaces, providing immediate results for interpretation of bacterial contamination after sanitation 
(Ednie et al. 1998; Turner et al. 2010). Institutions should project ongoing labor costs associated with 
sanitizing fixed or wall- or floor-mounted pens before deciding against purchasing the more costly, but 
more easily sanitizable and durable movable pen units. Outdoor pens or walking dogs outdoors provides 
novel exercise opportunities for dogs, as well as a morale booster for staff (Hubrecht 2002).

Supporting Research and Emerging Technologies

Continuous telemetric monitoring of physiological parameters in dogs has emerged as a refinement to 
avoid the confounders, labor, and potential stress associated with otherwise removing the animals from 
their housing environment to gather recordings. The challenge to modify pens or caging to accommodate 
water-resistant, dog-proof yet removable receivers has been easily overcome with advanced technology. 
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Collecting data simultaneously from pair-housed dogs has been challenging, with concerns of data being 
confounded by pair housing, in addition to technical complications related to recording from the same 
frequency from two dogs with existing radiotelemetry equipment. In these situations, paired dogs would 
have to be separated during telemetry recordings. However, modification of commercially available 
digital radio transmitters (PhysioTel™) allowed cardiovascular data to be collected from paired dogs 
simultaneously using different frequencies, producing results consistent with measurements taken in 
single-housed dogs (Prior et al. 2015). Research priorities, including sleep apnea, hypertension, long-
term blood pressure measurements, and recording of cardiovascular parameters during pharmacologic 
studies, have all been met by optimizing animal housing, producing high-quality data collection, and 
upholding animal welfare in both single- and socially housed dogs (Brooks et al. 1996, 1997a, 1997b; 
Klumpp et al. 2006).

Felines

Welfare

Space

The space afforded to cats, especially when socially housed, greatly assists with conflict avoidance. 
Provision of 10 m2 per cat successfully promoted compatibility in a group of 14 neutered individuals 
(Bernstein and Strack 1996). While this floor space is 27- and 13-fold greater than the minimum required 
by the AWA Regulations and ETS 123 Appendix A, as shown in Table 22.7, much smaller spaces may 
promote compatibility when choices to avoid each other are available (Rochlitz 2000). Abundant hori-
zontal resting platforms and surfaces at different levels promoted the natural behavior of cats preferring 
to rest alone (Podberscek et al. 1991b; Rochlitz 2000). Providing socially housed cats with a minimum 
distance of 1–3 m from each other in all directions horizontally and vertically is ideal (Ellis 2009; 
Herron and Buffington 2010). Sharing the same spots in an enclosure or pen at different times, some-
times only within specific groups, has been observed (Bernstein and Strack 1996). Exceeding a group 
density of 0.6 animals per square meter (1 cat per 1.6 m2) produced high stress levels in cats housed in 
boarding catteries or shelters, emphasizing the importance of acclimating the cats to each other before 
allowing free contact (Kessler and Turner 1999).

Enrichment

Successful enrichment provides cats with opportunities to demonstrate natural behaviors (Herron 
and Buffington 2010). Vertical substrates, scratching posts, and items to pick up, toss, smack, chase, 
and pounce on are good examples of enrichment. Offering food in puzzle feeders or balls that release 
dry food pellets when manipulated promotes an enriching experience simulating hunting (Ellis 2009; 
Herron and Buffington 2010). Group-housed cats do not demonstrate aggression or competition when 
presented with enrichment toys but instead perform group exploratory behaviors (Dantas-Divers et al. 
2011). Visual enrichment, such as watching prey species (e.g., birds) from a window in situations where 
photoperiod and security are not critical, has been replicated with television screens playing videos of 
birds, mice prey species, or cats playing together (Ellis 1990). Olfactory enrichment, including catnip, 
which 50%–70% of cats are genetically sensitive to, has been used in research animal care and use 

TABLE 22.7

Minimum Cage Size for Cats per the Guide, AWA Regulations, and ETS 123

Guide 
Weight, kg

Guide 
Floor, m2

Guide 
Height, cm

AWA 
Floor, m2

AWA 
Height, cm ETS 123

ETS 123 
Floor, m2

ETS 123 
Height, cm

ETS 123
Shelves, m2

≤4 0.28 60.8 0.28 60.96 1 adult 1.5 200 0.5

>4 ≥0.37 60.8 0.37 60.96 Each 
additional

0.75 n/a 0.25
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programs (Ellis 1990). Commercially available pheromones such as Feliway, a synthetic analog of the F3 
feline facial pheromone (FFP) secreted by chin, lip, and vibrissae glands, reduced stress, fear, anxiety, 
and aggression in cats when sprayed on examination tables and kennels in unfamiliar venues, such as a 
veterinary practice (Rodan et al. 2011; Hewson 2014; Pereira et al. 2015). Another synthetic feline facial 
pheromone (Felifriend F4) produced the same calming state in cats in a rescue shelter (Patel et al. 2010). 
These pheromones have been used to enrich cats in research housing (Ellis 1990). Placing a large view-
ing window in the cat room door promotes tremendously enriching interaction between staff and cats 
(Ellis 2009; author’s personal experience). However, the corridor light cycle must be in synchrony with 
the animal room’s cycle.

Social Housing

With an understanding of the natural history of the cat’s evolution from the African wildcat (Felis syl-
vestris), informed decisions may be made how to best meet housing and management conditions in the 
laboratory environment (Rochlitz 2000; Jongman 2007). Even though the African wildcat is solitary, 
the domestic cat may be maintained in a social environment if enough space is provided to promote a 
wide range of natural behaviors. These behaviors include playing, chasing, resting, sleeping, exploring, 
and the choice to hide. Neutered male and female cats that were pair housed in households demonstrated 
a wide range of individual relationships with no gender-specific differences in aggressive or affilia-
tive behaviors. However, male pairs spent more time in close proximity, while female pairs were never 
observed to allorub (i.e., chin or head bump) each other (Barry and Crowell-Davis 1999). Lessons learned 
from cat behavior in household settings may be useful when establishing social housing of laboratory 
animals. Cats evade conflict by avoiding each other, which requires additional space and visual barriers 
(Herron and Buffington 2010). Stress-related behavior, specifically prolonged autogrooming, persists in 
social settings where a cat experiences long-lasting uncontrollable distress (van den Bos 1998). Stress in 
socially housed cats, which may be objectively scored, is driven more by familiarity and unrelatedness, 
especially in rescue shelters, which identify higher levels of stress in communal rather than discrete-unit 
housing (Ottway and Hawkins 2003).

Husbandry

Enough space (both horizontal and vertical) must be afforded, especially in a social environment for dis-
tribution of food, water, and litter pans; climbing structures; and platforms, so cats may choose to be far 
from each other to avoid conspecific conflict and aggression (Rochlitz 2000). Socially housed cats should 
be weighed often to confirm equal opportunity for food consumption. Five basic systems of the cat’s 
housing environment influence welfare: space, nutrition, defecation and urination, social, and behavioral 
(Herron and Buffington 2010). A key feature of successful space planning for cats involves choice and 
control over perching or hiding options. Feeding socially housed cats in separate bowls hidden from view 
of each other promotes a more natural predatory behavior. Separate litterboxes should be provided for 
each socially housed cat plus one additional box, all preferably out of sight of each other, scooped out 
daily, and completely cleaned weekly. Interactions with animal care staff significantly influence urinary 
cortisol levels, a physiological parameter for stress. When animal care staff stopped talking to and pet-
ting single-housed laboratory cats, as well as cleaned and fed them on a very irregular schedule over 
3 weeks, elevated urinary cortisol levels confirmed chronic stress compared with a control colony of cats. 
Stressed cats demonstrated reduced play and exploratory behavior and increased withdrawal and hiding 
behavior (Carlstead et al. 1993). The daily schedule and interactions between laboratory cats and care 
staff may significantly confound research outcomes and affect animal welfare. However, socially housed 
cats in a laboratory setting demonstrated more exploratory behavior with an unfamiliar caretaker on the 
first day, and then on subsequent days displayed diminished interest unless the person interacted with 
the cats in a playful way (Podberscek et al. 1991a). Early socialization of cats with humans influences 
successful interactions with humans later in life (Ellis 2009). The daily impact that animal care staff has 
on all species of laboratory animals is validated scientifically in such studies.
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Cost–Benefit

The husbandry cost efficiencies or disadvantages associated with cleaning a room housing free-ranging 
cats compared with movable caged (individually or socially housed) cats will vary depending on swing 
space to move all animals out and types of movable caging transported to a mechanical cage washer. 
The most cost-effective process that promotes the best animal welfare involves free-ranging cats in a 
room with sanitizable or disposable surfaces or materials (e.g., plastic furniture and stretched canvas 
platforms) combined with standard stainless steel cages with open doors and litter pans, which may be 
taken to a cage wash machine at 2-week intervals. This strategy provides cats with choices and control 
while maximizing efficient and effective sanitation of movable enclosures. With this housing method, 
cats may be separated temporarily, if needed, singly, or in pairs inside a traditional cage for experimental 
reasons and otherwise freely exercise in a highly enriched room. The cost of operation of this housing 
option is no different than continually housing the cats in the cages since the cages are taken to cage 
wash at 2-week intervals and the floor is mopped as needed with cats placed inside the cages (author’s 
personal experience). The ideal room design for socially housed cats includes a safety gate or vestibule 
at the entrance to prevent animals from escaping when the door is opened.
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Introduction

Distinguishing the Guidance

The purpose of this chapter is to provide an overview of the important considerations associated with the 
care and use of agricultural animals regarding their environment and housing and to highlight the 
available resources to assist program managers, veterinarians, and research staff. In the United States, 
two guidelines may be utilized when managing programs engaged in research, testing, and teaching 
with agricultural animals: the Federation of Animal Science Societies (FASS) Guide for the Care and Use 
of Agricultural Animals in Research and Teaching (Ag Guide) (FASS 2010) and the National Research 
Council (NRC) Guide for the Care and Use of Laboratory Animals (NRC Guide) (NRC 2011). In most 
developed countries, there are laws and/or standards in place for the use of animals in research. For exam-
ple, in Europe the EU 2010/63/EU Directive is used (European Commission 2016), and in Canada the 
Canadian Council on Animal Care (CCAC) guidelines and the Canadian Codes of Practice are referenced. 
Care should be taken to check for laws and guidance documents operating within a country if your animal 
research program is international in scope. For the purpose of providing a range of resources to draw guid-
ance, we include references to guidelines and training materials from other countries that may be useful 
auxiliary resources.

The NRC Guide has evolved through numerous editions and provides instruction on requirements for 
all animals used in biomedical endeavors that are funded by federal programs administered through the 
Public Health Service (PHS) and National Science Foundation (NSF). The Ag Guide was first developed 
in 1988 for institutional programs using agricultural animals to conduct agricultural research related 
to food and fiber production. However, it too has had to evolve over time to include more guidance 
with respect to the use of agricultural animals in biomedical or agricultural research, largely because 
farm animals and agricultural species’ fundamental needs do not change based on research assignment. 
Therefore, depending on the research objectives and housing situation, both the NRC Guide and Ag 
Guide may be employed simultaneously. There is remarkable harmonization between the NRC Guide 
and Ag Guide with respect to program recommendations and animal care; however, there are also nota-
ble differences, such as requirements for the composition of the Institutional Animal Care and Use 
Committee (IACUC), some disagreement on cage and pen space requirements for certain species, and 
environmental temperature recommendations.

In the United States, the Animal Welfare Act (AWA) (7 USC 2131 et seq.) and its regulations 
(Title 9 CFR Subchapter A, Parts 1–3) also come into play when it has been determined by the IACUC 
that approved protocols represent biomedical research, testing, or training, or include human medical and 
veterinary student education. Any animals used for these purposes are “regulated” or “covered,” as are the 
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spaces, facilities (i.e., surgery suite), and housing areas in which they are maintained. Further clarification 
regarding aspects of agricultural animal use that are regulated versus exempt from U.S. Department of 
Agriculture (USDA) coverage can be found in the Animal Care Resource Guide, specifically Policy 17, 
“Regulation of Agricultural Animals.” Although species-specific standards for agricultural animals have 
not yet been developed under the AWA, the NRC Guide and Ag Guide provide strong supplemental sup-
port to meet the regulatory mandate for animal care. It will be important to remain current on any changes 
that occur between guidelines and state or federal regulations that may affect your program compliance.

Management Approaches Based on Animal Use Goals

Determining the Goals of Animal Use Based on Production, Research, and Teaching

Both the proper management of agricultural animals and related compliance with animal care obligations 
will necessitate special attention to the purpose and requirements of research using agricultural animals. 
The first step is to determine the purpose of the proposed agricultural animal use (Swanson 1998). The 
IACUC is the body that must make the determination of the type of use. Typically, specific attention is 
paid to the funding source and the justification of the experimental or educational goal. If the goal is to 
conduct science to improve the health of humans or to endeavor human teaching and training (whether vet-
erinary or medical) for a similar health or medical purpose, then the use is likely to be categorized as bio-
medical (Stricklin and Mench 1994). The funding source often provides a strong clue. For example, if the 
research activity is funded by the National Institutes of Health (NIH), then the research would most likely 
be classified as biomedical; as such, the PHS Policy on Humane Care and Use of Laboratory Animals, 
the NRC Guide, and the AWA regulations are principle references. The Ag Guide will likely serve as an 
important source of species-specific guidance for areas not covered in depth by the other two documents.

Regardless of the type of research, all animals used in research, teaching, or testing, including breed-
ing stock, should be covered by IACUC oversight. All personnel responsible for agricultural animal care 
and use must achieve an understanding of the applicable regulations and guidelines required to meet 
program compliance. It is highly recommended that agricultural animal facility and research manag-
ers carefully review and discuss approved IACUC protocols with the principal investigator (PI) and the 
attending veterinarian (AV) to ensure compliance is met.

Sustaining Multiple Missions within an Agricultural Program

With the current emphasis on transdisciplinary scientific endeavors, it is not unlikely that an institution may 
be simultaneously conducting biomedical and agricultural research and teaching courses using farm ani-
mals housed within a shared facility; as an example, horses may be used for investigating aspects of species 
reproduction, for biomedical procedures like investigation of hormones and antivenoms, and as models for 
student education and therapeutic wellness programs. The diversity of potential animal use requires that 
staff managing livestock, horses, and poultry at such facilities be conversant in, and knowledgeable of, the 
requirements for the care and housing of animals for the different categories of work. Planning for biomedi-
cal research to be conducted at an agricultural-type facility requires advance input from the PI, the veteri-
nary staff charged with the provision of training and preventative and therapeutic care, and the veterinarian 
in charge of the institutional animal care program (typically the AV) to determine if the site is suitable to 
conduct the proposed activity. For example, if survival surgery is to be conducted on site, then presurgical, 
surgical, and postsurgical requirements must be met. Further clarification regarding veterinary care aspects 
of surgery, drugs, and materials for agricultural animal use can be found in the Animal Care Resource 
Guide, specifically Policy 3, Veterinary Care (USDA 2016c). Equipping facilities to meet the demands of 
dual-purpose activities should be undertaken as projects are approved and prior to the start of work.

Impact on Budgets, Personnel, and Facilities

As with all research endeavors using animals, there are essential investments in constructing and main-
taining facilities and equipment, providing for qualified staff and their training, veterinary care for 
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animals, and the day-to-day requirements for overseeing colonies, herds, and flocks of animals. In gen-
eral, the infrastructure to maintain, handle, and conduct on-site research using agricultural animals is 
expensive. When dual-purpose (both food and fiber and biomedical) research is being conducted, there 
can be additional challenges in obtaining the considerable financial resources necessary to achieve regu-
latory compliance. For example, the environment and conditions under which to conduct survival sur-
gery may carry different expectations for a biomedical protocol versus an agricultural one. Financially, 
this might require either an addition to a facility in order to meet biomedical standards or renovating 
an existing biomedical surgical room at another location. Although every attempt has been made to 
harmonize the guidelines and regulations covering both types of categorical research, it is important for 
managers of agricultural facilities to be acutely aware of the differences. An institution that is conduct-
ing biomedical and agricultural research using the same facilities should be prepared to ensure, or build 
into the facilities, the rooms, pens, and other spaces necessary to meet compliance for both types of 
research. Alternatively, animals can be transported from housing areas to remote facilities that meet the 
appropriate regulatory expectations for animal needs. Preplanning for meeting research objectives and 
ensuring the ability to secure resources when changes are required are important management strategies 
for averting excessive pressure on budgets, personnel, and facilities. This also requires clear communica-
tion of needs and issues within the institutional structure that oversees and budgets for animal research 
and programmatic growth.

Housing

Management of Biomedical Research Animals versus Agricultural Animals

Type of Facility

Agricultural animals can be housed in a variety of management systems, from extensive (e.g., pastures 
or range) to intensive (e.g., houses, pens, or cages). The physical accommodations are dependent on the 
husbandry needs of each species; the scope and type of research, teaching, or testing being conducted; 
and whether the work is biomedical or agricultural in nature. As explained in the various resource guide-
lines, a critical component is to have appropriately maintained facilities for proper management, secure 
housing, and husbandry and health support of animals (CCAC 2009; FASS 2010).

Housing Arrangements for Biomedical Research Animals (USDA-Regulated Species)

During a USDA inspection, the Animal and Plant Health Inspection Service (APHIS) designee 
(typically a veterinary medical officer [VMO]) should be given full access to all areas (pens, barns, lots, 
pastures, or facilities) where regulated animals are kept. During the inspection, all areas of care and 
treatment that are covered under the AWA should be reviewed. This includes observing regulated species 
on site or owned by the institution, as well as inspecting the quality of facilities, including enclosures, 
the integrity of the building and construction materials and space, and food storage areas (USDA 2012).

From a USDA perspective, nonregulated animals (typically laboratory mice, rats, and birds, along 
with those agricultural animals used for food and fiber research) should not be inspected or included on 
the inspection report, unless they exhibit some clear potential to impact the health or well-being of the 
regulated animals (USDA 2016b). This is an important point to keep in mind when both regulated and 
nonregulated animals are housed in the same facility. However, in other countries, where other laws and 
directives apply, this may not be the case.

To provide a rapid visual distinction between animals housed in a proximity that may be used 
for varying purposes, it may be useful to mark animals with a coded system. There are a variety 
of easily identifiable and distinguishable options to choose from, such as housing groups in distinct 
pens or cages, or using colored tags, colored bands, cards, electronic or physical identifiers, and/or 
markings that allow for identification and sorting of both individuals and groups of regulated and 
nonregulated animals. In addition, managers are required to maintain accurate and complete records 
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of the sources, dates of acquisition and disposition, and proper identification of regulated animals on 
the premises (USDA 2012).

When Animal Research Involves Surgical Procedures

Surgical procedures in agricultural animals may be those that are required for experimental purposes or those 
that arise spontaneously due to husbandry, breeding, or natural events (e.g., surgical correction of colic in a 
horse or caesarean section for a sheep in dystocia). Animals that undergo invasive surgical procedures require 
appropriate perioperative support, regardless of the rationale for the procedure. Further, for those proposals 
that may preemptively suggest the potential for emergency surgery, the associated IACUC protocols should 
have written provisions for veterinary care and handling of these types of surgical cases, or make reference to 
a site-specific standard operating procedure (SOP) regarding emergency veterinary care measures.

No matter what the rationale for conducting surgery, standards of appropriate veterinary care should 
be applied. This standard should include sterile instruments and appropriate protective equipment (e.g., 
disposable gowns and gloves). Skin incision or biopsy sites should be disinfected appropriately prior to 
surgical operations. For major survival surgeries, it is expected that facilities are available to accommo-
date the species undergoing procedures and that every effort will be made to perform survival surgery 
under stringent conditions that maximize sanitation and minimize breaches to aseptic technique, accord-
ing to the AWA regulations (USDA 2016c). The Canadian guidance on surgical expectations is explored 
in depth in Section 9, “Specialized Procedures Used in Research and Testing” (CCAC 2009), and other 
countries may have relevant guidance that should be followed.

Animal Procurement

Agricultural housing areas are often established to produce all or most of the animals required on site, 
with breeding and production as the goal. This closed-herd method can preserve biosecurity for improved 
herd health, assist with monitoring genetics, and serve as a key training area for students interested in agri-
cultural practices. However, this approach will necessitate that the facility be designed to accommodate 
and manage a range of animal ages (e.g., birth to adulthood), sexes, and physiological states (e.g., neonate, 
growing, mature, cycling, breeding, pregnant, and lactating) for a particular species on a continuous basis.

Bringing animals into the existing group from outside sources allows for the acquisition of only the 
type of animals required for use at a particular time. This is a common practice for “all in–all out” facili-
ties, where all animals are delivered or arrive in a group at one time and are removed at one time (e.g., 
poultry or swine facilities). Management approaches will be influenced by the cost and availability of 
the type of animals needed; each new animal that enters the herd, flock, or unit is a potential new point 
of contact for disease transmission, thus increasing the need for secure biocontainment across the facil-
ity. For newly introduced animals, domestic isolation and quarantine procedures are vital and should be 
designed to isolate animals from the main herd or flock in order to monitor their health status and ensure 
their compatibility with the resident population.

Background Characteristics of Animals Required for the Category of Work

A wide range of characteristics and requirements will need to be accommodated for biomedical or agri-
cultural needs, including considerations of breed, line, strain, phenotype, age, sex, size, physiological 
state, offspring, genetic modifications, diseases, and/or parasitic infestations of animals to be used for 
research, teaching, or testing (Helke et al. 2015; Underwood et al. 2015).

In general, the standards of agricultural animal care and welfare will be the same for all research ani-
mals, regardless of research type. However, alterations in management and housing are often required 
for special strains; for specific genetic modifications or the exposure or introduction of hazardous materi-
als to animals in order to accommodate animal and personnel welfare; for biological, chemical, and/or 
physical safety; and to abide by the related laws, regulations, and guidelines that pertain to these specific 
situations (CCAC 2009; FASS 2010; NRC 2011).
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Research with Privately Owned Animals on Private Farms

Work Conducted on Private Farms

When research, teaching, or testing is to be conducted by institutional employees on private property 
(e.g., farms), conducted with privately owned animals on institutional property, or conducted with institu-
tionally owned or leased animals on private property, it is essential that the IACUC reviews and approves 
this type of work. Institutions must develop policies for off-site activities in order to ensure appropri-
ate and humane animal care and use (FASS 2010; NRC 2011). Owners of the animals and/or property 
must be informed of the expectations and approved procedures and must have agreed to the procedures 
through formalized consent.

The agreement of understanding may be documented as a contract, memorandum of understanding 
(MOU), consent form, or other arrangement. The document should be comprehensible to a layperson and 
realistic about potential risks and outcomes. The agreement should contain the following items: project 
title, description and purpose of the study, duration, animal species and number, procedures, responsi-
bility for non-research-related health and medical issues, disposition of animals at project conclusion, 
voluntary participation and right to withdraw from the project, access to institutionally owned animals 
on private property, name of the principal investigator and primary contact persons, expectations of the 
owner, consequences and procedures if an owner decides to withdraw from the research, client consent 
statement to participate (acknowledgments and waivers), and stakeholders’ signatures, printed names, 
titles, and agreement date. Consent agreements should be reviewed by the IACUC and/or the institution’s 
legal counsel (Russow and Theran 2003; University of Illinois 2008; University of Kentucky 2013).

Provision of Off-Site Veterinary Care

The oversight of agricultural animal health for research, teaching, and testing is the responsibility of the 
institutional veterinarian (e.g., AV). This individual has direct or delegated authority and ultimately is 
responsible for animal care and use, husbandry and nutrition, disease control, sanitation and biosecurity, 
and preservation of animal well-being. The AV, or a qualified designee that is also a veterinarian, should 
be in routine communication about biomedical and agricultural animal health expectations.

For those agricultural settings that may be remote from a campus or from the centralized administra-
tive unit, it is not uncommon to retain clinical veterinary practitioners that conduct their business or 
practice in closer proximity to farms. Consultant large animal veterinarians can be hired for routine and 
emergent health concerns and may more readily access animals for assessments and treatments than 
the AV located at a distant central campus site. These noninstitutional or “outside” veterinarians should 
receive an orientation on the required guidelines and reporting lines for the institution. If nonveterinary 
staff are appropriately trained, certain treatments may be administered according to dedicated SOPs 
(e.g., veterinary medical care guidelines) that have been reviewed and approved by the AV (or their des-
ignee) or reviewed and approved by the IACUC (CCAC 2009; FASS 2010; NRC 2011).

Planning for Adequate Space for Animals on Research Trials

Because of the larger genetic variation in farm species relative to traditional rodent models, thorough 
consideration should be given to experimental design, in order to address this issue. Increased variability 
may require an increased number of animals to detect treatment differences. To obtain meaningful data 
from research trials, it is imperative that appropriate experimental designs are developed to answer the 
specific study objectives while controlling for variation (CCAC 2016a,b). In order to accomplish this, it is 
essential to know what the experimental unit will be and how units will be grouped for analyses. This has 
a direct effect on the type of housing and number of animals utilized for research. PIs should consult 
with statistical experts during the planning stages of animal experimentation to determine correct study 
design and the required number of experimental units. Managers should gain an understanding of the 
experimental design and the required number of animals in order to plan for the provision of adequate 
housing and procedural space.
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The facility itself should be designed for maximum flexibility based on the types of research trials to be 
run. One should consider how the treatments will be applied to the animals and if treatments will be applied 
to individual animals or groups of animals. For example, when the same treatment is applied to a group of 
animals in one enclosure (e.g., pen, cage, or pasture), the enclosure serves as the experimental unit, not the 
individual animal. In this example, one must plan for an appropriate number of enclosures to accommodate 
the statistical power required in the experimental design. If a treatment can be randomly applied to an indi-
vidual animal in such a way to ensure that the treatment response in any one animal is not influenced by 
the response in the others, then the animal is the experimental unit (Johnstone 2013). And lastly, depending 
on the experimental design, the experimental unit could potentially be both group and individual (Festing 
and Altman 2000).

Building and Facility Redundancies for Continued Functionality

Agricultural animals living in enclosed housing facilities are dependent on the continuous operation of 
the heating and ventilation system for temperature and humidity control and air quality. In addition, elec-
trical power is required for lighting and essential facility operations, such as fans, milking equipment, 
water wells, surgical and procedure room equipment, cold rooms and carcass freezers, and computers 
and security systems. As animal facilities become more technologically dependent, they become more 
vulnerable to equipment faults and power outages (European Union 2016). In closed housing systems 
with high animal densities (e.g., poultry or swine buildings), the animal environment quality can quickly 
deteriorate with a prolonged loss of ventilation or power.

Alarm systems or warning devices are essential to monitor environmental conditions (e.g., temperature 
and humidity), equipment faults, and power failures within animal facilities. The alarm system should 
notify a responsible person of the emergency condition so appropriate remedial action can be taken as 
quickly as possible (CCAC 2009; European Union 2016). For monitoring a gas such as carbon monoxide 
(CO), a CO meter or data logger allows the user to determine if there is a problem and locate the source 
of the emission (University of Georgia Cooperative Extension Service 2007). Emergency management 
SOPs must be developed that describe procedures to follow (e.g., alerting personnel to out-of-acceptable 
range) in the event of these alarm conditions (CCAC 2009). Existing facility alarm and security systems 
are available, either hardwired or with wireless capabilities, and include an array of sensors (such a CO 
monitors), cameras, recorders, and notification options. Due to the size and design of indoor agricultural 
animal housing systems and the nature of their environments (e.g., dusty, corrosive, humid, and harsh 
cleanings), a specialist experienced in agricultural facilities should be consulted in the selection, instal-
lation, and maintenance of commercial systems designed for these conditions.

Backup or emergency power in the form of generators or alternative power supplies should be able to 
maintain ongoing support functions in animal rooms, operating suites, and other essential areas until 
critical procedures are completed (e.g., surgery), or until alternative actions can be taken (e.g., repair or 
relocation) or the power is restored. Emergency SOPs should be developed that describe procedures for 
staff to follow in the event of a power outage.

If generators are to be delivered to the site as the backup power supply, consider having electrical switch-
gears preinstalled on critical power circuits to allow for more rapid generator placement and initiation. It is 
critical to consider the placement of emergency generators, electrical switchgears, and sufficient generator 
fuel supplies to avoid placement in areas subject to flooding (e.g., basements, floodplains, and storm surges). 
Work with institutional physical plant experts to post breaker box locations on equipment and to assess 
critical infrastructure needs prior to an emergency (Goodwin and Donaho 2010; Swearengen et al. 2010).

Alternate sources of backup power include battery-stored power, wind power (e.g., turbines), solar 
power (e.g., panels on rooftops), hydropower, and fuel cells to supply electricity; all these options should 
be evaluated for applicability, safety compliance, and accessibility (U.S. Department of Energy 2016). 
Other alternatives to consider are opening security doors, windows, and removable (breakout) panels 
to facilitate air exchange; the use of portable gasoline engines as temporary replacements for electric 
motors (e.g., to run feed augers); and the use of uninterruptible power supplies (UPSs) to run critical 
equipment (e.g., anesthesia ventilators, cautery units, and surgical lamps) until such procedures have 
been completed.
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Environment

Enrichment of the Environment

The use of environmental enrichments can mitigate or prevent problems by providing for the expression 
of natural social and behavioral needs. Ultimately, the goal of any enrichment program is to prevent 
stereotypies and detrimental behavior from developing by improving the complexity of the animal’s 
environment to encourage the expression of a normal range of behavior, encourage the animal to utilize 
the environment to its advantage, and to promote adaptation to the environment allowing the animal to 
cope with research activity (see Chapter 5 for more information on behavioral management strategies).

Agricultural versus Biomedical Guidance on Enrichment

There are important concepts and considerations for developing a successful enrichment program. First, 
knowledge of the animal’s behavioral, physiological, and anatomical attributes, and the natural history 
of the species provides critical grounding for identifying and implementing suitable enrichment strate-
gies. Second, an enrichment program requires trained personnel to deliver the enrichment, monitor the 
impact of the enrichment on the animal’s behavior to determine its effectiveness, and make adjustments 
and changes when required.

The major guidance documents introduced in the beginning of the chapter address aspects of environ-
mental enrichment. The Ag Guide provides detailed information with species-specific recommendations 
and guidance on the types and use of environmental enrichment. General guidance is provided by the 
CCAC Guide and the NRC Guide, and numerous web resources and texts (Young 2003) are also avail-
able on this subject.

Natural enrichment approaches typically favor housing animals in surroundings consistent with their 
evolved behaviors. For example, the daily provision of a grazing pasture with patches of forest and 
a flowing stream for a small herd of cattle would be an exceptionally enriched natural enrichment. 
For swine, provision of an outdoor lot with wallows and rooting areas would promote species-specific 
behaviors. However, the provision of habitats such as those described here must also meet applicable 
environmental regulations.

For those agricultural species that are housed in agricultural production facilities, integration of 
enrichment may be engineered into the environment in creative ways (brushes hung at head height for 
cattle, reflective mirrors positioned in sheep pens, and straw bedding and substrates for rooting in swine 
areas). Types of enrichments are mentioned in this section, and further descriptions of these enrichments 
can be found in the Ag Guide.

Conversely, for agricultural animals housed in biomedical settings (e.g., off pasture) and within 
fully enclosed buildings, enrichment devices should be fashioned to sustain routine washing and sani-
tization, and then rotated with other novel devices. Depending on the species and the research aim, 
enrichment in biomedical settings for agricultural animals should promote species-specific behav-
iors and may include structural additions, provision of bedding substrates (straw and shavings), toys 
that can be manipulated, hanging objects on short tethers that prevent entanglement, and nutritional 
supplements.

Under research conditions, there are challenges to meeting the behavioral and social needs of animals. 
All agricultural species can develop abnormal behaviors and stereotypies if housed in barren environ-
ments, intensive groups, or under conditions of social restriction, such a single housing or isolation. 
Stall weaving by horses, wool eating by sheep, tongue lolling by cattle, tail biting in pigs, and feather 
pecking and cannibalism in chickens are examples of stereotypies and detrimental behaviors that can 
cause injuries to the animal or others. In order to address the welfare needs of animals directly, the 
unique natures and needs of differing agricultural species must be considered in the conduct of housing 
and husbandry (Russow and Theran 2003). Welfare considerations for agricultural species are a critical 
aspect of research considerations and have been reviewed by experts in related publications (Underwood 
et al. 2014; Grandin 2015b).
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Types and Sources of Enrichment

In brief, there are five types of enrichment used to satisfy animal needs: social, occupational, physical, 
sensory, and nutritional (Bloomsmith et al. 1991). Each type of enrichment requires extensive knowledge 
of animal behavior, as well as the species’ natural history and biology, to ensure that sources of enrich-
ment match the need that is to be addressed and will illicit the desired response and outcome.

 1. Social enrichment is used under a variety of conditions, where animals may be grouped, indi-
vidually housed, or isolated from their conspecifics. Social enrichment can be contact or non-
contact in nature. Social contact enrichment typically employs various grouping strategies with 
other animals. Noncontact social enrichment engages the auditory, olfactory, or visual senses 
to prevent isolation or separation distress.

 2. Occupational enrichment is used to meet a psychological and/or physical need of the animal. 
The manipulation of a device controlling the dispensation of feed or access to a paddock (for 
horses in particular) or a device such as a hot walker (e.g., treadmill) for horses to encourage 
exercise are examples of occupational enrichment (Jockheer-Sheehy and Houpt 2015). The Ag 
Guide provides species-specific examples, such as the use of rubbing and scratching devices for 
self-maintenance in cattle, toys such as pull chains or balls for exercise in pigs, and perches for 
roosting in the vertical space.

 3. Physical enrichments are changes made to the physical environment in which the animal lives. 
Strategies can range from designing floor space to accommodate specific types of behavior, 
such as lying down, or dunging areas to prevent soiling in areas meant for resting.

 4. Sensory enrichments engage the animal’s senses, such as audio playback of sounds, tactile 
stimulation, and placement of windows or pleasant or calming odors.

 5. Nutritional enrichments typically involve the use of food delivery mechanisms or toys with 
species-specific foods.

Future developments in enrichment will come from creative application of technology, efficient data 
collection, improved understanding of behavioral genetics and evolutionary relationships, sophisticated 
application of new findings in learning theory, and the incorporation of new methods for quantifying and 
understanding differing animal temperaments (Ha and Andrews 2016).

Alterations to the Physical Environment Require Acclimation

Species-specific behaviors need to be considered when applying enriching treatments that change or 
alter the physical or social housing arrangement. For example, acclimation of animals to relocation, new 
groups, temperature changes, or isolation for procedures must all be well planned. The fairly innocuous 
decision to change stalls for an animal, or to introduce new devices or toys, can trigger stress or fear 
instead of curiosity upon first exposure. In some cases, animals must learn how to use the enrichment. 
Careful planning and animal safety must be thoroughly considered when implementing and managing 
an enrichment program and species-specific behaviors; that is, dairy cattle tend to learn their new stall 
locations easier when the turns are the same and only the relative distance changes.

Boredom with any particular enrichment strategy requires a program to be dynamic and may require 
a periodic and routine cycling of the enrichment options. Whether it is a change in the housing environ-
ment or an interactive element, when the novelty of the enrichment is reduced through prolonged expo-
sure, consider changing the strategy. During daily observations of animals, it is important to note animal 
interactions with, or the early signs of failure of, provided enrichment tools and devices.

Projects Requiring Confinement

Agricultural animals in close confinement projects or other intensive procedures requiring prolonged 
restraint (e.g., metabolism stall and stanchions) will experience less stress if they have been adapted to 
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contact with people and are trained to cooperate voluntarily with procedures. Because of the degree and 
type of restraint in metabolism stalls, this type of stall should only be used in approved studies and not 
for routine or permanent housing. Animals should have the ability to maintain a comfortable posture and 
to eat, rise, and rest normally. Comfort can be enhanced in metabolism stalls with coated flooring and 
by making the front portion of the flooring solid. When possible, allow for visual, auditory, and olfactory 
contact with conspecifics (CCAC 2009). If necessary, animals not included in the study could be housed 
in the same room to ease the distress associated with isolation.

Because animals cannot typically make their own thermal adjustments in this type of housing system, 
there needs to be appropriate environmental control of temperature and ventilation for animal comfort. 
Personnel should observe animals frequently and monitor for signs of thermal stress, altered behaviors, 
and changes in appetite, urinary and fecal outputs, and the condition of skin, feet, and legs to determine 
if adjustments are required or if humane interventions are needed. The length of time that an animal 
remains in a metabolism stall or stanchion before removal for exercise is a welfare decision that should 
be based on professional judgment and experience and approved by the IACUC. When animals are 
turned out for exercise, the exercise area (e.g., pen or outside lot) should be safe for animals to move 
about with good footing and with no exposure to sharp edges or protrusions (CCAC 2009; FASS 2010;  
New South Wales Department of Primary Industries 2010; NRC 2011).

Monitoring Air Quality within Indoor Facilities

The environmental control system for animals housed indoors should provide an acceptable housing envi-
ronment and appropriate air quality to support good animal health and well-being. Acceptable air quality 
can usually be achieved with proper ventilation, waste management, and routine husbandry. Performance 
specifications and ranges for ventilation and air quality are provided in the major guidance documents.

The primary air pollutants from indoor housing of agricultural species are ammonia, hydrogen sul-
fide (H2S), CO, methane, and dust, both respirable (particles 5 μm or less) and total (FASS 2010). Gas 
detectors (e.g., bellows or pump type) can be used to spot-check levels of these gases, and dust particle 
size counters can be used when it is suspected that respirable dust levels (normally not visible) are high 
(CCAC 2009; Wheeler 2009).

Ammonia concentration is a common concern for agricultural animals. For example, the United Egg 
Producers welfare guidelines (2016) state that ammonia exposure for birds should ideally be less than 
10 ppm and should rarely exceed 25 ppm, which is in agreement with the Ag Guide recommendations.

Agricultural housing systems with manure storage pits are a source of H2S and methane gas. H2S gas in 
high concentrations can seriously injure or even kill animals and people. Methane gas in high concentra-
tions can explode if exposed to an electrical source or spark. This is of major concern when manure storage 
pits are located under floors of animal housing units. High concentrations of H2S and methane are given off 
during manure agitation or removal. It is recommended that when manure pits are pumped out, there are 
no animals or humans in the barn, and there is appropriate ventilation to eradicate the gases, which then 
rise up through slotted floors. This is a danger not only in enclosed barns, but also in open-sided barns with 
short side walls or curtains on calm still days when there is little to no air movement. Based on the guid-
ance documents, persons working in barns should be aware of these health concerns and may need to wear 
breathing apparati in areas where H2S gas or ammonia concentration becomes excessively high due to fail-
ure of facility systems (Choinière 1993; CCAC 2009; FASS 2010; NRC 2011; Rozeboom and May 2012).

CO is an odorless, colorless, and toxic gas produced from incomplete combustion of carbon-based 
fuels. Sources of CO in confinement facilities include unvented or malfunctioning fuel-fired heaters and 
engine exhaust from equipment such as power washers, portable generators, or vehicles and tractors. 
To minimize CO exposure, heating equipment must be properly vented and maintained, and whenever 
possible, portable equipment with engines should be kept outside. If engines must be operated inside 
an enclosed facility, they must be vented to the outside or the facility must be adequately ventilated 
to remove exhaust fumes during use. Attention should also be given to enclosed trailers and trucks 
when transporting animals, especially during cold weather, to prevent vehicle engine exhaust from enter-
ing animal enclosures (National Farm Animal Care Council 2001; NRC 2006; University of Georgia 
Cooperative Extension Service 2007; FASS 2010).
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Monitoring the Environment for Thermal Stress

Most agricultural animals are quite adaptable to the wide range of thermal environments that are typi-
cally found in the natural outdoor surroundings of various climatic regions of the continental United 
States. The thermal environment, or effective environmental temperature, entails the combined effects 
of both the physical environment and the physiological state of the animal. It is important to monitor both 
the animal and its thermal environment in order to assess the potential for thermal stress. Equipment 
can be used to monitor temperature, humidity, air speed, and air movement or drafts; examples include 
the electronic fast-response thermometer, infrared thermometer to measure surface temperature, minimum– 
maximum temperature thermometer, relative humidity hygrometer, air velocity meter, and smoke pen-
cils (CCAC 2009; FASS 2010).

Animals at high risk of thermal stress include young animals, darkly pigmented animals, and animals 
that have been sick or have a previous history of respiratory disease. Heat stress tolerances also vary 
between and within species depending on hair coat type, skin pigmentation, breed origin, production 
level, coat color, body weight, and length of acclimation following an environmental or pen change 
(Agriculture Victoria 2016).

The temperature–humidity index (THI) is used to better characterize the influence of ambient tem-
perature and humidity on the animal in moderate to hot conditions. The Livestock Weather Safety Index 
or Livestock Weather Hazard Guide (LWHG) is based on the THI and is used to describe categories or 
levels of heat stress associated with hot weather conditions. The ambient temperature and percent rela-
tive humidity are obtained from weather reports to determine the THI and the LWHG heat stress level. 
Ranges of THI values have been defined to indicate that the potential for heat stress in livestock exists 
all the way up to the emergency level, indicating when plans for handling livestock should be postponed, 
if at all possible. Differing references on calculating THI for livestock versus lactating dairy cows are 
available (Alkire 2009; FASS 2010; Collier et al. 2012; USDA 2016a). Heat stress in animals is cumu-
lative, and managers should be aware of the clinical and behavioral signs associated with heat stress 
(Table 23.1). If night temperatures do not get low enough to cool animals, then animals cannot make a 
full physiological recovery before exposure to the next day’s heat event (Dahlen and Stoltenow 2012).

TABLE 23.1

Clinical and Behavioral Signs Indicative of Thermal (Heat) Stress

Clinical and 
Behavioral Signs Livestock Poultry/Caged Layers Horses

Group behaviors Crowded around water tanks 
or shade

Standing erect with wings 
held away from body

Profuse sweating; dehydration 
with a prolonged skin tent of 
several seconds at the neck 
or shoulders

Activity Lethargy, immobility or aimless 
wandering, staggering

Fatigue, droopy ears

Appetite Poor Poor Poor

Respiratory effort Increased respiratory rate 
and heart rate

Panting Increased respiratory rate and 
heart rate

Temperature Elevated rectal temperature Rectal temperature greater than 
103°F

Individual 
behaviors

Drooling, slobbering, 
open-mouthed breathing

Gular (throat) flutter Lethargy

Emergency 
conditions

Collapse, nonresponsiveness, 
seizures, death

Collapse and death Collapse and death

Source: Kerr, S., Livestock heat stress: Recognition, response, and prevention, Washington State University Extension Fact 
Sheet FS157E, Pullman: Washington State University, 2015, http://cru.cahe.wsu.edu/CEPublications/FS157E/FS157E 
.pdf; Hunton, P., and L.J. Weber, Poultry: Heat stress in caged layers, Fact sheet, Guelph: Ontario Ministry of 
Agriculture, Food and Rural Affairs, 1988, http://www.omafra.gov.on.ca/english/livestock/poultry/facts/88-111 
.htm; Martinson, K. et al., Managing horses during hot weather, Minneapolis: University of Minnesota Extension, 
2006, http://www.extension.umn.edu/agriculture/horse/care/managing-horses-during-hot-weather/.

http://cru.cahe.wsu.edu
http://cru.cahe.wsu.edu
http://www.omafra.gov.on.ca
http://www.omafra.gov.on.ca
http://www.extension.umn.edu
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The wind chill effect takes into account the ambient air temperature and the wind speed. This was 
developed in order to arrive at an effective (“feels like” or “still air”) temperature that accounts for the 
cooling effect of the air as it draws heat away from the body in cold temperatures. Cold stress occurs 
as the animal loses its ability to conserve and generate body heat to stay within its thermoneutral zone. 
Personnel and managers must be aware of normal behaviors of the animals under their care in order to 
identify abnormal behaviors related to thermal stress. Fact sheets are available from various extension 
sources that describe signs and mitigation strategies for thermal stress in agricultural livestock species, 
which also include cellphone applications. Refer to the following resources: Tarr (2007), Kerr (2015), 
Hunton and Weber (1988), Martinson et al. (2016). Heat stress applications (apps) for smart phones cal-
culate heat stress conditions and provide mitigation suggestions. Apps are available from Google Play, 
BlackBerry World and the App Store (e.g., USDA Agricultural Research Service (HEAT STRESS), The 
University of Missouri (ThermalAid), The University of Guelph (Canada) and the Ontario Ministry 
of Agriculture and Food and the Ministry of Rural Affairs (HEAT STRESS IN LIVESTOCK AND 
POULTRY) as well as livestock feed companies).

Corrective Actions to Offset Temperature Effects

Before heat or cold or chill stress occurs, the management team should be aware of which animals, 
flocks, or herds are most susceptible and have a plan to alleviate the stressors.

To reduce potential for heat stress, managers should consider enhanced access to water, alternating 
feeding times to the coolest periods of the day, promoting air movement, cooling with sprinklers or fans, 
enhanced shade areas, and potentially providing bedding substrates that do not retain heat. Animals may 
also be provided with electrolyte supplementation if prone to fluid loss or dehydration, and handling 
activity should be minimized to conserve energy (Dahlen and Stoltenow 2012).

To reduce cold stress in animals, monitor the weather and adjust feed and energy for low critical tem-
peratures, provide wind breaks and shelters, design structures to reduce stress from excessively cold tem-
peratures and wind chills, keep animals clean and dry in well-bedded areas, and be sure to provide ready 
access to additional feed and ample unobstructed water (Hamilton 2006; Beef Quality Assurance 2016).

Oversight of Veterinary Care and Animal Welfare

Qualified Veterinary Care

All guidance and regulatory expectations state that a veterinarian with experience in the care of agri-
cultural animals must be accessible to research investigators and instructors. Veterinarians in their role 
should be familiar with the national or federal and local regulatory guidance and any institutional affili-
ated animal care policies (see the introduction for reference to guidance documents) as part of their job 
requirements. The amount of time that the veterinarian contributes to the program is not mandated; how-
ever, the veterinarian must have the authority to ensure that aspects of the animal care program are met. 
Familiarity with agricultural practices, herd health, and husbandry nuances will foster the important 
relationship between veterinary and nonveterinary staff members; these relationships are critical, since 
direct, frequent, and routine communication must occur between this animal oversight group and the AV.

Veterinary Care by Farm Staff

No program has to rely on a sole veterinarian for clinical assistance and regulatory advisement; instead, 
the AV can delegate authority to other qualified veterinarians and further enlist subject matter and spe-
cies’ experts when making decisions about agricultural animal care. Ideally, the veterinarian that works 
with the nonveterinary team (e.g., barn or farm managers, dairy personnel, and husbandry teams) will 
have experience with the species of animals being assessed. Contracting with regional veterinary college 
faculty and staff and/or private practitioners for ruminants, equine, poultry, swine, and other specialties 
can facilitate provision of timely and species-appropriate veterinary care.
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Written programs of veterinary care can involve veterinary medical instructions for trained nonveteri-
nary staff members that are employed in farm, dairy, and production environments. These instructions 
or veterinary medical care guidelines (i.e., vet care SOPs) can include guidance on recognition of sick 
animals, assessment tools, surveillance techniques, treatment options, and administration of therapeu-
tics. It is advisable to provide these instructions to farm managers and staff in order to explicitly outline 
what medical care can be offered promptly by the staff and when to contact the veterinary team on 
medical cases. These documents should be reviewed and updated on a routine basis by veterinary staff 
and discussed with the IACUC.

These veterinary medical care guidelines should be available at all farm sites for agricultural species 
used for agricultural research, teaching, and testing and ideally should contain information to include

• Emergency contact names and numbers (e.g., farm manager, veterinarian, and investigator staff)

• Expectations on animal identification, surveillance, and observations, and a checklist of abnor-
mal conditions to document (attitude, appetite, locomotion, any bodily fluids or discharges 
noted, respiratory rate and effort, and fecal and urine output)

• Checklist of emergencies that require veterinary attention (e.g., inability to ambulate normally 
or stand, signs of pain or distress, respiratory distress, hemorrhage, or neurologic abnormalities)

• Instructions for how to initiate treatment with drugs, doses, route, dosing schedule, duration of 
use, and potential withdrawal times

• Reminders throughout the treatment protocols that if the condition of the animal worsens or the 
animal is nonresponsive to treatment, a clinical veterinarian should be contacted for consulta-
tion and further assessments

Related to the veterinary medical care guidelines, access to antibiotics and routine agricultural prac-
tice drugs (e.g., vaccines, antiparasitics, vitamins, and minerals) should be outlined so that no animal 
goes without treatment for a prolonged period of time for any reason, even for routine issues in farm 
settings. Decisions about essential veterinary procedures (which diagnostic tests may be needed, the 
decision to euthanize unhealthy animals, and approval for necropsies for individual assessments or herd 
health surveillance) should be done only under the direction of the AV or designee. Funding for these 
types of services, which can be costly for larger animals and/or multiple animals from a particular herd 
or flock, needs to be provided as part of the program of veterinary care and should be supported by the 
administrators of the animal care program.

If an establishment does not have a full-time AV, then a written program of care for USDA-covered 
studies must be documented on USDA APHIS Form 7002, “Program of Veterinary Care (PVC) for 
Research Facilities or Exhibitors/Dealers” or an equivalent format. This written program is to be 
reviewed on a routine basis and updated whenever necessary. By law, such programs must include regu-
larly scheduled visits to the animal housing sites by the veterinarian to best monitor animal health and 
husbandry needs.

Use of Scoring Systems to Evaluate Animal Well-Being

Body condition scoring (BCS) is the term used to describe the relative fatness or thinness and overall 
nutritional status and health of animal species. This concept has provided a significant improvement 
to the provision of adequate veterinary care and husbandry. Scoring is often graded on a 5- or 9-point 
scale, where the central number on the scale (e.g., 3 on a BCS 5-point scale and 5 on a BCS 9-point scale) 
represents an animal that is in average flesh and appropriate appearance. Scoring is based on palpation 
of an animal and determination of visual assessments of bony protuberances, spinous processes, and 
conformation. Representative pictures of animals at the designated scores (from thin to obese) ideally 
will accompany scoring descriptions to ensure an objective and consistent assessment by any observer 
of the same animal. Individual animals can also be scored relative to the overall flock or herd score as a 
useful management tool, in particular to judge the overall fullness of muscling and amount of fat cover 
in animals, as well as indicators of potential reproductive success. Visual scoring can be augmented by 
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the use of tape measurements and ultrasound images of back fat estimates in certain species, like pigs, 
sheep, horses and beef cattle (Mississippi State University Extension Service 2016; National Hog Farmer 
2016; University of Arkansas at Pine Bluff 2016; University of Nebraska-Lincoln 2016). Layer hens and 
poultry can be assessed by palpating keel and breast muscles; a more well-fleshed bird will have a less 
prominent keel and plump, rounded musculature surrounding the bone.

Locomotion Assessments

Lameness in agricultural species is one of the more common veterinary care issues for those animals 
housed on pasture, as well as those housed on indoor surfaces and grating. Hooved animals are prone 
to foot rot, which can result in locomotion issues, chronic pain, and reduced productivity. Lameness in 
cattle placed in indoor confinement areas has been attributed to bacterial infections of the hoof, as well 
as injury to the horn of the claws of the foot.

Hoof trimmings should be part of scheduled veterinary care for both livestock and horses. Hoof trimming 
is also a particular concern for sheep and swine housed indoors in biomedical settings where the floor sur-
faces are not conducive to promoting hoof wear and tear. In addition, individual animals, as well as flocks, 
may be treated with antimicrobials and routine foot baths to combat the persistence of hoof infections.

For cattle that are housed indoors in confinement spaces for any period of time, veterinary care may 
need to be provided to alleviate hock lesions and joint swelling related to injury. Environmental con-
tributors that can exacerbate limb lesions include the type of flooring, how wet or dry the flooring is at 
the time animals are ambulating, the design of stalls, the presence of manure, and stocking density that 
might promote animals stepping on herd mates. Anecdotally, provision of a softer substrate (i.e., sand), 
floor padding, or supplemental bedding materials may greatly reduce hock lesions, particularly in dairy 
cattle.

Expectations and Management of Sanitation

Cleanliness of agricultural animal facilities is encouraged as a particular element of any veterinary care 
program; importantly, this does not mean that the housing and flooring environment has to be sterile. 
Clean areas promote animal health and well-being, particularly in indoor environments with limited 
housing space for animals enrolled in biomedical studies. Keeping animal waste removed from the 
biomedical housing areas is a requirement of the NRC Guide; however, this daily removal of waste is 
challenging to achieve in a pasture or barn setting when multiple animals are cohoused in an agricultural 
field or similar outdoor setting. Many agricultural facilities may only be sanitized between successive 
groups of animals, and this may only be feasible semiannually. For ruminants, swine, and poultry, dis-
infection of a primary housing stall or barn enclosures will be the exception, not the rule, in agricultural 
research (Tillman 1994). In equine research environments, proper drainage and removal of excrement is 
essential in stalls, paddocks, and walkways for preservation of foot health; in addition, high amounts of 
bedding substrates will help to absorb urine and prevent backsplash and scalding (Jonckheer-Sheehy and 
Houpt 2015). Overall, a plan should be enacted to ensure that animals are maintained in reasonably clean 
and dry surroundings that promote the health of the animal species and also the health of the human 
workers that interact with the animals in the housing environment.

Animal Handling and Restraints

Safe handling and restraint of agricultural animals is essential for a successful research, teaching, or 
testing program or production facility. Animal welfare is strongly influenced by the relationship between 
animals and humans. A positive respectful attitude toward animals and an understanding of animal 
behavior and human interactions with animals will help to reduce stress, improve outcomes, and reduce 
potential research bias.

Agricultural animals present substantial challenges to animal caretakers with respect handling and 
restraint. They are significantly larger and are herd or flock oriented, which can lead to safety problems 
if personnel are not familiar with that particular species’ norms of behavior. Excellent resources are 
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available on handling and restraint in the Ag Guide (FASS 2010). Independently offered workshops are 
another resource for training personnel (see Charles River Laboratories, FASS online modules, CCAC 
farm animals stream training, etc.), and the majority of research institutions using animals typically offer 
training to personnel handling animals.

Agricultural animals should be given appropriate opportunities to acclimate to humans that will work 
with them. In order to accomplish this, personnel need to be trained and experienced in animal behavior, 
in how to approach animals in a calm slow manner, and how to capture, lift, move, or herd animals by 
understanding flight zones and how to use them. This can be done by staff consciously and slowly walk-
ing in a nonaggressive manner through pen and stall areas or down aisles where animals are housed. 
Avoidance of quick movements (an action signatory of predators), limiting direct eye contact, and assum-
ing a calm demeanor helps to dampen fear (CCAC 2009).

In a production agriculture setting with large numbers of animals, the animals may have only limited 
contact with humans and may require commercial handling equipment. In a biomedical setting where 
animals are housed indoors or in small groups, there is the opportunity for frequent human contact and 
the need to habituate animals to the restraints and procedures required in order to reduce stress in both 
humans and animals. In this case, it may also be possible to use reward systems (positive reinforcement) 
to elicit the animal’s cooperation with the procedures.

Handling and human–animal interactions are improved with properly designed facilities. Factors 
to consider include facility flooring, equipment design and maintenance, sanitation, animal condition-
ing, minimal restraint if possible, and limiting restraint time. Examples of acceptable restraint devices 
include equipment such as hobbles, squeeze chutes, stanchions, or Panepinto slings (Grandin 2016b; 
Grandin 2014; FASS 2010). With the use of appropriate moving devices, such as pig boards, flags, slap-
pers, rattle paddles, streamers, or halters with lead ropes, animals can be guided with minimal manual 
manipulation through facility areas. Electric prods should be limited to only specific situations with 
appropriate training on their use (Grandin 2016a; National Farm Animal Care Council 2016).

Animal Transportation and Equipment

Livestock transportation is a process that involves handling, loading, moving, unloading, and changes 
in environment for the animal. This process can be further impacted by factors such as isolation, new 
social groups, unstable footing, changes in ambient temperature and humidity, exhaust fumes, withhold-
ing of feed and water, and potential exposure to pathogenic organisms. Whether transporting animals 
within the facility or across jurisdictions, the primary concern should be the safety and comfort of the 
animal. In addition to the Ag Guide (FASS 2010), the NRC Guidelines for the Humane Transportation 
of Research Animals (NRC 2006) also contains an overview and recommendations for livestock, with 
special tables addressing considerations important to safely transporting livestock, including critical 
temperature zones and an index for safe transport based on weather conditions.

Prior to transportation, the health and physiological status of the animal and the duration of the move 
should be assessed to determine if the animal should be transported. Transport vehicles (e.g., transport 
carts, containers, trailers, and trucks with loading ramps) should be sized to accommodate the species 
and should be clean and dry, have a nonslip floor, be well bedded when needed, and have proper ventila-
tion. The transport vehicle or trailer should be inspected to ensure that doors, latches, welds, flooring, 
hitches, tires, lights, and brakes are in working condition. Consideration should be given to loading 
animals at stocking densities appropriate for their weight, sex, species, and trip duration. While most 
agricultural animals have a large range for their thermoneutral zone, they need to be protected from 
temperature extremes during loading and unloading and transport. For the health and welfare of the 
animal, minimize the time that livestock and poultry are on vehicles and minimize stationary time when 
ventilation depends on vehicle movement.

Transporting livestock or poultry requires a knowledge of, and compliance with, current local, state, 
and federal regulations and identification requirements. There are additional regulations, inspections, 
and health certificates when animals cross state lines or international borders, depending on species. For 
long-duration transport, there are regulations and considerations for feed, water, exercise, and lairage 
(resting areas). A transportation emergency plan should be developed; this plan should include responses 
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for emergencies such as delays, vehicle damage, accidents, escapes, illness, segregation, and euthanasia, 
and contact information for trained and qualified persons to assist during an emergency (Canadian 
Agri-Food Research Council 2001; NRC 2006; NRC 2011; FASS 2010; North American Meat Institute 
2013).

Medical Records

Medical records, as a means to document animal health observations, are critical for monitoring animal 
health issues that may arise as part of the experimental outcomes or through iatrogenic routes. The pres-
ence of medical records is widely recognized as a hallmark of a program of adequate veterinary care 
(Field et al. 2007), and the AV must have the authority to oversee the medical records program.

These medical records should contain, at minimum, the identification of the animal, any relevant 
medical history of the animal, vaccination records, research purposes and any related research use or 
interventions, surgical reports, treatments, withdrawal dates from medication, and documentation of 
resolution of concerns. Personnel that typically may be responsible for making medical record notations 
include veterinary and technical staff, animal care staff, and research groups.

Information on active medical cases should be reviewed daily, and subsequent entries on animal health 
observations should be chronologically provided, dated, and initialed by the observer. Records may be 
maintained in electronic database format, or may include legible paper files maintained on site within 
barns or housing areas. In summary, every facility should have a system of medical records sufficiently 
maintained to demonstrate adequate veterinary involvement.

Medical Record Maintenance

It may be prudent to forego individual animal records in lieu of group health records for animals kept in 
cohorts. Methods of how to design medical records should be made in consultation with the AV and/or 
veterinary designees and should reflect an appropriate level of communication about existing, ongoing, 
and resolved health concerns in the agricultural populations.

Individual health records may be preferable for those specific animals that receive routine independent 
health evaluations or that have ongoing health needs that require frequent rechecks, treatments, or obser-
vations for progression of clinical signs or improvements.

Medical Record Accessibility

Per the AWA and Animal Welfare Regulations expectations on veterinary care, “animal medical records 
must be kept and made available for APHIS inspection.” These records should be maintained for the 
duration of the activity and kept for an additional 3 years after completion of the projects. All records 
shall be available for inspection and copying by authorized APHIS representatives within a reasonable 
time frame; original materials are not to be removed by the inspector from the premises and confidential-
ity of the information will be maintained by USDA inspectors. Should a particular animal medical record 
be requested by the public from the USDA (e.g., from a Freedom of Information Act [FOIA] request) or 
from the institution itself, legal cooperation may be necessary to address the planned response.

Records Reflecting Animals Undergoing Surgical and/or Invasive Procedures

Aspects of surgical or invasive procedures on individual or cohorts of agricultural animals should be 
recorded and essentially present an accurate depiction of the process and outcome of the surgery. The 
use of expired medical materials (fluids, sutures, anesthetics, etc.) during any survival surgery procedure 
on a regulated species is not acceptable and inconsistent with adequate veterinary care (USDA 2016c). 
Similarly,  pharmaceutical-grade substances are expected to be used whenever they are available, 
including for acute terminal procedures; cost savings alone is not a sufficient justification for the use of 
non-pharmaceutical-grade items.
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Procedures should be thoroughly described in detail for surgical events. If animals are to be reused 
for multiple procedures, particularly palpation laboratories for teaching of students, the relative number 
of palpations over a designated time frame should be recorded and reviewed by veterinary personnel. In 
particular, postoperative analgesia to relieve pain and/or distress is expected to be delivered, barring a 
worthy scientific justification to withhold such treatment. The AV has the authority to alter postoperative 
care measures if unexpected painful outcomes occur in animals. If an agricultural animal is taken off 
site (to a farm or clinic) for further postoperative assistance, then the site may also need to be inspected 
by federal, regional, or institutional staff to ensure compliance with programmatic expectations of vet-
erinary care.

Biosecurity and Animal Disposition

Biosecurity for agricultural animals involves the security measures taken to prevent unintentional ani-
mal infections and infestations. Biosecurity is achieved through bioexclusion, which can be accomplished 
through appropriate facility design, training, and operational precautions. The degree of biosecurity depends 
on the animals’ susceptibility to disease and the intended use of the animals. A mechanism to review, 
restrict, and/or approve animal acquisitions should be in place to ensure that adequate housing is available 
and appropriate veterinary quarantine procedures are established before shipping or arrival of animals.

Animals should be obtained from reputable sources with good health management, and who can 
provide a known health status. Some studies may require animals with specific criteria, such as specific 
pathogen-free (SPF), nutritional status, genotype, disease status, or production traits. Health requirements 
may vary for animals required for acute versus short-term studies versus long-term studies. Animals 
of unknown origin (e.g., livestock auctions) may pose a significant health risk and should be handled 
accordingly. When facilities bring in new animals, they must be acquired and transported legally in 
compliance with applicable international, federal, and state regulations and institutional procedures. 
As mentioned previously, upon arrival animals should undergo a domestic quarantine and acclimation 
period, including veterinary assessment (physical examination) and administration of any appropriate 
preventative or clinical treatments.

Biosecurity for personnel should include a training program about animal hazards, immunizations 
against zoonotic agents (e.g., influenza) that can infect both humans and animals, personal protective 
equipment (PPE), avoidance of hand-to-mouth or -face activities in animal facilities, and policies for 
working within livestock areas. Visitors should be informed of the risks of entering an animal facility, 
and a biosecurity risk assessment should be performed to determine the risks of allowing visitors into 
an animal facility. Based on the outcomes of the biosecurity risk assessment, visitation may be limited 
to days or weeks following any dedicated animal contact, with a requirement for PPE and shower-in for 
entry, or may be forbidden based on disease concerns in general agricultural populations (e.g., to avoid 
potential transmission of avian influenza into a closed flock.)

Vermin, predators, and other animals pose additional biosecurity risks to be evaluated, excluded, or 
controlled. Examples include other domesticated agricultural species, dogs, cats, wildlife, wild rodents, 
birds, insects, and feral livestock. These animals can bring in or carry out pathogenic and zoonotic dis-
eases, adversely affect resident populations, and contaminate feed and water supplies.

From both a biosecurity and a facility security perspective, a perimeter fence around agricultural 
animal areas should be strongly considered. A perimeter fence can prevent or discourage animals from 
leaving facility grounds and reduce potential liability due to property damage or personal injury when 
animals enter roads or other unsafe areas. A fence can deter other animals or people from entering the 
animal facility grounds, while providing dedicated access points that can be controlled, monitored, or 
locked when required for biosecurity purposes (e.g., highly pathogenic outbreaks) or for facility security. 
Considerations for a perimeter fence include function; design; material; fence posts; gates, crossings, 
and guards; access controls; signage; alarms; monitoring devices (e.g., cameras); power requirements; 
proximity to buildings or storage areas; deliveries and load-outs; buffer zone with double fencing; life 
span; maintenance; boundary lines; and applicable laws, regulations, ordinances, or rules (Levis and 
Baker 2016; Worley 2016).
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Additional points to consider for biosecurity risk assessment are facility access points, facility layout, 
fencing, alarm systems, aerosol transmission (wind and airstreams), signage, personnel traffic patterns 
within and between buildings, boot cleaning and disinfection, contamination in feed, impure water, 
vehicles (transport, delivery, and service), equipment, manure handling, and carcass disposal. Hazard 
analysis algorithms are available for use within the agricultural setting to assess overall biosecurity (e.g., 
Hazard Analysis Critical Control Point [HACCP] system) (Beef Quality Assurance 2016).

Disposition of animals that are no longer required for research, teaching, or testing includes abattoir, 
auction market, return to home farm, sale, gifting, loaning, transfer of ownership, adoption, or eutha-
nasia and appropriate disposal. The type of disposition will depend on a health and welfare assessment 
of the animal for suitability to the method of disposition and should be in compliance with veterinary 
recommendations, such as those from the American Veterinary Medical Association (AVMA). Final 
decisions on disposition should be made by the veterinarian in conjunction with recommendations from 
the research team, and must follow applicable international, federal, and state regulations, as well as any 
institutional procedures (CCAC 2009; FASS 2010).

Animals and Personnel Safety

People need to have a realistic understanding of agricultural animals and their behavior to avoid putting 
themselves or others in situations that could cause stress, harm, or damage to people, animals, or facili-
ties. People who are not properly trained need to be closely supervised until competence is demonstrated 
in their required areas of work (Ontario Ministry of Labour 2006; CCAC 2009; FASS 2010).

Facilities should be designed with appropriate flooring, adequate sanitation, secure enclosures, and 
chutes, alleys, or raceways that prevent turning around or wedging and with sides high enough to prevent 
jumping out. Ramps and platforms should facilitate walking and prevent slippage, while step heights and 
slopes should be no greater than recommended maximums. Livestock tend to be curious about structures 
and items in and around their environment. It is best to examine an animal’s structural environment to 
correct any elements that would allow an animal to become stuck, caught, or hung up on design elements. 
It is also important to maintain cleaning practices and remove foreign objects from the animal’s environ-
ment before livestock lick, chew, or swallow objects they should not ingest.

When it comes to working with livestock, size matters. Many species of livestock are larger, stronger, 
and quicker than humans. As a result, there is the potential for serious injury or death to humans or 
other animals. Social structures and instincts, such as herding, hierarchy, dominance, and mothering, 
can result in radical changes in behavior when individual animals are separated from the herd or flock, 
new animals are introduced to the herd or flock, or during breeding, birthing, or mothering. In addition, 
some individuals, breeds, strains, and sexes have unpredictable temperaments, making them more dif-
ficult or even dangerous to handle. Safe handling of animals requires emphasis on education and train-
ing, properly designed facilities, appropriate handling equipment, and proper PPE (Dogan and Demirci 
2012; Grandin 2015a).

An occupational health and safety program is a requirement for individuals working with animals 
(CCAC 2009; FASS 2010; NRC 2011). It should be noted that when animals are reared on farms in agri-
cultural settings, the National Safety Council ranks agriculture as one of the most hazardous industries 
in the nation (OSHA 2009; Wilkinson and Tilma 2016). Thus, the risks must be appropriately assessed 
by occupational health and safety specialists and be consistent with federal, state, and local regulations.

Common hazards for people in an agricultural animal setting include (OSHA 2016; Victoria State 
Government, Australia 2016)

• Animals: Bites, kicks, scratches; knocked, tossed, gored, crushed, rammed, trampled; zoonotic 
infection

• Chemicals: Burns, respiratory illness, poisoning

• Confined spaces: Poisoning, engulfment, suffocation, drowning

• Drugs and drug exposures
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• Veterinary: Human reproductive issues, bronchoconstriction in asthmatic individuals, ani-
mal or human death, residue in animals or animal products

• Research: Nonpharmaceutical grade, unknown side effects, adverse reactions, animal death, 
residue in animals or animal products

• Electricity: Shocks or electrocution

• Ergonomic risks: Musculoskeletal injury

• Heights: Falls resulting in injury, death

• Machinery: Crashes, rollovers, falls, amputations, crushing, ejection, entanglement

• Noise pollution: Hearing loss

• Vehicles (motorized or animal): Crashes, falls

• Water: Slip and fall, drowning

• Weather: Sunburn, heat stroke, dehydration, frostbite, hypothermia, lightning strike

Special Research Considerations

Researchers and farm personnel should meet to discuss needs, expectations, and priorities prior to begin-
ning a research project to achieve a mutual understanding on the following topics:

• Project and the expected timelines and outcomes

• Labor requirements

• Equipment and facility needs

• Scheduling of activities (husbandry efforts and experimental treatments)

• Special aspects or requirements of the project

Researchers will aim for as much consistency of activities as possible for animals on research proj-
ects (e.g., husbandry efforts to feed and clean at consistent times daily); this same effort for consistency 
should be a priority of the animal management group. Realistically, it is impossible for every project to 
be a first or top priority. Understanding and achieving consensus between the research teams and hus-
bandry management on these details will help reduce potential conflicts.

Tracking Animals on Experiments and across Teaching Courses

Once research and teaching projects have been approved by the IACUC, it is imperative to maintain 
records of animals on these projects. These records facilitate tracking animal usage and decisions on 
the potential for planned reuse of animals. A variety of information can be maintained for each animal, 
including origin, medical record (health history), experimental use (e.g., number of palpations performed 
on the animal by trainees, blood draw descriptions, and physical examination practice), and ability to 
be utilized on differing projects to meet institutional objectives. The following list offers suggestions of 
data important to track:

• Animal medical history (e.g., health, lameness and hoof lesions, treatment, preventative care, 
anesthetic, surgical care, mortality, and necropsy)

• Potentially harmful products to which the animal has been exposed (e.g., drugs, chemicals, and 
biologicals)

• Individual animal and/or group of animals (including acquisition and disposition)

• Nutrition information

• Production records

• Breed or pedigree



550 Management of Animal Care and Use Programs in Research, Education, and Testing

• Experimental animal use on approved IACUC protocols

• Genetic manipulations

• Pesticide use

• Animals on hand (inventory)

• Attending or clinical veterinary visits

• Room or pen maintenance logs

Because large agricultural species are typically long-lived, within food and fiber production settings it 
is not uncommon for animals to be used in multiple projects (e.g., nutrition, production, and breeding). 
Tracking usage (and reuse) becomes critical in documenting an animal’s complete medical history and 
making decisions about its suitability for a new project.

Record keeping and maintenance of the associated paperwork takes time and effort. The time require-
ment should be acknowledged as an expected part of the manager’s job, and appropriate time must be 
allotted to accomplish these critical tasks (CCAC 2009; FASS 2010; NRC 2011; ; European Union 2016; 
USDA 2016b).

Effects of Research on Animals and Animal Products

Working with agricultural animals allows for the potential sale or harvest of the animals and their prod-
ucts in the form of meat, milk, eggs, fiber, and waste. To determine the actual cost of an activity and the 
appropriate disposition of both animals and animal products, it must first be determined whether the ani-
mals and/or their products are edible, adulterated, or contaminated. This information dictates whether 
the animals and/or their food products may be processed through normal food production channels or if 
they must not enter the human food chain. Both the Food and Drug Administration and the USDA are 
primary regulatory agencies that oversee food law with respect to animal products in the United States.

Sale or disposal will be determined by the applicable laws and regulations of the country, state, or 
locale. While income can be gained through the potential sale of healthy animals and/or their products, 
there can also be income losses and costs associated with the disposal of these animals and their prod-
ucts. Consultation with a veterinarian, qualified animal scientist, or appropriate agency official familiar 
with the species and products of interest can be useful in making these decisions (CCAC 2009; FASS 
2010; NRC 2011).

Review of Projects and Communication about Project Requirements

Animal use projects, SOPs for routine animal care, and veterinary guidelines are reviewed as part of 
the IACUC oversight. However, institutional approval may not be the same thing as farm or facility 
approval. PIs or teaching instructors planning to use animals should contact facility or husbandry man-
agers during the project planning phase and before protocols are submitted for IACUC approval so that 
animals, facilities, project needs, and scheduling are assured. Once an animal use protocol has been 
approved, written notification from the IACUC is sent to the PI or class instructor confirming that work 
may commence. It is the responsibility of the PI or instructor to inform the farm or facility personnel that 
a particular research or teaching protocol has been approved, to make arrangements for commencement 
of the project, and to provide the essential details that farm or facility requires to meet the request. There 
are any number of ways this notification of relevant stakeholders can take place; the next paragraphs 
describe forms and PI notifications as options.

Department or Unit Animal Use Form

After projects are approved by the IACUC, a form can be completed by the PI that provides a proj-
ect overview and the specific farm or facility details required to conduct the project (e.g., special feed 
requirements, animal availability, appropriate housing space, and equipment and labor needs). This 
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completed form is then sent to each responsible party (e.g., farm or facility manager, research coordina-
tor, chairperson, and unit director) to review and sign off on the project, including agreement on other 
important issues, such scheduling and per diem charges. The document can then be kept for reference 
throughout the lifetime of the project.

PI Notification to Farm or Facility Manager

Alternatively, PI notification may only need to go to the farm or facility manager. It is imperative that 
farm or facility managers are fully informed about the expectations of the project, have enough space 
to house the species and animal numbers requested, and have indicated when the project can begin. 
Notifications may also be conducted through designated user groups (e.g., a farm or facility research 
committee) that include key stakeholders involved in animal projects.

Scheduling Projects to Run in Parallel within the Same Facility or Farm

In active animal facilities, the number of projects and the subsequent demand for animals can outpace 
the capacity of the facility. Prioritization is required to maximize use of both animals and facilities.

There are several approaches to prioritize these decisions depending on established relationships and 
arrangements within the institution or facility. The decision could be made by an individual (e.g., facility 
manager), small group (e.g., facility manager and research coordinator or veterinarian), or a committee 
(e.g., facility manager, research coordinator, scientists, and veterinarian) familiar with the projects or 
activities to be performed; these individuals should also have an understanding of the facilities, animal 
species, and farm area management.

Adverse Event Reporting

Procedures must be established to report problems such as animal injury, illness, or death, and mechani-
cal breakdowns or malfunctions within the animal facility. A reporting structure must first be established 
to identify those people responsible for the health, safety, and welfare of the animals, facilities, and activ-
ities, for example, the facility manager, the AV or institutional veterinarian, and the investigator(s), if part 
of a research trial. Animal care management and research personnel must be aware of these procedures 
and the obligation to report such problems in a timely manner to the responsible individuals. A beneficial 
approach to reporting is “if you see something, say something.” It is also important for all personnel to 
understand what to do when an unexpected adverse event occurs. An adverse event is an outcome that 
has a negative impact on an animal’s welfare beyond what was described in an approved protocol or 
SOP. Such an event would not only be a detriment to animal health and welfare but also be a disruption 
of intended data collection or research goals. This can be a point of confusion in agricultural produc-
tion systems when an adverse event occurs in the course of routine agricultural animal management and 
not on a research protocol. Whether the animals are on protocol or not, any unexpected adverse event 
should be reported with expediency (NRC 2011; Queensland Government, Department of Agriculture 
and Fisheries 2016).

Training

Training is a fundamental requirement that is mandated to ensure animal care workers are qualified for 
the tasks they perform. This is emphasized in all the guidance documents for agricultural and biomedi-
cal research, teaching, and testing. Training for agricultural species and work in agricultural settings 
requires nuanced topics due to the complexity and scope of typical farm operations.

The categories of training are similar to those for other laboratory animal care workers, which include 
training for species-specific clinically healthy appearance and behaviors, SOPs (e.g., for all aspects of 
farm operations, equipment maintenance, and husbandry), IACUC and regulatory expectations, environ-
mental health and safety, and occupational health and safety.
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Agricultural facilities are unique in their type, size, amount, and variety of animal housing; feeds and 
storage; manure handling and storage; equipment; noise; and dust. Within each broad training category 
listed above, there may be more specific training requirements based on the variety of activities in agri-
cultural operations. For example, occupational health and safety training could include back safety train-
ing for lifting, confined space training for manure pits and grain bins, fall protection training for silos, 
hand and portable power tool training for workshops, heat stress training, ladder safety training, lockout 
and tag-out training for the servicing and maintenance of machines and equipment, nonregulated vehicle 
(utility vehicle and skid steer) training, hearing conservation programs and testing, respirator use and fit 
test training, right-to-know training for hazardous materials, and tractor safety training and performance 
evaluation. A thorough professional risk assessment will help establish what training is needed for work-
ing with agricultural species in specific facility settings.

IACUC Membership Should Include Individuals 
with Agricultural Background and Training

In the United States, blending of projects that use agricultural species for biomedical use necessitates that 
both the Ag and NRC Guides (FASS 2010; NRC 2011) are incorporated and that the IACUC ultimately 
concurs with the expectations for the care, housing, husbandry, and facilities for the animals. Enrolling 
agricultural species specialists, animal science experts, and large animal and food animal veterinarians 
into the membership of the IACUC is the best practice for enhancing the discussion and critical conver-
sations necessary to provide training and education on species-specific needs and nonresearch areas, 
like behavior, husbandry, and standards of large animal veterinary practice. The advantage to a single 
institutional animal oversight committee is that the established guidelines and policies will apply across 
academic lines in an “unbiased” manner, compared with another scenario where two distinct commit-
tees review agricultural and biomedical work separately (Curtis 1994; Tillman 1994).

An institution that uses agricultural animals in research, teaching, and testing should have a consti-
tuted IACUC that includes members with agricultural expertise. These members will be able to assess 
and monitor agricultural animal care and use compared with more traditional laboratory animal (e.g., 
mouse and rat) care and use. Within the IACUC, one person may fulfill more than a single dedicated 
role. For agricultural animal research, teaching, and testing, the IACUC should include a scientist who 
has experience in agricultural research or teaching involving agricultural animals; an animal, dairy, 
or poultry scientist who has training and experience in the management of agricultural animals; and a 
veterinarian who has training and experience in agricultural animal medicine and who is licensed or 
eligible to be licensed to practice veterinary medicine (FASS 2010).

Public Health Service Assurance Statement for the Institution

In order to receive PHS funding, the federal Office of Laboratory Animal Welfare (OLAW) must first 
review and approve an institution’s Animal Welfare Assurance document. This document describes how 
the institution will comply with the PHS Policy on Humane Care and Use of Laboratory Animals (OLAW 
2015). How the institution’s Animal Welfare Assurance statement is written and approved will determine 
the level of regulatory oversight and reporting, as well as which guidelines (NRC Guide or Ag Guide) must 
be applied for agricultural animal research and teaching versus biomedical animal research and teaching. 
As mentioned previously, under the AWA, the law specifically excludes the following agricultural animals: 
horses not used for research purposes, and other farm animals, such as, but not limited to, livestock or poul-
try used or intended for use as food or fiber, or livestock or poultry used or intended for use for improving 
animal nutrition, breeding, management, or production efficiency, or for improving the quality of food or 
fiber.

If an institution writes its Animal Welfare Assurance document for all live vertebrate animals, then 
all animals come under the NRC Guide and its attending oversight and reporting requirements. If the 
Animal Welfare Assurance document is written only for PHS or NSF-funded vertebrates, then only ani-
mals used in biomedical research, teaching, or testing will fall under the NRC Guide and its oversight 
and reporting requirements (Smith 2011).
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Administrative Commitments to Agricultural Animal Research

Administrative commitments to academic agricultural animal research programs may be confounded by 
individual programs or departments in an academic setting, or even by virtue of which external sources 
of funding (if any) are available to support facilities. As an example, institutions may have differing 
expectations for care of animals in agricultural farm settings when compared with how the same species 
would be housed indoors for biomedical or surgical models of human disease; these differences will 
arise almost entirely due to the planned research objectives. The distinction is not insignificant, nor does 
it indicate that there is a failure of one level of oversight compared with another. In fact, the Ag Guide 
specifically addresses that activities for agricultural research should be appreciated for what they con-
tribute to agricultural research and teaching, without the level of prescription that is entailed in the NRC 
Guide. The fact that agricultural animals used for agricultural research are not covered by the AWA can 
inherently set up a schism between the oversight expectations at a particular institution. Ultimately, there 
are certain practices (i.e., confinement housing) that, while common in animal agriculture, would not be 
permitted under the NRC Guide. Despite differences in practices, support for the ultimate research goals 
is essential and will functionally elevate animal welfare and data outcomes.

Recruiting New Biomedical Animal Users Who Use Agricultural Species

It is advised that the AV and nonveterinary facility and support staff be kept informed of planned initia-
tives for biomedical/agricultural research at the institution. At approximately the second return visit for a 
prospective research hire, determining the hire’s animal needs, numbers, and research goals will be very 
helpful for planning their space and regulatory needs. Start-up packages with research funding, equip-
ment needs, and other affiliated bonuses should attempt to accurately represent the location for animal 
housing and available institutional resources.

If agricultural animals are to be housed in novel settings (e.g., sheep for surgical biomedical research 
at an institution that has previously not housed agricultural animals indoors), critical discussions about 
surgical suite expectations, facility requirements, and applicable biosecurity procedures should happen 
early in the recruitment phase. Ideally, these discussions should involve the veterinary staff, architects, 
contractors, and facility and planning personnel from central administration, along with the research 
group that is hoping to establish their new program. There can be a considerable cost to renovations or 
new construction for enabling agricultural facilities to meet biomedical standards; therefore, identifica-
tion of funding for such renovations and equipment needs (hydraulic tables, stainless steel caging, social 
housing space, etc.) should occur prior to hiring of new researchers.

Summary

This chapter has undertaken the topic of managing agricultural species (dairy, swine, sheep, horse, and poul-
try) for a multitude of research, teaching, or production purposes. While the background for the provided 
guidance is based on U.S. perspectives, topics of animal health, welfare, housing, enrichment, and care are 
applicable globally. A distinction between whether work is agricultural or biomedical in scope is critical for 
the application of appropriate policies and expectations for the animal environment. Frequent communication 
among stakeholders in the animal work (investigators, IACUC, and veterinary professionals) will assist with 
planning and preparedness for optimal facility, housing, and agricultural animal care needs.
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Introduction

This chapter provides the reader with a detailed overview of the basic requirements for housing aquatic 
animals used in research. The treatment of this subject in the chapter spans from the microenvironment 
(critical parameters of water quality and how various aquaculture systems and aquatic enclosures are 
designed and maintain this) to the macroenvironment (facility design and system functionality).

As is the case for any species of laboratory animal, whether aquatic or terrestrial, the overarching 
goal of housing is to provide appropriate living conditions that maintain environmental parameters 
within a range that promotes maximum welfare. It is also critical to consider that the conditions expe-
rienced by research animals are, in essence, the most basic component of the experiments in which 
they are utilized. Therefore, housing should promote stability and definition of the environment such 
that the myriad physical variables that may impact the animal are controlled and known. Not only is 
this approach the most ethical course of action, but it also promotes science of the highest quality and 
reproducibility.

At the same time, regulatory oversight governing the use of aquatic animals is becoming more strin-
gent. Both in Europe and the United States, the most recent versions of the primary regulatory docu-
ments followed by laboratory animal programs, the European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific Purposes (ETS 123), European Directive 2010/63/
EU, and the Guide for the Care and Use of Laboratory Animals, now contain specific information 
related to the care and use of aquatic species (COE 1991; European Union 2010; Institute of Laboratory 
Animal Research 2011; Short Guide 2014). This development, which has been mirrored elsewhere in the 
world (Perry 2013), compels veterinarians, facility managers, and researchers to increase their under-
standing of the multitude of variables that impact the care and use of aquatic species, none of which are 
more elemental than the environment in which they are maintained.

The Microenvironment

The central component of the microenvironment of an aquatic animal is water. The aqueous environ-
ment has numerous features, both physical and chemical in nature. These parameters interact with each 
other and the organisms that reside within it (both target and incidental) to form a dynamic setting that 
requires frequent control and monitoring to ensure that the conditions are maintained within a favorable 
range to support life. This landscape may be collectively referred to as water quality, and is central to the 
entire concept of housing aquatic animals. The following sections describe the physical and chemical 
components of water quality most critical in aquatic animal housing environments.

Physical Parameters

Temperature

Temperature exerts profound effects on aquatic animals, as well as on the biological and chemical pro-
cesses that define their environments. Species that cannot maintain thermal homeostasis, poikilotherms 
(i.e., those that have a body temperature that varies with their surroundings) in particular, display varying 
degrees of tolerance to changes in temperature, as well as a more narrow optimum range in which they 
perform best (Kelsch and Neill 1990).

Temperature influences virtually every facet of the biology of a given aquatic species: activity, feeding, 
behavior, growth, and reproduction, to name a few. In addition, it is critical to consider that the nontarget 
organisms residing within aquatic systems, such as microbes, will also have varying temperature toler-
ances. This may impact the virulence of certain pathogens (Frans et al. 2011), as well as the efficiency of 
nitrifying bacteria in biological filters (Masser et al. 1999).

Temperature also impacts water chemistry in various ways. For example, temperature influences 
the  level of dissolved gases in solution. In general, the solubility of gases increases as temperature 
decreases. It also plays a role in determining the relative toxicity of total ammonia nitrogen (TAN) in 
water; as temperature increases, so too does the fraction of ammonia that is toxic to aquatic animals 
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(Timmons et al. 2002). This means there is generally a greater risk of ammonia poisoning in warm water 
systems than in cold water systems.

Chemical Parameters

pH

The pH of an aqueous solution is determined by the relative concentration of acids and bases within it. 
One of the major goals of water quality management in aquatic animal housing is to maintain the water 
within a pH range that supports both the health of the animals and the functionality of the system itself. 
This is no simple proposition, since a number of processes, including animal metabolism and the break-
down of organic wastes in the water, all tend to drive the pH of the water downward. If the water is not 
buffered, the pH will typically first drop below the threshold required for biological filtration (see the 
“Chemical Parameters” section), resulting in an ammonia spike that will then pose a direct threat to the 
lives of the animals housed within. Accordingly, bases must be added to the water to offset the produc-
tion of acids. This can be achieved via manual addition of buffers, usually sodium bicarbonate, to the 
system. Systems with automated pH monitoring and control options measure the pH continuously via 
in-line probes, and can be programmed to automatically dose the system with sodium bicarbonate solu-
tion when the pH level drops below a predetermined set point. When this happens, the system is dosed 
until the pH moves back above this target. At that point, the dosing stops and the system resumes normal 
operation until values drop below set points again.

Alkalinity

Alkalinity is the measurement of all bases present in an aqueous solution. In practice, alkalinity can be 
thought of as the buffering capacity of the solution; the higher the alkalinity, the more resistant it is to 
changes in pH. Conversely, solutions with low alkalinity values are highly susceptible to swings in pH. 
The most important components of alkalinity, which is expressed in milligrams per liter of CaCO3, are 
carbonate CO3

2−( ) and bicarbonate HCO3
−( ) ions. A number of biological processes, including animal 

respiration and decomposition, tend to produce acids and drive pH values down in aquatic housing sys-
tems. The alkalinity of the water determines the extent to which the pH will actually move as a result of 
these factors. In general, it is advisable to maintain alkalinity values within the range of 50–150 mg/L 
CaCO3 for fish (Wurts 2002) and frogs (Delpire et al. 2011). Requirements are likely to be similar for 
any aquatic animal. Waters with alkalinity values of less than 20 mg/L are considered unacceptably low 
and are inherently unstable (Wurts 2002). Alkalinity is also crucially important for efficient biological 
filtration (see below), as the microbial communities that metabolize (and therefore detoxify) nitrogenous 
wastes within aquatic housing systems require the bicarbonate portion of alkalinity for survival and 
growth (Yanong 2003b). When alkalinity is low, these bacteria may become stressed to the extent that 
they do not perform their function adequately, which may result in a rise in ammonia and/or nitrite that 
would compromise the health of the animals residing within the system.

Alkalinity is very much a dynamic value in that it will be impacted by the biomass of a given aquatic 
system. The more intensive the system is (higher stocking densities, elevated feed inputs, etc.), the greater 
the demand will be for alkalinity, and the faster it will become “used up.” To combat this, a buffering 
agent must be regularly added to the water to maintain alkalinity. In systems with higher loads, this will 
have to happen more frequently. The most commonly used and readily available buffers are sodium 
bicarbonate (baking soda) and, to a lesser extent, crystalized forms of calcium carbonate, such as lime-
stone, dolomite, or crushed coral.

Hardness

Water hardness measures the quantity of divalent ions, primarily calcium and magnesium, and, to lesser 
extent, iron and selenium, in water (Wurts 2002). Aquatic animals require these ions to support various 
processes, including ossification, muscle contraction, blood clotting, and osmoregulation, and for the 
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activation of several key enzymes (Hossain and Yoshimatsu 2014). Hardness also may influence the 
pathology of certain diseases (CCAC 2005). Captive aquatic animals must be provided these minerals 
in the water and/or the diet.

Hardness is measured in units of CaCO3, and can be measured by simple, readily available reagent test 
kits or, more accurately, by mass spectrometry. Water sources will vary in their hardness levels. When 
purified water sources, deionized or reverse osmosis (RO), are utilized as a source for aquatic animals 
(especially common in the laboratory environment), the water will contain minimal hardness, even after 
synthetic salts have been added back to them. It is possible to raise the hardness of the water by directly 
adding calcium and magnesium salts to the water, or by passing the water through beds or reactors of 
crystalized forms of CaCO3 noted previously (Harper and Lawrence 2010).

Salinity

Salinity reflects the total concentration of all dissolved ions in water, and exerts a profound influence on 
animals residing within it. Aquatic animals living in freshwater are hyperosmotic to their environment, 
and thus tend to gain water and lose salts by diffusion across the skin and the gills in larval forms of 
amphibians and fish, and across the skin in adult amphibians. Consequently, they must maintain their 
internal water and salt balance by voiding copious amounts of dilute urine while actively transporting 
ions back into the blood via chloride cells on the gill epithelium or skin. Freshwater fish rarely, if ever, 
drink. Freshwater amphibians do not drink, and instead are able to obtain water through a specialized 
region in their skin called the ventral pelvic area. Aquatic animals living in salt water have the reverse 
problem; they are hypoosmotic to their environment, meaning that they tend to lose water and gain salts 
across permeable membranes. To maintain osmotic balance, marine fish drink copious amounts of water 
and actively excrete excess salts via chloride cells in the gills. Saltwater reptiles (turtles, snakes, croco-
diles, etc.) have salt glands that perform the same function. Saltwater animals, especially fish, produce 
very small amounts of urine to help conserve water.

There is an energetic cost to osmoregulation that varies with the salinity of the external medium, and 
all aquatic species exhibit a preferred level of salinity where this cost is lowest. Maintaining animals 
above or below this optimum is possible (the degree to which depends on the particular species), but 
because the organism must expend more energy in doing so, it can impact growth, survival, and repro-
duction in a negative fashion.

Nitrogenous Wastes

The primary waste product of aquatic animal (fish, aquatic turtles, aquatic reptiles, and aquatic amphib-
ians) metabolism is ammonia, which is also produced during the decomposition of decaying organic 
matter. Ammonia is toxic to aquatic animals, but these animals are able to excrete nitrogen in the form 
of ammonia into the external aqueous environment because doing so dilutes it to nontoxic levels within 
the body.

This mechanism presents a challenge as it relates to managing aquatic animals in laboratory environ-
ments because the dilution effect that renders ammonia levels harmless in the wild is less effective in 
the smaller water volumes typical of artificial or captive settings. In these scenarios, ammonia levels 
become an item of critical concern due to the greater potential of accumulation within these systems. 
Two forms of ammonia exist in equilibrium aquatic systems, ammonia (NH3) and ammonium NH4

+( ), 
the sum of which is referred to as TAN. The ratio of the highly toxic NH3 (“un-ionized ammonia”) to 
the nontoxic ammonium NH4

+ (“ionized ammonia”) increases with pH and temperature and, to a lesser 
extent, decreases as salinities are increased. Levels of NH3 in excess of 0.02 mg/L are generally toxic 
to aquatic animals, and therefore must be eliminated from housing situations, as the levels of NH3 will 
rapidly accumulate in closed systems. In recirculating aquaculture systems (RASs), ammonia is removed 
by nitrifying bacterial species that oxidize NH3/NH4 into nitrite (NO2) and then nitrate (NO3). The inter-
mediate product of this conversion, nitrite, is also toxic, and can be problematic in freshwater systems 
at concentrations in excess of 1 ppm (Wheaton 2002). The final product of the oxidization process, 
nitrate, is relatively nontoxic to aquatic organisms. Most species of fish will tolerate up to 1000 mg/L 
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(Wheaton 2002), although perhaps a more conservative target would be 200 mg/L, a level shown to be 
toxic in zebrafish (Learmonth and Carvalho 2015). In RASs, nitrate levels can be controlled by regular 
exchange of a percentage of water that results in the maintenance of nitrate levels at or below the desired 
target value, or by absorption via the use of nitrogen-fixing plants. Ammonia, nitrite, and nitrate can all 
be removed by simply flushing the system, which is a hallmark of flow-through aquaculture configura-
tions. These approaches for nitrogenous waste management will be expanded on in a subsequent section 
of the chapter.

Amphibians, aquatic reptiles, and some species of fish (sharks, rays, skates, and lungfish) also have 
the ability to excrete nitrogen as urea, which is much less toxic than ammonia. In amphibians and rep-
tiles (and in lungfish), this occurs when the animals are out of water (Chew et al. 2003; Walls 2008; 
Rasmussen et al. 2011).

Dissolved O2

Dissolved oxygen is a critical environmental parameter in aquaculture. Aquatic animals require oxygen 
for respiration, and the demand for this depends on a number of factors, most notably body size, feeding 
rate, activity levels, and temperature. The availability of dissolved oxygen in the water is determined by 
water temperature, salinity, and biological demand.

While the culture requirements for dissolved oxygen will vary greatly by species in accordance 
with their natural history, the safest management strategy is that levels should be maintained at or just 
under saturation to ensure continued health of the target animal. For informational purposes, the rec-
ommended minimum dissolved oxygen level for warm water fish is 4 mg/L (Wedemeyer 1996), while 
the minimum required for biological filtration is 2 mg/L (Wheaton 2002). Gas supersaturation occurs 
when the total pressure of gases dissolved in water is higher than the atmospheric pressure. This can 
occur when water temperature is rapidly increased, when water is pumped to the surface from deep 
wells, when leaky or cracked pipes suck air under pressure, when pumps cavitate, or when water enters 
a plunge pool and air is forced into solution via pressure (Weitkamp and Katz 2012). This situation can 
cause acute, subacute, or chronic mortality in aquatic animals exposed to this water, depending on the 
level of gas supersaturation.

CO2

Carbon dioxide (CO2) is produced in aquatic systems by the respiration of animals, by the photosynthesis 
of plants and phytoplankton, and during the breakdown of organic matter (Harper and Lawrence 2010). 
As with ammonia, challenges arise in closed aquatic systems as a result of accumulation of CO2 due to 
high organic loads in reduced volumes. Levels below 20 mg/L free CO2 are generally recommended for 
cultures of fish in RASs (Swann 1997). In these environments, excess CO2 is removed by aeration or 
“off-gassing” (any process that increases air–water contact).

Water Treatment

Pretreatment

The source of the water used to house aquatic animals is of paramount importance. To put it simply, it 
must be safe and clean. The safety of the water source is most directly centered around contaminants, 
both chemical and biological. Chemical contaminants are any compounds that have the potential to be 
toxic to the target animal. Heavy metals, such as copper, lead, and zinc, are toxic to aquatic animals. 
So too are pesticides and herbicides that may at times be present in source water. Both types must be 
removed from the source water prior to its entry into housing systems (Yanong 2003a; Kent et al. 2012). 
Many municipalities will also treat their water supplies with chemical disinfecting agents, such as chlo-
rines and/or chloramines, both of which can be highly toxic to aquatic species (Yanong 2003a; Kent et 
al. 2012). For these reasons, water sources should be tested prior to use in aquatic housing systems by a 
qualified water-testing laboratory and periodically thereafter.
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Depending on the results of these analyses, different measures may be taken to remove problem com-
pounds. In many cases, the source water can be treated by passing it through a bed of activated car-
bon, which will remove organic contaminants, particularly chlorines and to a lesser extent chloramines 
(Harper and Lawrence 2010). Water purification processes, like RO filtration or distillation (DI) will 
remove heavy metals, pesticides, and other dissolved solids from the water. When RO or DI is used to 
treat source water, it may be necessary to add specific minerals back to the water to “condition” it prior to 
its use in housing systems. This is typically done using commercial aquarium salt mixtures. When using 
the latter, it may be important to determine the profile of cations and anions in artificial seawater prior to 
use in marine facilities. Seawater composition can be an important determinant of fish health (Grguric 
et al. 1999). Some of the ions that are commonly quantified (in more comprehensive tests, usually by ion 
chromatography) include the cations sodium, magnesium, calcium, potassium, strontium, and lithium, 
and the anions chloride, sulfate, bromide, fluoride, and phosphate, as well as nitrate or nitrite. Typically, 
testing is done prior to first use of a new seawater formulation or when problems arise (e.g., fish health 
issues). Some facilities go so far as to assay every new batch of artificial salt water, but this level of testing 
is more common with aquariums and public exhibits than in research facilities.

Water sources may also contain biological or microbial contaminants. Bacteria, fungi, algae, protozoa, 
and viruses may all be found in some water supplies, and could pose a threat to the health of the target 
animals within the housing systems. Ultraviolet (UV) disinfection is an effective means to eliminate 
many microbial contaminants from the water (Summerfelt 2003). Ozone may also be used, either inde-
pendently or in concert with UV, to reduce microbial burdens in water (Summerfelt 2003) When neces-
sary, more advanced pretreatment systems will include measures for removing both chemical (activated 
carbon and RO) and microbial (UV and ozone) contaminants prior to use in housing systems. In all 
cases, source water should be regularly tested to ensure that the right strategies are in place to make it 
safe to use for aquatic animals.

Treatment within Aquatic Housing Systems

Once water is delivered to the housing system enclosures (e.g., tanks), there is an entirely new level of 
treatment that must take place. The primary concern is with solid (feces and uneaten feed) and chemi-
cal (ammonia) wastes produced by the animals residing within the system. Fish and aquatic life stages 
and species of amphibians and reptiles excrete these products directly into their external environment. 
If these toxic products are not removed from the water, the ability of the housing system to support life 
will effectively be nil. Therefore, their success will be defined by its ability to keep the levels of these 
waste products at a minimum.

Solids Removal

Organic solids are generated by fish and amphibian excreta and feed residue, and are the primary pol-
lutants that need to be removed from the water prior to discharge into the environment or biological 
filtration in RASs (Cripps and Bergheim 2000). These substances will increase oxygen demand and 
ammonia production, and can harbor potentially pathogenic microorganisms. The three types of waste 
solids found in aquatic housing systems are settleable, suspended, and fine or dissolved solids (Masser et 
al. 1999). Settleable solids are those that will drop out of the water column. Suspended solids are those 
that are carried by the water column and do not settle. Fine or dissolved solids become incorporated or 
bound to water molecules and are not removed by filtration alone.

There are various mechanisms utilized to remove solids from aquatic housing systems. The simplest 
element of this may be incorporated into tank design and operation itself; the shape of the tank and flow 
of water into it can facilitate “automatic” removal of solids. For example, housing systems typically used 
for zebrafish and other small-bodied fish will incorporate sloped tank bottoms and a tank baffle and/or 
suction mechanism driven by flow into the tank from above to move solids along the bottom of the tank 
up behind the baffle and out into effluent gutters (Lawrence and Mason 2012). Tanks for larger species, 
such as trout, tilapia, bass, and minnows, may also be designed to function in a similar manner (Wheaton 
2002). Once solids are removed from housing, they will subsequently be removed from the water by 
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one of several means. The simplest is via gravity, where solids are allowed to fall out of suspension in 
a “settling basin,” where they can be collected and subsequently removed. Solids may also be captured 
by filtration; wastewater is pumped through a media that traps the particles suspended within it and 
allows water to flow through. Examples of this would be sand filters, rotating drums, or bead filter units 
(Figure 24.1). Trapped particles are then periodically backwashed and sent to a drain (Lawrence and 
Mason 2012). Solids may also be fractionated out; vigorous aeration will be used to produce air bubbles 
that will trap solids that can be later removed.

Chemical Removal

There are three different types of aquaculture systems, all of which are defined by the mechanism they 
employ to remove chemical waste products (primarily ammonia) from water: static, flow-through, and 
recirculating systems (Figure 24.2).

Static Systems

Static aquaculture systems rely on the same principles as flow-through aquaculture; the primary differ-
ence is the duration between or frequency of flushing events. Depending on the species and application, 

(a) (b)

FIGURE 24.1 Solids filters for aquaculture. (a) Backwashing sand filter. (b) Rotating drum filter.

A.

Recirculating

Flow-through

Static

(a)

(b)

(c)

FIGURE 24.2 (See color insert.) Three primary modes of aquaculture. (a) Static. Water is exchanged periodically. 
(b) Flow-through. Water flows in a unidirectional flow, removing wastes. (c) Recirculating. Clean water flows into tanks, 
and effluent flows out and is treated to remove wastes before flowing back into tanks.
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it may be days or even weeks between water changes. This is often necessary for species adapted to liv-
ing in stagnant environments (e.g., Kryptolebias marmoratus [Mourabit et al. 2011]). These systems may 
or may not have plumbing and pumps to automatically deliver and drain water; some will require that 
water changes be done manually.

Flow-Through Systems

In flow-through aquaculture systems, ammonia is removed by flushing; essentially, the flow of water into 
and out of housing tanks is unidirectional. Clean water flows (is pumped) in, and effluent water (made 
“dirty” by the animals living within it) flows out. This exchange, which can be continuous, periodic 
(pulsed), or timed, serves to keep the levels of TAN in the system at or near zero.

Recirculating Systems

In RASs, which are commonly employed for small research fish like zebrafish and medaka, as well as 
for larger-bodied aquaculture species where discharge of wastewater to the environment needs to be lim-
ited, ammonia is removed by nitrifying bacterial species that oxidize ammonia to nitrite and then nitrate 
in a process referred to as biological filtration or biofiltration. These microbes, which are ubiquitous in 
air, soil, and water, naturally colonize and grow on the surface of all substrates within aquatic housing 
systems.

During normal operation of the RAS, effluent water is removed from housing tanks and is sent to a 
treatment zone within the system that contains a specially designed substrate with a high surface area, 
known as the biological filter, upon which very high concentrations of these nitrifying bacteria attach 
and grow. As the effluent water (containing ammonia) passes through this biological filter, certain spe-
cies of bacteria (e.g., Nitrosomonas spp., Nitrobacter spp., and Nitrospira spp.) living on the filter oxidize 
the ammonia in the water to nitrite and then finally nitrate (Wheaton 2002). Nitrates, which are toxic to 
fish in only very high concentrations, can be controlled through removal by regular water changes or by 
the use of nitrogen-fixing plants.

The efficiency with which the bacteria operate is highly dependent on a number of chemical and 
physical parameters, especially alkalinity and dissolved oxygen, and to a lesser extent on salinity and 
temperature. Thus, biofiltration components of water treatment zones are designed to maximize gas 
exchange (high rates of aeration) in order to maximally support the health of the bacteria. Alkalinity is 
maintained in the system by addition of sodium bicarbonate (see earlier in chapter). Reductions in either 
of these parameters will negatively impact the biofilter and compromise the system’s ability to support 
life (Lawrence and Mason 2012).

Disinfection

Any aquatic housing system will necessarily also support a diverse fauna of microorganisms, includ-
ing bacteria, viruses, protozoa, algae, and fungi. For the most part, this is unavoidable, except in 
situations where great care is taken to ensure gnotobiotic conditions (Rawls et al. 2004). The problem 
presented by this natural phenomenon is that in a closed or small aquatic housing system, some of 
these organisms (e.g., pathogens) might accumulate to levels that could be harmful to the animals in 
the system. The situation is significantly exacerbated in recirculating systems. To keep the populations 
of these organisms in check, many aquaculture systems will incorporate a means of disinfecting water, 
either before it gets to animals in flow-through or static situations, or within the water treatment loop 
of RASs (Lawrence and Mason 2012). In RASs, the effluent water would be passed through a disinfec-
tion unit of some configuration, subsequent to solids removal and biological filtration. It is important 
to consider that whatever the method used, true sterilization is not achieved; rather, it is more accurate 
to define the goal of this level of treatment as a reduction in the microbial load of a given housing 
system.

UV disinfection is the most frequently applied method of disinfection in aquatic housing systems. 
In these units, water is passed through a tube (usually nested in stainless steel or polyvinyl chloride 
[PVC]) that contains a special light bulb, housed within a quartz sleeve to maximize transmittance, that 
emits light in the ultraviolet C (UVC) range to damage the DNA of organisms suspended within the 
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water column, rendering them noninfectious or inactive (Harper and Lawrence 2010) (Figure 24.3). The 
effectiveness of UV disinfection units is determined by a number of factors, including the wattage of the 
lamp (intensity), the ability of the UV light to penetrate the water sample (transmittance), the length of 
time the water sample is exposed to the light (contact time), and the size and biological complexity of the 
organism targeted (Yanong 2003b). These units must be serviced regularly to ensure optimal operation; 
of particular importance is the cleanliness and clarity of the quartz sleeve and life of the bulb.

Another method of water disinfection in aquaculture is ozone, although this is less commonly 
employed in research facilities, mostly because of human and animal safety concerns. Ozone (O3) is an 
extremely reactive oxidant and, when used correctly, is very effective at eliminating bacteria and viruses 
(Summerfelt 2003). The most commonly used ozone system in aquatic animal housing is called a corona 
discharge generator, which produces ozone by generating a high-voltage spark that splits divalent oxygen 
into valent oxygen atoms that quickly bond to available oxygen molecules to form ozone (Summerfelt 
2003). Like UV, its efficacy is impacted by contact time with the water, as well as the maintenance of 
adequate concentrations of the molecules in the water.

Water Quality Testing, Monitoring, and Control

Water quality in aquatic housing systems must be monitored and managed to ensure that it remains 
within target ranges (Lawrence and Mason 2012). The most elemental part of water quality manage-
ment is regular testing of the parameters most critical for the species being maintained. Standard testing 
approaches should be developed for each species, based on their tolerance ranges.

There are a variety of testing methods that are readily available for common water quality parameters, 
discussed earlier in this chapter. Options range from the most simple, inexpensive, or rapid (test strips), to 
the more time-consuming and more accurate (colorimetric reagent kits), to the most accurate, expensive, 
and comprehensive equipment, such a spectrophotometer. For some parameters, handheld electronic 
meters are also an option.

In all cases, it is important to regularly cross-reference results with more than one testing method to 
ensure the highest accuracy of your results. It is also critical to make sure the chosen test kits are used 
before expiration dates, and are stored and handled properly. Meters and probes should also be serviced, 
calibrated, maintained, and replaced in accordance with manufacturer instructions and recommenda-
tions. Reliance on faulty testing methodology results is a recipe for disaster in any aquatic facility. In the 
case where probes are also automatically controlling a parameter (e.g., pH, salinity, and temperature or 
conductivity), it is especially critical to ensure that the equipment is working properly (Lawrence and 
Mason 2012).

FIGURE 24.3 UV sanitization. An example of a UV sanitizing unit for aquaculture.
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Testing and monitoring is only part of the water quality management equation. For each species and 
housing system, facility managers should develop an overall strategy that includes not only the regular 
testing and recording of key parameters, but also standard protocols that are to be followed in the event 
that values move out of the target range. These approaches should be developed for each species being 
maintained. In some cases, there may be different testing regimens required for different life stages, 
management applications, and/or experimental procedures.

Housing

Tanks and Enclosures

There are a wide variety of tank and enclosure types used to house aquatic animals. The physical fea-
tures of these enclosures that are most important for consideration include volume, shape, depth, and 
color (CCAC 2005), and each of these characteristics should be matched to the greatest possible extent 
with the natural history and behavior of the target species. It is also critical to consider that the selection 
of a tank or enclosure has the potential to influence the behavior of the animals, and that this may impact 
research endeavors. For example, it has been shown that the opacity of the housing tank in which zebra-
fish are maintained will influence their performance in standard behavioral tests, with animals being 
held in transparent tanks exhibiting a stronger depth preference than fish housed in opaque tanks (Blaser 
and Rosemberg 2012).

It is also important to consider the nature of support or bracing used to stabilize the tanks and enclo-
sures. Water is extremely heavy (~28 kg/ft3), as are some commonly used tank or enclosure materials 
(especially glass, fiberglass, and concrete), and so enclosures must be contained in a manner that will 
ensure that they do not fail or overwhelm the structural support of the room or space in which they are 
located. The seismic activity of the given geographic region should also be taken into account; in some 
regions with high seismic activity, specialized bracing is used to mitigate against movement, tipping, 
falling, or structural failure during earthquakes (Lawrence and Mason 2012).

Construction/Materials

Tanks and enclosures should be made of impervious, inert materials that are injection molded or sealed 
or joined in such a way that they contain no jagged or sharp edges that could injure the animals residing 
within. Suitable materials for tank or enclosure construction include glass, fiberglass, acrylic, concrete, 
or various plastics (polycarbonate, polysulfone, etc.). However, given the possibility that some plastics, 
such as polycarbonate, have the potential to leach small amounts of bisphenol A (BPA) over extended 
periods of use, it may be advisable to avoid these materials, especially if the animals are to be used in 
experiments where these compounds could unduly influence results (Lawrence and Mason 2012). BPA 
has been shown to be toxic to a wide variety of species at even relatively low concentrations (Lindholst et 
al. 2003; Duan et al. 2008; Chung et al. 2011; Saili et al. 2012; Tse et al. 2013). Special attention should 
also be paid to the nature of materials in plumbing, fixtures, and any sealants used in the construction 
of a housing system to ensure that they do not contain chemicals that pose a threat to the health of the 
animals. Corrosion of metallic components can become a significant problem in aquatic animal housing 
facilities. As such, care should be taken to ensure the proper selection of appropriate grades of stain-
less steel (e.g., 304, 316, or higher), the use of protective coatings (e.g., powder coat or epoxy paint), and 
regular cleaning to minimize the development of corrosion over time.

Maintenance and Sanitization

Tanks and enclosures should be cleaned on a regular basis to ensure the health of the animals living 
within them. The production of solid wastes, both from excreta and from uneaten feed and other biologi-
cal materials, must be dealt with at the level of the enclosure to ensure maintenance of good water qual-
ity. Tanks and enclosures should be constructed in such a way to facilitate the removal of these materials. 
For example, commercially produced tanks used to house zebrafish and other small-bodied fish and/or 
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amphibian species are often designed to be self-cleaning in this regard, by virtue of a baffle or siphoning 
apparatus that relies on an inflow of water into the tank to move solids along the bottom and up and out 
of the drain in the back of the tank, where they can be subsequently filtered from the water (Lawrence 
and Mason 2012). Many other tank designs incorporate circular flow patterns and conducive shapes 
(round, octagonal, hexagonal, and square with rounded corners) to promote the accumulation or settling 
of solids in the center bottom of the tank that can be removed manually by siphoning and/or placement of 
a perforated standpipe above an outflow drain (Masser et al. 1999). Any enclosure that does not possess 
continuous removal of solids will require regular siphoning of solids during water changes.

Tanks and enclosures housing aquatic animals will naturally accumulate biofilms, cyanobacteria, and 
algae over time. The rate at which these and other microorganisms colonize tank or enclosure surfaces 
will be accelerated by nutrient loading (more animals, feed, phosphates, etc.), flow rates of water in the 
tank, and lighting. There are two basic problems associated with this phenomenon. First, these micro-
organisms act as a “biological scaffold,” providing a substrate upon which numerous other microorgan-
isms will grow, some of which have the potential to be pathogenic to the resident animals being housed 
(Yanong et al. 2010). Second, if the growth of biofilms and algae or cyanobacteria becomes too excessive, 
it will limit the visibility of tanks, thereby making it more difficult for individuals to assess the health 
and well-being of target animals on a regular basis. Therefore, tanks and enclosures need to be regularly 
cleaned on an appropriate cycle to prevent this from happening. The frequency of cleaning will vary 
depending on several factors, including but not limited to tank or enclosure configuration and material 
type, stocking density, flow rate, effectiveness of solid or particulate matter removal, and feeding rate.

There are several different ways in which enclosures and tanks may be cleaned and sanitized. Cleaning 
tanks while animals are in them should generally be avoided, if at all possible, as materials liberated 
from the surface during scrubbing may pose a threat to the animals themselves. For example, it has 
been shown that the infection rates of Mycobacterium chelonae in zebrafish populations were higher 
when animals were not removed during tank cleaning (Murray et al. 2011). So when animals are held in 
smaller, more interchangeable housing units, the best approach may be a tank change (fish are moved to a 
new tank, and the old tank is cleaned and sanitized before reuse). In instances where enclosures are larger 
or more permanent in nature, the best option for cleaning may be to first remove the animals, followed 
by scrubbing, sanitization, and flushing of the tanks and enclosures before animals are reintroduced.

Sanitization of the tanks and enclosures can be done chemically, but this should be performed with cau-
tion. If detergents are used, it is advisable to use products that are free of surfactants to maximize safety 
and risibility to facilitate removal after product use. Bleach, hydrogen peroxide, and iodide-based products 
may also be used, but in all cases, it is critical to ensure that there are no residues of any of these agents 
remaining on the surfaces of the enclosures before animals are reintroduced. Heat (180°C) can also be 
used, either alone or in combination with chemical means. There are new commercial options available 
for cage washing small aquatic tanks that combine surfactant-free detergents with heat and high-pressure 
spraying with deionized water to sanitize tanks (Figure 24.4). Regardless of the cleaning and sanitization 
methods used, the methods should be verified on a regular basis and goals should be set for the degree of 
sanitization achieved via each cleaning and disinfection method (Garcia and Sanders 2011).

Environmental Enrichment

Although environmental enrichment techniques have been utilized extensively in the housing of mam-
malian laboratory animal species (Baumans 2005; Hutchinson et al. 2005), there is a general paucity of 
data concerning their application in the housing of fish and other aquatic animals (Williams et al. 2009). 
The reason for this has much to do with a limited knowledge of the natural history of many of these 
species. Furthermore, the presence of structural complexity in housing exerts profound effects on the 
physiology and behavior of animals (Brydges and Braithwaite 2009; Volpato 2009; Kistler et al. 2011; 
Lawrence 2011), and a limited understanding of these impacts has the potential to influence some stud-
ies in unexpected ways (Bayne 2005). Together, these two facts have limited the widespread adoption of 
these techniques for many laboratory aquatic animals.

Research on the most suitable applications is being actively conducted to address the information gap 
(Kistler et al. 2011; Wafer et al. 2015). However, environmental enrichment is employed on a limited 
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basis for some species (Williams et al. 2009), most commonly in the form of increasing structural com-
plexity (e.g., plastic plants and flower pots) within enclosures, the selection and configuration of which 
are highly dependent on the species in question, as well as the type of research in which they are being 
utilized (Williams et al. 2009). It should be noted that any enrichment product should be evaluated for 
safety (does not break apart or degrade, is smooth without sharp edges, does not leach toxic chemicals or 
agents into the water, cannot be consumed by the animal during exposure, etc.) prior to use, and it should 
be able to be sanitized by prescrubbing in combination with immersion in a disinfecting solution and/or 
cage washer, as with any other component of housing. Indeed, the fact that added structural complexity 
within holding tanks makes sanitization cumbersome is another factor that has further limited adoption 
of environmental enrichment, at least within the laboratory research community.

Macroenvironment

The Guide for the Care and Use of Laboratory Animals defines the macroenvironment as being 
“the  physical environment of the secondary enclosure (e.g., a room, a barn, or an outdoor habitat)” 

FIGURE 24.4 Tank sanitization. New tank washers are being developed specifically to safely sanitize aquatic housing tanks.
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(Institute of Laboratory Animal Research 2011). The following sections detail components of the mac-
roenvironment for aquatic animals.

Room Design

General Characteristics

Rooms or space used to house aquatic animals must adhere to a general standard of design that cen-
ters on the concept of water handling and containment. In short, aquatic facilities are inherently “wet” 
spaces, and the room or space should be designed to account for that reality.

Structural Requirements

As mentioned previously, the weight of water (~28 kg/ft3) should be accounted for in room design. The 
structural integrity of the underlying support of a space should be assessed prior to introduction of 
aquatic housing systems. In some cases, specialized bracing or support systems may be required to 
ensure that the load of a given aquatic operation can be properly supported.

Containment of water that is liberated from housing systems in the course of normal operation and 
maintenance or in the event of an accidental release or flood should also be accounted for in design. To 
this end, floor or trench drains are a critical component of any aquatic facility. These should be sited 
throughout a facility and be appropriately sized for the amount or volume of water to be discharged, and 
if at all possible, the floor should be sloped toward them to help contain water flowing on the floor within 
the room and to facilitate cleanup. If for some reason floor drains are not a possibility, adequate means 
for flood detection, for example, water detectors or physical barriers, should be included. For the reasons 
of structural integrity and water containment, in many instances, aquatic facilities are often situated in 
the basement or ground floors of buildings.

Electrical components and all outlets should be water sealed and ground fault interrupted (GFI). These 
should also be located outside the normal “splash zone” of any equipment or housing systems (CCAC 
2005). Pumps and motors may need to be raised above floor level to prevent damage from overflows and 
standing water on floors.

Maintenance and Sanitization

Aquatic facility rooms should be designed to facilitate both management and sanitization. Aquatic hous-
ing systems will necessarily contain various mechanical components (filters, pumps, and monitoring 
equipment) that will require routine servicing and occasional replacement and repair. When possible, 
these components should be sited within discrete, compartmentalized spaces within a larger aquatic 
space (i.e., a physical plant) that provides physical separation between them and the animals. This prac-
tice serves to reduce disturbance (noise, vibration, and heat produced during normal operation) and to 
ensure that maintenance and repairs can be made quickly and with minimal disturbance to the animals 
and ongoing work. If such compartmentalization is not achievable, the goal of design should still be to 
separate these processes from housing areas to the greatest extent possible.

Sanitization of the space itself is also critical. All flooring should be sealed and slip resistant. 
Countertops and fixtures should be made from materials that are resistant to corrosion. Walls and ceil-
ings should be made from or coated with materials that provide a measure of water resistance and resist 
damage from normal husbandry activities. Penetrations into the floor, walls, or ceiling should be sealed. 
All surfaces should be made to allow for thorough cleaning and disinfection.

Temperature

Temperature in aquatic rooms will exert profound effects on the microenvironment (discussed above), as 
well as on the well-being of the people working in the space. Although accepted room temperatures are 
generally around 73°F, with a relative humidity of 45%–55%, the relatively high volume of water present 
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in aquatic facilities will also necessarily increase humidity in the rooms, and this will be exacerbated 
when warm water or tropical species are being housed. Excess humidity will promote the growth of 
unwanted microorganisms (bacteria, mold, or fungi) on surfaces in a facility. To combat this, aquatic 
facilities should be well ventilated so that humidity is controlled. This will also serve to minimize aero-
sol transfer between tanks and throughout the facility, a phenomenon that has been shown to transmit 
some certain pathogens between tanks in aquaculture facilities (Roberts-Thomson et al. 2006). As with 
all physical parameters, the most appropriate humidity levels will vary with species; for example, den-
drobatid frogs and other amphibians may require elevated relative humidity in enclosures (de Vosjoli 
1999; St. Claire et al. 2005).

Lighting and Illumination

Light is another physical parameter that, like temperature, impacts numerous facets of the biology of a 
given species. There are three primary facets of illumination that are critical to consider relative to the 
housing of captive animals: photoperiod, intensity, and spectrum. In all cases, preferences will very much 
be species specific and reflective of natural history. In terms of photoperiod, regular day–light cycles are 
an important determinant of circadian rhythms, the abrupt alteration or absence of which will negatively 
affect growth, survival, immune function, and reproduction, across species (Sadoglu 1979; Delgado et al. 
1987; Bayarri et al. 2003; Leonardi and Klempau 2003; El-Sayed and Kawanna 2004; Almazán-Rueda et 
al. 2005; Ángeles Esteban et al. 2006; Valenzuela et al. 2012; Khattak et al. 2014). In some instances, par-
ticularly if the species being housed is crepuscular, it may be desirable to phase lighting on and off more 
gradually with programmable dimming switches (Lawrence 2011). Both the intensity and spectrum of 
lighting will exert major effects on the growth and development of a wide range of aquatic species (Boeuf 
and Le Bail 1999; Godinho et al. 2005; Villamizar et al. 2013). It should also be noted that illumination 
will influence nontarget organisms. For example, higher-intensity lighting will promote the growth of 
algae and cyanobacteria in aquatic housing systems (Koerber and Kalishman 2009).

Vibration

Many aquatic species, especially fish, are sensitive to noise and vibration, and in some cases, it may induce 
developmental problems (Vandenberg et al. 2012) and both acute and chronic stress (Smith 2004; Neo 
et al. 2015). Therefore, care should be taken in aquatic facilities to insulate the space from any potential 
sources of outside noise and vibration and to minimize these within the facility proper. More proximately, 
life-support-associated equipment—pumps, filters, and so forth—that produce noise and vibration should 
be sited to minimize their impact on housed animals. The best way to achieve this is to compartmentalize 
mechanical and housing space, but in instances where this is not possible, mechanical equipment should 
be located as far as possible from housing space. In particular, pumps and other vibrating components 
(such as air compressors) should be supported with sound- and vibration-dampening braces to minimize 
their impact. Noise arising from construction within or near aquatic facilities should be mitigated as well.

Additional Concerns

Isolation and Quarantine

As with any research animal, the management of aquatic animals in a facility requires strict pathogen 
control. A hallmark of health management concerns the oversight and control of incoming animals origi-
nating from outside sources. For most aquatic species, commercially available sources of certified or 
specific pathogen-free animals do not exist. Therefore, aquatic facilities should possess dedicated quar-
antine or isolation space and housing that allows animals to be brought in from the outside and isolated 
for a defined period of time before safely being introduced into the main housing area.
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The key to quarantine in aquatics facilities is separation. If at all possible, quarantine or isolation 
housing should be completely separate from the main population. Ideally, this separation should be 
complete; quarantine should be in its own room, complete with its own housing, equipment, sanitiza-
tion, and water treatment. Nothing should be shared with the main facility. This way, incoming animals 
may be received into this space, and housed there either until they pass a defined period of quarantine or 
until new animals can be safely derived from them as fertilized eggs or embryos that can be treated (i.e., 
surface disinfection [Sanders et al. 2012]) and/or screened for selected pathogens before introduction into 
the main population (Kent et al. 2011).

Sentinels and Health Monitoring

Another hallmark of health management in laboratory animal populations is the regular monitoring of 
existing populations and housing systems for the presence of pathogens (Lipman and Homberger 2003; 
Varga 2011; Willeberg 2012). Health monitoring programs for aquatic animals follow similar principles 
as other laboratory animals. In particular, the use of sentinel animals that are exposed to effluent water 
from an entire housing system or population (the equivalent of “dirty bedding” sentinels in rodent colo-
nies) can be an effective way to monitor the health status of a given room or population (Varga 2011). A 
growing number of commercially available fish housing systems now offer specifically designed sentinel 
systems to meet this growing demand (Lawrence and Mason 2012) (Figure 24.5).

FIGURE 24.5 Sentinel tanks. Specialized housing tanks called sentinel tanks are designed to expose animals to effluent 
water to detect pathogens in the system. In this example (white arrow), the tanks are mounted on a special, designated rack 
on a RAS.
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Feeding Systems

One of the primary advantages of some aquatic species, especially small-bodied species of fish like zebra-
fish or medaka, is their space efficiency, that is, the ability to house many thousands of animals in rela-
tively small amounts of space. This space efficiency comes at a cost, though, as the feeding of hundreds 
of small tanks requires a significant amount of labor and supplies (Lawrence et al. 2012). This is also a 
concern in large-scale aquaculture operations with large populations of fish or other aquatic species.

One solution to this problem is automated feeding systems. The most basic automatic feeding systems 
can be mounted on individual tanks or enclosures. There are also more sophisticated options, such as 
robot feeding systems that are mounted to aquarium racks and are capable of feeding hundreds or thou-
sands of tanks automatically (Lawrence and Mason 2012).

Breeding Systems

Many experimental applications in which aquatic animals are utilized are predicated on the produc-
tion of embryonic or larval forms for use in various experiments or assays. This is particularly the case 
for fish species like zebrafish. While it may be possible to spawn aquatic animals directly within their 
housing systems, it may be necessary in some instances to remove them for spawning. In these cases, 
specialized spawning chambers are utilized (Figure 24.6). Commercial vendors have met these needs by 
designing integrated breeding units within housing systems that allow for manipulations or controls over 
the reproduction of target species. The same sanitation, durability, and material toxicity concerns that 
apply to racks and tanks apply to breeding equipment as well.

Summary

Aquatic animals are playing an increasingly prominent role in basic and biomedical research, and this 
trend is expected to continue well into the next decade and beyond. The growth and utility of these 
model organisms is highly dependent on the maintenance of favorable, stable, and defined environmental 

FIGURE 24.6 Breeding systems. Specialized group breeding tanks (for zebrafish) are used to generate large quantities of 
embryos for experiments. Inset: Small breeding tank/insert used for individual pairs or small groups (<10) of fish.
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conditions in housing systems. While this is no different than it is for any animal model, terrestrial or 
otherwise, it is perhaps more challenging with fish, amphibians, and aquatic reptiles because of the 
nature of water and its properties as a universal solvent.

It is critical for managers, veterinarians, scientists, and technicians to possess a detailed understand-
ing of the physical, chemical, and mechanical complexities of aquatic housing systems. This knowledge 
must be coupled with data on the target species in order to develop physical infrastructure and manage-
ment strategies that promote the best possible welfare for these animals in laboratories. The information 
presented in this chapter provides readers with a comprehensive base from which to start and continue 
this process. Ultimately, these efforts will serve to allow aquatic models to fulfill their great promise and 
help to accelerate the pace of scientific discovery.
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25
Nontraditional Species

Dorcas P. O’Rourke, James D. Cox, and Diana P. Baumann

Introduction

Birds, reptiles, terrestrial amphibians, and invertebrates comprise a minority of species used in 
research, yet they appear with some regularity in animal facilities. The more commonly seen bird 
species include pigeons, chickens, ducks, finches, and parrots. Pigeons are typically used in psychol-
ogy research and behavioral experiments involving cognition and learning. Chickens, quail, and other 
poultry are studied extensively in agricultural production-based research, vaccine development, and 
developmental toxicology studies. Chickens and ducks are also important species for infectious disease 
research. Passerines (songbirds) such as zebra finches are used as models for neurobiology of vocal 
learning, effects of substance abuse on learning and memory, ecotoxicology, cognition, and behav-
ioral research (Bateson and Feenders 2010). Parrots, budgerigars, cockatiels, and related psittacine spe-
cies are used primarily in cognition and behavior studies, as well as pharmacology and avian disease 
research. Caring for these highly intelligent and behaviorally complex animals can be quite interesting 
and challenging (Kalmar et al. 2010).

Among reptile species, turtles and lizards are most frequently kept in research facilities. Turtles have 
been extensively used in physiology research and teaching, including investigations of hypoxia and 
freeze tolerance (Packard and Packard 2004; Overgaard et al. 2007). Lizards are subjects of behavioral, 
endocrine, physiology, reproductive, toxicology, and tail regeneration studies (Hutchins et al. 2014). The 
effects of toxicants and environmental pollutants have been studied in alligators, as well as the antimi-
crobial activity of alligator blood extracts (Merchant et al. 2006). Snakes are commonly kept in herpe-
tological teaching collections, used for venom research, and are studied in behavioral and physiological 
research (O’Rourke 2014). Snake venom has also been used to develop drugs for the treatment of hyper-
tension, thrombosis, and cancer (Koh and Kini 2012).

Leopard frogs are the most common semiaquatic amphibian species used in physiology research and 
teaching. Along with toads and salamanders, they are an animal model for environmental toxicology and 
endocrine disruptor studies. Fruit flies (Drosophila melanogaster) and the roundworm (Caenorhabditis 
elegans) have traditionally dominated the invertebrate research field, contributing to knowledge gained 
in many areas of genetic and developmental research.
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In addition to the aforementioned use as animal models, birds, reptiles, amphibians, and invertebrates 
are most commonly studied by biologists to better understand the natural history, ecology, behavior, and 
conservation of the animals themselves. While this work is frequently conducted in the field, it some-
times necessitates bringing wild-caught animals into the laboratory for holding and further research.

Regulatory Considerations

Regulatory considerations for nontraditional species differ somewhat from those for most laboratory ani-
mals. The Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) 
(https://www.cites.org/) is applicable to any of the approximately 5600 species of animals (or parts of ani-
mals, such as skin, feathers, tissues, etc.) that are identified in one of the CITES appendices as species whose 
survival is threatened by international trade. Importation or exportation of these animals requires special 
approvals and permits. The U.S. Fish and Wildlife Service (USFWS) (http://www.fws.gov/endangered/) 
is the U.S. agency responsible for issuing CITES permits. USFWS also issues scientific permits for work 
with exotic birds through the Wild Bird Conservation Act (http://www.fws.gov/international/laws-treaties 
-agreements/us-conservation-laws/wild-bird-conservation-act.html).

Native amphibians, reptiles, and birds that are classified as threatened or endangered in the United 
States are protected under the Endangered Species Act. Permits to work with these animals are issued 
by USFWS (land-based sea turtle activities are issued by the National Marine Fisheries Service). The 
USFWS also issues permits through the Bald and Golden Eagle Protection Act and Migratory Bird 
Treaty Act for research with applicable species.

Both the Public Health Service (PHS) and the National Science Foundation (NSF) require that insti-
tutions have a PHS assurance to receive funding (http://grants.nih.gov/grants/olaw/references/mou_nsf 
.htm). The Guide for the Care and Use of Laboratory Animals (Guide) (NRC 2011) provides specific 
recommendations on cage size and temperature requirements for chickens, quail, and pigeons. More 
detailed information related to the care and use of poultry in agricultural research settings is contained 
in the Guide for the Care and Use of Agricultural Animals in Research and Teaching (Ag Guide) 
(FASS 2010). Guidelines for research involving wild birds are published by the Ornithological Council 
(2010). Similarly, the American Society of Ichthyologists and Herpetologists (ASIH) has published the 
Guidelines for Use of Live Amphibians and Reptiles in Field and Laboratory Research (ASIH 2004). 
Appendix A of the European Convention for the Protection of Vertebrate Animals Used for Experimental 
and Other Scientific Purposes (ETS 123) (Council of Europe 2006) provides specific information for 
chickens, ducks, quail, pigeons, zebra finches, amphibians, and reptiles, as does the UFAW Handbook on 
the Care and Management of Laboratory and Other Research Animals (Hubrecht and Kirkwood 2010).

Invertebrates

More than 1.3 million species of invertebrates have been identified (Brusca and Brusca 2003), comprising 
more than 98% of all known animal species (Ruppert et al. 2004). Occupying over 30 phyla (Cooper 2011; 
Lewbart 2011), they offer a tremendous diversity, and their presence in the laboratory animal arena is on the 
rise (Figure 25.1). Studies on the fruit fly (D. melanogaster) and nematode (C. elegans) have contributed sig-
nificantly to research efforts, and these classical model species were chosen due to their amenability to labo-
ratory research and their suitability for studying a wide range of biological problems (Wilson-Sanders 2011). 
Indeed, much of our knowledge of genetics, development, physiology, ecology, and evolution comes from the 
study of invertebrates (Pechenik 2015). However, technologies continue to advance, providing exciting new 
approaches and allowing previously unanswerable questions to be explored. The time and cost to sequence 
genomes has dropped considerably, and current techniques allow selective altering of gene expression pat-
terns across a much wider variety of species. In particular, the emergence of next-generation sequencing 
(NGS) has opened a door of opportunities in contributing to unravelling the mysteries of the diversity of 
life. NGS is also known as high-throughput sequencing and describes a number of modern technologies that 
allow for faster, cheaper sequencing of DNA and RNA. The huge drop in cost has made it feasible to generate 
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reference-quality genome sequences for almost any species, providing new material for comparative analy-
sis studies. Additionally, sequencing allows examination of gene expression at an unprecedented depth, as 
well as mapping of transcription factor binding sites. Evolutionary developmental biology (evo-devo) is one 
example of a relatively new field of study that has taken off in a major way as a consequence of NGS.

Invertebrates recognized as emerging model organisms include animals as varied as snails, leeches, 
squid, butterflies, and crickets. Planarians, free-living flatworms, provide a powerful model for regen-
eration; ants provide a model for social organization and chemical communication; honeybees provide 
a model for learning memory and behavior; and comb jellies are furthering our understanding of evolu-
tion (Emerging Model Organisms, Volumes 1 and 2). Multiple species, including sea anemones and sea 
squirts, are used in comparative genomics to study the similarities and differences of evolutionary lin-
eages, allowing origin, change, and loss of genomic features to be mapped. Additionally, many diseases 
of humans and animals are caused by certain invertebrates, leading to another area of interest in the 
biomedical research field (Pechenik 2015).

Laws, regulations, and guidelines involved with invertebrate animal studies vary by country. In the 
United States, there are currently no regulations regarding work on invertebrates. Various countries, 
including Canada, Australia, and New Zealand, have included cephalopods (cuttlefish, squid, octopuses, 
and nautiluses) in their national codes of practice and legislation covering research (Smith et al. 2013; 
Harvey-Clark 2011). In the European Union, Directive 2010/63/EU, on the protection of animals used for 
scientific purposes, gives cephalopods the same European Union legal protection as vertebrates (Council 
of Europe 2010). Other regulations may also apply, particularly for at-risk, threatened, or endangered 
species. These include whether the animal is listed under the CITES agreement. If the animal is deter-
mined to be an invasive species, this can require significant housing containment preparations, including 
on-site inspections. State and local laws, along with permits required to obtain, transport, and house the 
animals, must all be investigated. Even for nonregulated species, a best practice of having the veterinar-
ian and the animal care and use committee oversee the work can provide significant contributions toward 
ensuring optimum animal welfare and results.

FIGURE 25.1 Housing system for Aplysia, a species commonly used in neuroscience research. (Photo by D.P. Baumann.)
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Sourcing invertebrates may take many avenues. The simplest cases involve animals specifically bred 
for research and/or commercial availability, such as various Drosophila stock centers or the University 
of Miami’s National Resource for Aplysia facility (Harvey-Clark 2011). It is also worth investigating 
whether other labs working on that particular species can spare some from their colony. Other options 
include obtaining animals through the pet trade, paying a local organization to collect them, or undertak-
ing wild capture. It is worthwhile spending time on species familiarization, and essential that proper and 
thorough training be provided to technicians who will actually be caring for the animals. Presentations 
on anatomy and natural history can assist with knowing what to expect in terms of husbandry and animal 
behavior. New species research may include consulting with zoos, other laboratories, natural history 
museums, aquariums, private breeders, and online pet forums, in addition to researching and reviewing 
the published literature.

Management of invertebrates in a laboratory setting will be totally dependent on the species. Being 
able to house a large colony in a relatively small space is advantageous in terms of costs, but the usual 
problems of monoculture exist on an elevated level. Close attention needs to be paid to housing and 
husbandry standards, methods of capture and restraint, quarantine, biosecurity, and food quality and 
variety. As with all species, good hygiene practices and careful documentation can prevent a multitude of 
problems (Cooper 2004). In situations where little is known about the natural history of that animal, trial and 
error may be necessary, and so sufficient animals should be procured to allow housing them in multiple set-
ups. Guidelines will need to be developed, covering capture, transport, handling, housing, care, maintenance, 
health monitoring, humane anesthesia, analgesia, and euthanasia. Given the vast diversity of invertebrates, 
specific details of housing, husbandry, and species survival are impractical for this chapter; however, the value 
of appropriate choices must be recognized (Frye 1992). The most current information should be used to assess 
environmental conditions, and monitoring should be in place to assess and maintain required parameters. 
Location should be selected to avoid noise and vibration, while providing a safe, secure facility. Additional 
measures may need to be put in place to provide containment appropriate for the species.

Knowledge of the animal’s life cycle and reproductive strategy is essential to colony maintenance.
Invertebrates exhibit a varied selection of patterns of reproduction (Brusca and Brusca 2003). Asexual 

mechanisms include fission and parthenogenesis, while sexual mechanisms include gonochoristic and 
hermaphroditic patterns, in addition to the ability to switch sex. Internal fertilization occurs with very 
few exceptions on land and in freshwater invertebrates, whereas external fertilization is much more 
common in the marine environment. Life spans are similarly varied, with some invertebrates living for 
many years, while others may live for less than a year. Within this existence, some invertebrates breed 
repeatedly and some only once in their lifetime (Olive 2002; Pechenik 2015).

Veterinary staff and caregivers will need to gain an understanding of normal behavior in the species 
to assess animal health. Both alterations in behavior and physical changes, such as lethargy, anorexia, 
lesions, and color changes, can indicate illness in invertebrates. A herd health approach is usually taken, 
and although some treatments exist, environmental review and even depopulation are often the neces-
sary courses of action in disease outbreak situations. In terms of health and safety of staff, zoonoses, 
although uncommon, do exist, and allergic reactions can also be issues. Invertebrate defense mecha-
nisms can provide challenges to animal handling, including urticating hairs, biting with mandibles, 
pinching, stinging, sharp spines, and emission of noxious substances. A variety of restraint devices and 
techniques assist with safe handling in these circumstances, particularly with venomous species. Other 
challenges of invertebrate colony management include animal identification (Figure 25.2), census track-
ing, and enrichment, which can take the form of social groupings, environmental complexity, and activi-
ties that allow species-typical behavior, such as catching live food.

Anesthesia is used to both immobilize animals for examination and perform procedures that have the 
potential to cause pain (Cooper 2001, 2011). Although the ability to feel pain remains a much debated 
topic (Elwood 2011), it has been shown that most invertebrates will respond to noxious stimuli (Lewbart 
2011; Horvath et al. 2013). The AVMA Guidelines for the Euthanasia of Animals (AVMA 2013) states, “A 
conservative and humane approach to the care of any creature is warranted, justifiable, and expected by 
society.” Methods of anesthesia and euthanasia chosen need to minimize or eliminate pain and distress, 
and will undoubtedly change over time as further research is carried out. Generalization of methods is 
not possible given the vast diversity of taxa; however, a two-step approach to euthanasia is generally 
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preferred, with a chemical method to induce terminal anesthesia, followed by a physical or chemical sec-
ond step to ensure death. For terrestrial species, inhalation anesthesia is commonplace, while immersion 
anesthesia is generally exercised for aquatic invertebrates (Lewbart 2011; AVMA 2013).

Birds (Songbirds, Pigeons, Chickens and Ducks, and Psittacines)

Class Aves is represented by more than 200 families of birds in approximately 40 orders. Within the 
families, species demonstrate remarkable physiological and behavioral adaptations to the wide vari-
ety of niches that they occupy. Commonly represented species in research environments include mem-
bers of the orders Columbiformes (pigeons and doves), Galliformes (chickens and quail), Anseriformes 
(ducks and geese), Passeriformes (songbirds), and Psittaciformes (parrots and budgerigars). Biological 
and behavioral needs can vary significantly; therefore, it is imperative to consult relevant species-specific 
literature when designing housing and husbandry systems.

Primary enclosures should be large enough to permit species-typical behaviors. In most cases, this 
means cage sizes that permit birds to stand or perch and spread their wings without contacting walls or the 
cage top (Kalmar et al. 2010; NRC 2011). Cage dimensions should be adequate to permit flight if needed; 
therefore, horizontal space is critical. Many birds are highly social and do well when housed together, pro-
vided that adequate space and cover are available to escape aggressors. Most primary enclosures are made 
of wire bars or grid. Spacing between bars and grids must be sufficiently small to prevent escape. Corners 
and junctions where panels meet may also offer potential escape routes and must be carefully checked to 
ensure that there are no gaps. Parrots are highly intelligent and easily learn to open cage doors. Psittacine 
species will climb on and chew cage bars, and may develop zinc toxicity if they ingest oxidized zinc that 
has not been removed by prior thorough brushing and dilute acetic acid washing (Howard 1992; Lightfoot 
and Yeager 2008; Kalmar et al. 2010).

Chickens, quail, pigeons, and other species that spend a great deal of time on the ground should be 
provided with a substrate that encourages foraging behavior. Coarse hardwood shavings work well, are 
absorbent, and provide birds the ability to scratch and peck. Hardwood shavings can also be used in 
large aviaries for birds such as finches. Alternatively, paper should be used to line cage bottoms and has 
the advantage of permitting daily observations of droppings and ease of change for health assessment 
purposes. Abrasive surfaces, such as concrete, when used exclusively for waterfowl flooring, can be a 
contributing factor to the development of bumblefoot.

Nest boxes are critical components of hen enrichment (Mench et al. 2010), and hens should be pro-
vided with enclosed nest boxes containing appropriate nesting material. Nests provide refuges for other 

FIGURE 25.2 Tagging system used for starfish identification. (Photo by D.P. Baumann.)
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bird species as well, and are essential components of breeding aviaries. There should always be enough 
nests to accommodate all occupants of the cage or aviary, as some species can be quite territorial. 
Likewise, perches should be plentiful and accessible to the animals. In large cages and aviaries, perches 
should be placed in a fashion that encourages flight. The perches themselves should be species appropri-
ate. Diameter should be sufficient to permit comfortable perching, with toes extending two-thirds around 
and perches placed in locations at heights preferred by the species being housed. Natural branches of 
varying diameters are frequently used for passerines and psittacines. Manzanita and other woods afford 
contoured nonabrasive surfaces that encourage foot exercise (Figure 25.3). Care should be taken to avoid 
abrasive materials such as sandpaper-covered perches, as these can predispose birds to developing foot 
lesions, and they should never be the highest perch in the cage. Dust baths should be made available to 
chickens (Duncan 2010) and other species that engage in this behavior (Matheson et al. 2015). Most 
chickens do not bathe in water and use the dust baths to maintain optimal feather condition (Duncan 
2010). Most birds commonly kept in research facilities are prey species. Wild-caught animals, in particu-
lar, can become easily stressed by smaller enclosures and unfamiliar activities. It is therefore essential to 
provide appropriate cover to allow animals a safe retreat. Cover can be simple, such as vertical panels, or 
more naturalistic items, like artificial and nontoxic natural plants. Large psittacines such as parrots are 
highly intelligent and require complex enrichment strategies, such as provision of manipulanda, forag-
ing opportunities, and objects that encourage chewing and shredding, in addition to human interaction.

Clean water must be easily accessible to all birds in the enclosure. Ducks and other waterfowl benefit 
from water, typically provided in pools, for keeping feathers healthy and for engaging in species-typical 
behaviors (Mench et al. 2010). Ponds or pools give these species opportunity to swim and engage in 
normal behaviors. Most waterfowl can be accommodated with a water depth of 2 feet (Flinchum 2006).

Other bird species will use shallow pans of water to bathe. Misting from above, especially for rain 
forest species, simulates rainfall and also encourages grooming behaviors (Figure 25.4).

Avian nutritional requirements (increasingly understood through research) and feeding habits vary 
widely among species. Many songbirds have omnivorous tendencies. Even species primarily thought 
of as seed eaters, such as finches and sparrows, ingest insects and other protein sources. Seeds, in fact, 
are recognized to be deficient in protein and high in fats, and feeding exclusive seed diets to many spe-
cies is strongly discouraged. Commercially balanced, nutritionally complete granular or pelleted diets 
are available for chickens and quail, ducks, finches, budgerigars, and parrots. High-quality, clean, fresh 
seed mixes and millet sprays can be used as supplements for seedeaters, and mealworms, waxworms, 

FIGURE 25.3 Finch aviary demonstrating multiple, spaced manzanita perches of varying diameters, hanging artificial 
vegetation for cover, and abundant nest boxes. (Photo by D.P. O’Rourke.)
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and other invertebrates can be provided to species that also eat insects. Waterfowl will forage on grass or 
plants. Fresh vegetables and fruits should be made available to psittacines and other species, and hard-
boiled eggs also make excellent supplements. Birds typically forage throughout the day, so offering a 
variety of foods allows them to engage in normal feeding behaviors. In all cases, clear knowledge of the 
dietary needs of each species housed is essential when determining proper diets for captive birds.

Birds should be housed in rooms or enclosures that provide adequate ventilation but are not drafty. Air 
exchange rates will vary depending on the species and number of animals housed. Standard animal room 
temperatures are adequate for many species, although animals from tropical environments may require 
warmer ambient temperatures. Care should be taken to avoid humidity extremes. Many bird species 
housed in outdoor aviaries can be gradually acclimated to tolerate seasonal climate changes, but animals 
should always be provided with shelter and a means to avoid temperature extremes.

Full-spectrum light is generally recommended for birds for behavioral, reproductive, and health rea-
sons. The light source should be chosen carefully based on the species’ physiology and behavior. There is 
evidence that chickens and pigeons can perceive flickering in certain frequencies of fluorescent lighting. 
This flickering can potentially impact the animal’s health and behavior (Lisney et al. 2012). These factors 
should be taken into account when housing any bird species in conventional animal facilities, and should 
also be considered as fluorescent lighting is phased out and replaced with light-emitting diode (LED) 
lighting. Light cycles will vary, depending on species requirements and the study needs. Provision of 
dawn and dusk periods in the daily cycle permits birds to access roosts without experiencing sudden darkness. 
Alternatively, low-level lighting kept on throughout the dark cycle permits birds to move about more safely.

Sudden dramatic temperature changes can have negative impacts on a bird’s health. Even species that have 
been acclimated to wider temperature ranges in outside aviaries require appropriate shelter from extremes 
of heat and cold. Many such aviaries have indoor access for animals to seek shelter in environmentally 
controlled areas. As for all animal facilities, bird housing areas should be equipped with emergency power.

The sanitation frequency of avian primary enclosures can be variable, depending on species, sub-
strate, enclosure size, and number of inhabitants. In smaller cages, paper liners are typically changed 
daily. Larger aviaries with shavings are spot cleaned daily and changed weekly to biweekly. Nonporous 
surfaces for waterfowl and similar species are usually hosed once or twice daily. Sanitation should be 
weekly for small cages, and biweekly for floor pens and aviaries. It is critical to avoid exposure of birds 
to chemicals during in situ sanitation processes. Quaternary ammonium compounds and other standard 
chemicals, such as bleach, can be used. Phenolics should be avoided. All surfaces must be thoroughly 
rinsed before reintroducing birds.

Two important considerations when handling birds are minimizing stress and avoiding feather dam-
age. Assembling all necessary items for transfer, examination, or procedures prior to capture is critical 

FIGURE 25.4 (See color insert.) Gentle misting of parrots and other species provides “showers,” which promote natural 
grooming behaviors and feather health.
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to avoid unnecessarily long restraint times. This is especially true for small passerines and psittacines 
that can die acutely when stressed. Darkening the room will calm the bird and make capture less stress-
ful since most species do not see well in the dark. Small passerines can be gently picked up by hand. 
Pigeons, chickens, and ducks can be restrained by holding the wings against the body. Psittacines are 
often best restrained by wrapping in an appropriately sized towel, which will protect the feathers and 
cover the sharp toenails. All birds will defend themselves if threatened, and large psittacines, in par-
ticular, can deliver very painful bites. Therefore, in addition to wrapping, psittacines should always have 
their head restrained.

Birds have high metabolic rates, and lose body mass rapidly when not eating. They also mask signs of 
illness, so a bird that is not perching, sitting huddled with ruffled feathers, and not responding to stress 
of a visitor is likely quite ill. Supportive care includes providing a warm, quiet environment and ensuring 
adequate nutrition and water intake. Commercially available emergency diets are available for gavaging 
critically ill animals. Birds that are less ill can sometimes be provided warm palatable diets to encourage 
eating. In addition to providing a warm, quiet environment, perches should be placed on or near the cage 
bottom in close proximity to food and water bowls. Antibiotics, antifungals, and other therapeutic agents, 
if indicated, should be dosed according to species (Marx 2006).

Newly arrived birds should be quarantined away from the main colony to avoid introduction of viral, 
bacterial, parasitic, and fungal agents into the established population. Source (wild caught vs. colony 
reared) will help determine the duration of quarantine.

Birds can harbor zoonotic agents. Pigeons and psittacines, in particular, can be infected with 
Chlamydiophila psittaci, the causative agent of psittacosis or “parrot fever.” Avian mycobacteriosis is 
another potential zoonotic disease. Both agents can be detected through fecal polymerase chain reaction 
(PCR).

Inhalant anesthetics such as isoflurane and sevoflurane work well for most avian anesthesia proce-
dures. Birds can be induced by face mask or chamber and then intubated, if necessary, for maintenance. 
Injectable anesthetics, in general, are not as controllable and reliable across species as are inhalants. 
Analgesics, such as nonsteroidal anti-inflammatory agents, should always be provided when appropriate.

Euthanasia of avian species should be in accordance with the AVMA Guidelines for the Euthanasia of 
Animals. Intravenous barbiturate overdose is an acceptable method. Information on methods considered 
acceptable with conditions (inhalant anesthetic overdose, cervical dislocation, decapitation, etc.) and 
methods considered unacceptable can also be found in these guidelines (AVMA 2013).

Reptiles (Snakes, Lizards, Turtles, and Crocodilians)

The class Reptilia is represented by more than 9500 species of living reptiles. Lizards and snakes (squa-
mates) comprise the majority of these animals (Pincheira-Donoso et al. 2013), with turtles and crocodil-
ians making up the remainder of reptiles commonly seen in laboratory animal facilities. In addition to 
many species being studied by herpetologists and evolutionary biologists as research subjects in their 
own right, reptiles are also used as animal models. Among the more commonly encountered reptile spe-
cies in animal facilities are red-eared sliders (Trachemys scripta elegans), box turtles (Terrapene spp.), 
green anoles (Anolis carolinensis), green iguanas (Iguana iguana), American alligators (Alligator mis-
sissippiensis), garter snakes (Thamnophis sirtalis), and rat snakes (Pantherophis spp.).

Selection of an appropriate cage or enclosure depends on the species needs and behavior. The most 
important aspect of preparing to house a new species of reptile is conducting a thorough literature review 
to determine habitat, food requirements, and normal behavior of that species. Many snakes are “sit and 
wait” ambush predators and will remain coiled up under a shelter regardless of the amount of space pro-
vided. In contrast, other snake species and many lizard species are quite active and require larger enclo-
sures to engage in species-specific behaviors. Reptile housing options include glass or acrylic aquaria, 
stackable caging systems, fiberglass tanks, and other types of impervious primary enclosures. Sufficient 
height should be provided for species that climb or perch, such as iguanas, anoles, rat snakes, and corn 
snakes. Containers for aquatic and semiaquatic turtles and crocodilians must include a pond area for 
swimming. The water must be deep enough for the animal to right itself if it becomes turned over, and 
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provision of a haul-out area for basking is very important. Lids do not need to be provided for tanks 
and cages housing turtles, crocodilians, and certain lizard species, provided that the tank sides are tall 
enough to prevent escape. In contrast, lids for snake and many lizard cages must be not only provided, 
but also tightly fitted and secured to prevent escape. Venomous species of reptiles should be kept in non-
breakable cages that are lockable and completely secure (Figure 25.5). Newer cage designs for venomous 
species often include shift panels. These are particularly useful, as they allow the animal to be segre-
gated away from the area being serviced, and decrease personnel risk by minimizing animal handling 
(O’Rourke and Lertpiriyapong 2015).

Substrates for enclosures include paper, hardwood shavings, indoor–outdoor carpet, or more natural 
substances. Selection of the most appropriate material depends on the needs of a given species. For 
example, shavings permit burrowing behaviors in many species. For water snakes and related species 
that spend much time in the water bowl, precut indoor–outdoor carpet keeps animals dry, allows traction 
for movement, and is easily sanitized and replaced. Natural substrates, while aesthetically pleasing, can 
harbor pathogens and must be disinfected prior to use; they are also more difficult and labor-intensive 
to maintain.

Clean, fresh water must be available at all times. Water bowl size is dictated by species behavior and 
number of occupants in the enclosure. All animals within the cage must be able to easily access the 
water, and the container must be large enough for animals to soak, since many snakes soak to soften 
and loosen skin prior to shedding. Box turtles and tortoises have difficulty climbing over the sides of tall 
water bowls, and should be provided water in large, shallow dishes that are easy to access and cannot be 
tipped over (Figure 25.6).

Some reptiles tend to be secretive; therefore, cages must be provided with refuges or visual barriers 
for animals to hide from view. Species that climb should also have branches or ledges on which to perch.

Some species of reptiles can be housed in pairs or groups. Examples include many turtles and tor-
toises, young crocodilians, and certain species of snakes and lizards. Exceptions include territorial male 
lizards, such as anoles, and cannibalistic snakes, such as king snakes.

The dietary needs of reptiles vary significantly, depending on species. Snakes feed on whole prey. 
Most species can be maintained on euthanized rodents. Unfortunately, individuals may not adapt and 
will have to be fed live prey. Other species feed on insects, fish, or frogs, and some snake species have 
evolved specialized, fastidious dietary requirements. If snakes are housed together, they should be sepa-
rated for feeding. Crocodilians are strict carnivores; however, they can be transitioned from whole prey 
to a balanced, high-protein pelleted diet. Depending on species, lizards may be insectivores, carnivores, 
omnivores, or herbivores. Anoles can be fed crickets and other insects. Prey insects must be maintained 
on nutritious diets, to ensure that they are not nutritionally deficient when fed to the reptiles. Iguanas are 

FIGURE 25.5 (See color insert.) Venomous snakes can be housed in locking shift cages to allow husbandry with mini-
mal risk. The red X marks the acrylic panel, which is easily removed. (Photo by D.P. O’Rourke.)
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herbivores, and feed on leafy greens, legumes, and other protein- and calcium-rich vegetables, and occa-
sional fruit. Sliders and other aquatic turtles eat fish and aquatic vegetation. Box turtles eat animal-based 
protein, as well as mushrooms, berries, and fruit, whereas tortoises are more herbivorous. Nutritionally 
balanced, commercial diets are available for many reptile species.

Reptiles are ectothermic; that is, they cannot internally regulate their body temperature. Consequently, 
they must be provided with an environment that is warmed or allows them to behaviorally thermoreg-
ulate. Strategies include placing a focused heat source on part of the cage (which also accommodates 
basking behavior), use of heat strips below part of the cage, or simply warming the entire room. In all 
cases, care must be exercised to monitor temperatures so that animals will not be exposed to sudden 
excursions or temperature extremes. With a few exceptions, room humidity levels of 30%–70% are 
appropriate for most reptile species. In general, reduced airflow rates are acceptable for many reptiles.

Many lizards and turtles, particularly young growing animals, require exposure to ultraviolet (UV) 
light in the range of 290–320 nm as a necessary component of proper vitamin D and calcium metabo-
lism (Gehrmann 1996). UV light sources should be placed within 24 inches of animals and changed at 
6-month intervals to ensure that animals receive the proper wavelengths (Figure 25.7). The light should 
not pass through any materials that absorb critical wavelengths (Burger et al. 2007). It is advisable to 
test all light sources advertising specific wavelengths, to verify the accuracy of the wavelength claims.

Reptiles are very sensitive to sudden temperature excursions. Failure of electrical and heating, ventila-
tion, and air-conditioning (HVAC) systems resulting in cold room temperatures can result in immune 
suppression, illness, and death. Similarly, sudden dramatic increases in room temperatures can be lethal. 
Therefore, as for other species, animal facilities housing reptiles should have backup emergency power.

Agents commonly used for sanitation of reptile cages include quaternary ammonium compounds 
and bleach solutions. Phenolics are toxic to reptiles and should not be used to sanitize cages or rooms. 
Sanitation frequency will vary depending on species. Many reptiles eat and defecate less frequently than 
mammals; therefore, cage cleaning intervals, especially if spot cleaning is implemented, can be less 
frequent. However, prolonged intervals between sanitation will lead to buildup of excrement and subse-
quent pathogen overgrowth. In general, snake and lizard cages can be changed at 1- to 2-week intervals, 
depending on dietary habits and level of soiling. Aquatic and semiaquatic species of turtles and crocodil-
ians will need more frequent sanitation if pool areas are static and unfiltered.

When handling reptiles, care must be taken to support the animal’s body. Snakes will bite if they 
perceive a threat, so they should be approached carefully. Many snakes can be moved by using a snake 

FIGURE 25.6 Water bowls for reptiles should be large, sturdy, and easily accessible to the species being housed. (Photo 
by D.P. O’Rourke.)
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hook to lift and transfer the animal. Turtles lack teeth, but many species will inflict a painful bite; they 
can be held by the sides of the shell. Crocodilians must have their head securely restrained. The jaws can 
be held shut and a tape muzzle applied to prevent the animal from opening its mouth. Crocodilians also 
have a powerful muscular tail that should be restrained. Lizards will bite, and many can slap with their 
tails. Additionally, many species will break off their tails as a predator avoidance mechanism, so tails 
should never be grabbed to capture or restrain a lizard.

Clear acrylic or plastic snake tubes can facilitate examination and treatment of snakes. The snake is 
encouraged to crawl into the tube, and then is prevented from backing out by holding the animal and the 
tube securely with the same hand (Figure 25.8). This method is particularly useful for manipulating ven-
omous snakes. Any reptile that is anorectic, has a poor body condition, is having difficulty shedding, or 
is not behaving normally should be evaluated for potential illness. Prior to shedding, the scales covering 
the eyes of a snake (spectacles) will turn a milky bluish color. During this time, the animal will be more 
irritable and prone to defensive actions. The opacity clears within several days, when the skin loosens 
and is typically shed in one complete piece. Patchy shedding or retained spectacles can be indicative of 
poor environmental quality or a disease process. In contrast, lizard skin and turtle scales (scutes) are 
normally shed in pieces. Any reptile that is suspected of being ill should be observed in its enclosure 
for evidence of abnormal breathing, vomiting, or diarrhea. Reptiles are susceptible to the same types 

FIGURE 25.7 (See color insert.) Many lizard species must have a basking site and access to UV light of the appropriate 
wavelength. (Photo by D. P. Baumann.)

FIGURE 25.8 Snakes can be restrained in clear plastic tubes for ease of handling and safety. (Photo by D.P. O’Rourke.)
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of diseases as mammals and birds, and can be treated accordingly. Therapeutic agents, dosages, and 
frequency of administration should be species specific whenever possible, due to the slower metabolic 
rates of reptiles. Formularies for reptiles are available (Carpenter et al. 2014). Supportive care includes 
provision of a warm environment and ensuring hydration. Tube feeding may also be indicated (O’Rourke 
and Lertpiriyapong 2015).

Newly acquired reptiles should be quarantined for several weeks, especially if they are wild caught. 
During this time, they should be evaluated for parasites and potential pathogens. The most common 
zoonotic disease associated with reptiles is Salmonella. Many species carry and shed the bacterium 
but exhibit no clinical signs. Proper hand washing and wearing gloves as indicated will help prevent 
transmission.

Inhalants such as isoflurane are the most reliable and controllable forms of anesthesia for reptiles. 
Animals can be induced in a chamber and then intubated if indicated. Some species, such as turtles and 
crocodilians, will breath-hold for very prolonged periods; these animals can be induced with an inject-
able agent and then intubated and maintained on inhalants. Analgesics used in reptiles include opioids 
and nonsteroidal anti-inflammatory agents.

Euthanasia methods for reptiles must be species appropriate. Injectable barbiturate and anesthetic over-
dose are acceptable. Inhalant anesthetic overdose is considered acceptable with conditions. Hypothermia 
is unacceptable for euthanasia, except for liquid nitrogen immersion of animals weighing less than 4 g 
(AVMA 2013).

Amphibians (Terrestrial and Semiaquatic Frogs, Toads, and Salamanders)

Amphibians comprise more than 6000 different species across three distinct order classifications: Anura, 
Caudata, and Gymnophiona (Pough 2007). The focus of this section is on Caudata, better known as 
salamanders, and Anura, which includes frogs and toads, as Gynophiona species, also known as caeci-
lians, are rarely used in research. Together, these comprise the majority of all amphibian species in the 
world, with relatively few species used in research and teaching (Pough 2007). With so few amphib-
ians being used in research, it is often challenging to obtain the animals necessary for the studies, as it 
requires either live capture or commercial acquisition through vendors in the pet trade. Live capture typi-
cally requires permits from the state in which collections will take place and may also require a federal 
permit. Some states may also require a permit to purchase the animals from vendors. Although captive-
bred animals can be obtained for Xenopus and some Ambystoma species, the majority of amphibians 
obtained from commercial vendors are live captured for the pet trade or for use as a reptile food source. 
It is therefore important to assess the quality of the vendors by understanding how they capture, house, 
and ship animals.

Due to the diversity of species, habitats, social behaviors, and environmental cues, it is difficult to 
prescribe specific husbandry practices that can be standardized across all species and facilities, as is the 
case with many of the mammalian species maintained in laboratories. It is therefore essential to have an 
understanding of and appreciation for the natural environment in which the species resides and attempt 
to replicate that environment in the laboratory setting. The following descriptions of caging, husbandry 
and care, and macro- and microenvironments provide examples of what has worked for some of the 
more common amphibian species used in research, including Xenopus sp., Rana (Lithobates) sp., Bufo 
(Anaxyrus) sp., Hymenochirus sp., Bombina sp., Ambystoma sp., Necturus sp., and Notophthalmus sp. 
(DeNardo 1995; O’Rourke 2007).

As with all laboratory animals, the primary enclosure should be sized and contain the necessary 
substrates to provide comfort and safety, while allowing for species-typical behaviors. Many amphibian 
species are capable of jumping high distances or climbing smooth vertical surfaces, so it is important 
that the primary enclosure be escape-proof. This typically includes the use of a lid that also prevents 
escape of live foods, allows airflow, and permits the passage of UV light (Browne and Zippel 2007). The 
enclosure material should allow for easy sanitation, and both plastic and fiberglass (DeNardo 1995) have 
proven to be successful materials. Standard glass aquarium tanks can also be used. It is important that 
whatever material is chosen does not contain rough or sharp edges or surfaces, as these can damage the 
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amphibian’s skin, which is an important barrier for disease prevention. Clear walls on all sides may cause 
a problem, as it is sometimes difficult for amphibians to recognize that there is a physical barrier. Then 
during an attempt to escape, they could run into the tank wall, damaging their rostral area.

Inside the primary enclosure, it is important to provide a substrate and other objects that support the 
natural environment of the species. This could include coconut husks or even compressed paper bedding 
like ALPHA-dri® or Pure-oCel®, which promote burrowing behaviors by Bufo (Anaxyrus) and terrestrial 
Ambystoma species (Figure 25.9). For amphibian species that do not burrow, the use of butcher paper, 
newsprint, and artificial turf has proved successful (Beaupre et al. 2004). The use of cage and pan liners 
like those used with other lab animal species may be preferred, as these are typically free of any con-
taminants. It is likely that amphibians will ingest loose substrate in the enclosure when feeding, such that 
corncob, kitty litter, and pine shavings should be avoided due to their potential to swell, as well as cedar 
shavings due to their potential toxicity (Beaupre et al. 2004). In addition to the substrate, the use of hiding 
places is necessary, as many amphibian species spend a significant portion of the day in these areas (Pough 
2007). These can include polyvinyl chloride (PVC) tubes, aquarium rock structures, and artificial logs.

Water is an essential and critical part of the environment for aquatic, semiaquatic, and terrestrial 
amphibians. Many amphibian species do not consume water, but rather absorb water through the skin. 
Because of this, the water source and quality are important. The principles and requirements for water 
that are used for zebrafish can be applied to amphibians.

Tap water can be used, but it is important to know the water treatment practices of the local water 
authority. Residual chlorine or other chlorinated compounds used in water treatment plants that are left 
untreated would be detrimental to amphibian populations. In addition, heavy metals and hardness can 
be toxic, and periodic changes in the treatment by municipalities can be disastrous to the amphibians 
(DeNardo 1995). The use of an activated charcoal filter is necessary if tap water is used. It is critical to 
ensure the effectiveness of the charcoal in removing contaminants, such as chlorine, and to replace the 
filter at regular intervals. Reverse osmosis (RO), distilled, and deionized water can all be used, but the pH 
and osmotic balance are critical. There are a variety of recipes that can be used to provide this balance, 
depending on the species and life stage of the amphibians being housed (DeNardo 1995).

It is necessary to conduct periodic monitoring of not only the source water and the treated water 
provided to the colonies, but also the water in the enclosures. Excess food and animal waste, along with 
insufficient cleaning practices, can all lead to poor water quality and potential disease (DeNardo 1995). 
The tank or cage water should be tested for the by-products of the nitrogenous waste cycle. The excess 

FIGURE 25.9 (See color insert.) Proper housing for toads includes a substrate such as coconut husks, a water source, and 
a PVC shelter for hiding. Note the toad at the base of the shelter buried in the substrate. (Photo by J.D. Cox.)
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food and animal waste generate ammonia, which is toxic to amphibians. Systems that recirculate the 
water through filtration mechanisms and back into the tank typically contain a biological filter with 
nitrifying bacteria to break down the ammonia buildup. One species of bacteria converts ammonia to 
nitrite, which is toxic, but less so than ammonia, and another species converts nitrite down to nitrate. 
Nitrates are even less toxic, and daily water changes will prevent the buildup of this compound. Nitric 
acid is another by-product of this process, which is why recirculating systems require the addition of a 
buffer like sodium bicarbonate. If the tanks do not have a recirculating system or the amphibians only 
require a shallow bowl of water, it may be necessary to perform a complete water change after feeding 
so as to avoid the buildup of toxic substances.

Due to the variety of amphibian species and the limited information available on captive husbandry, it 
is necessary to consider the natural environment when considering enrichment and what are the species-
typical behaviors in those environments. Some species (Ambystoma sp.) like to burrow, while others 
(Eurycea sp.) like to hide under rocks and in crevices. Aquatic species may also desire a shelter, either 
at the water surface, like a lily pad, or a tunnel-like device, such as PVC tubes. It is important to ensure 
that any enrichment device provided is free of sharp edges due to the sensitive nature of amphibians’ skin 
and the potential for disease when the skin is compromised (Figure 25.10).

Food can be another source of enrichment, especially for terrestrial species. The use of live food is neces-
sary for most amphibians, as they require prey movement for feeding (DeNardo 1995). Crickets and meal-
worms are the most common prey species provided, but fruit flies, tubifex worms, brine shrimp, earthworms, 
cockroaches, waxworms, and even small rodents have been used (DeNardo 1995; Pough 2007). It is important 
that a balanced diet be provided to the prey species to ensure that the amphibian species is obtaining sufficient 
nutrition. In addition to providing a variety of prey species, you may also need to gut load or dust the prey with 
a vitamin and/or mineral supplement to ensure a balanced diet. Some aquatic amphibian species will consume 
pelleted diets. Xenopus species are the most common research model that receives a pelleted diet, which is 
commercially available. It is also important to note that different life stages may require different feeds. For 
example, tadpoles will eat standard fish flake food, spinach, and alfalfa pellets (DeNardo 1995).

Amphibian species are ectothermic, so it is paramount to ensure that the temperature in the housing 
room meets the requirements of the species housed. Understanding the temperature variation in the 
species’ natural environment is necessary to determine the acceptable temperature range for laboratory-
housed species. Because amphibians are more sensitive to stress associated with higher temperatures 
(DeNardo 1995), it is often best to set the acceptable temperature at the lower range of the natural envi-
ronment. This is true for both aquatic and terrestrial species. The ability to provide temperature gradi-
ents through the use of heating devices under the cage or with heat lamps aids in digestion, development, 
and the ability to fight off diseases (Browne and Zippel 2007).

FIGURE 25.10 (See color insert.) Provision of both an aquatic environment and a terrestrial environment is essential to 
species such as the tiger salamander (Ambystoma tigrinum) as it undergoes metamorphosis. (Photo by J.D. Cox.)
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It is also important to match the humidity in the cage to the natural environment of the species, and 
most require higher levels (>70%) than are typically found or can be achieved in a typical research 
animal facility. This requires providing supplemental humidity in the microenvironment, which can be 
achieved by misting or through the addition of a water feature, such as a waterfall (Wright and Whitaker 
2001). Plants can also be added to the tank to increase humidity. As with temperatures, it is best to pro-
vide humidity gradients in the tank to allow the animals to find their desired microenvironment, depend-
ing on their physiological needs.

It is not necessary to maintain amphibian rooms at the same high level of air changes (10–15 air 
changes per hour [ACH]) as are typical in animal research facilities. High levels can be detrimental to 
amphibian species due to the potential for desiccation (DeNardo 1995). Room air changes of 1–2 per 
hour will provide sufficient ventilation and aid in maintaining the required humidity levels for the spe-
cies housed (Wright and Whitaker 2001).

Although amphibians can be housed using standard lighting conditions used in a typical research 
animal facility (DeNardo 1995), depending on the species and the type of research, it may be neces-
sary to make modifications to accommodate these needs. Just as mammals require ultraviolet B (UVB) 
radiation for the production of vitamin D3, so do some species of amphibians (Wright and Whitaker 
2001; Beaupre et al. 2004; Pough 2007; Browne and Zippel 2007). Because of this requirement, facili-
ties should ensure that there is a lighting source that provides adequate UVB at the animal’s level. Most 
plastics and glass block UVB penetration, so even though fluorescent lights at the room level produce 
UVB, the distance from the animals and the type of caging used may prevent the animals from obtain-
ing any UVB exposure. Fluorescent, mercury vapor, and halogen lamps can all be used to provide the 
necessary UVB exposure (Browne and Zippel 2007), but should be placed no higher than 18 inches from 
the animal. It is also possible to use LED lights, but this will require one set of lights for the light–dark 
cycle and another set to provide the necessary UVB exposure. Regardless of how the UVB light is pro-
vided, be aware that too much UVB can be detrimental to all stages of the amphibian life cycle (Antwis 
and Browne 2009). It may also be necessary to provide a dawn-to-dusk light cycle, especially if there 
is a need to breed the species (Pough 2007). It is understood that amphibians predominantly rely on a 
visual stimulus to detect and capture prey (Ruhl and Dicke 2012; Borghuis and Leonardo 2015), such 
that amphibian species that are predominantly nocturnal may even require a low level of light, similar to 
moonlight, during the dark phase to ensure that they are able to detect prey (Pough 2007).

Amphibian housing facilities that experience power or HVAC failures should take into consideration 
principles similar to those for a typical research animal facility: temperature, airflow, and lighting levels 
and cycles. Ideally, the controls for these utilities will be maintained on generator power, such that if 
there is a power failure, this will only lead to a loss of function for no more than a few minutes. If the 
species is provided water that is on a recirculating filtration system, this becomes a major concern, as 
without flow, the water quality will quickly deteriorate. Within 24–48 hours, there will be an increase 
in toxic nitrogenous compounds, such as ammonia and nitrites. The biological filter that maintains these 
compounds in check will also begin to die off.

In addition to the husbandry steps already mentioned with regards to feeding, water quality, and envi-
ronmental conditions, it is important to consider the necessary steps for maintaining a clean facility. This 
includes cleaning tanks and enrichment devices, which is typically a manual process, as well as floors 
and other horizontal surfaces. Due to the permeability of amphibian skin, soaps and detergents are typi-
cally not used. Historically, low concentrations of chlorine bleach (0.06% to 0.6% sodium hypochlorite) 
have been used. By using chlorine bleach, even if the rinse was not effective, any residual chlorine will 
dissipate by allowing the equipment to air out for 24 hours. With recent developments of tank cleaning 
chemicals for zebrafish, there may be other options in the future that can reduce the amount of manual 
labor necessary to clean tanks and enrichment devices.

When handling amphibians, it is important to do so in a way that causes minimal disruption to the 
skin. It is also important to protect the handler, as many amphibians have defensive secretions that are 
toxic. The use of powder-free gloves that have been rinsed with distilled water is a safe way to pick up 
and restrain amphibian species. Transferring the animal to a clear container to allow for a complete 
visual examination or for transport may be needed. While the animal is being evaluated, it is critical to 
provide moisture to minimize drying or disruption of the amphibian’s skin.
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Since there are few amphibian species bred in captivity, there is a high probability that animals will be 
wild caught, which presents challenges as this relates to animal health. The disease state of these wild-
caught animals is unknown; thus, a strict quarantine program is critical. It is ideal to house newly arrived 
animals in a separate room, but at a minimum, there should be a separation of tanks and the use of new 
gloves, instruments, and cleaning equipment between tanks, with the quarantine tanks worked with last. 
The basic principles for a good animal quarantine program can be applied to amphibians as well, but 
more specifics on the program have been previously described (Browne and Zippel 2007).

Many of the animal health concerns associated with amphibian populations are due to stress from ship-
ping or poor environmental conditions. As with most animal species, this stress leads to a suppressed 
immune response, allowing for the development of a disease state due to opportunistic pathogens (Wright 
and Whitaker 2001). There is also a risk of disease with wild-caught animals, depending on the time of year 
in which they were collected (O’Rourke 2007). Intestinal and respiratory parasites, as well as chytridiomyco-
sis, are some of the more common concerns with wild-caught specimens (O’Rourke and Rosenbaum 2015).

Surgical procedures should be performed following standard practices for most other species. Although 
the skin may contain some antimicrobial compounds, it is important to start with sterile instruments and 
use aseptic techniques throughout the procedure (DeNardo 1995). Tricaine methanesulfonate (MS-222), 
isoflurane baths, and isoflurane gel are commonly used anesthetics for surgical procedures (Wright and 
Whitaker 2001). The use of a surgical scrub on the skin should be limited to 0.75% chlorhexidine- or benzal-
konium chloride (2 mg/L)–soaked gauze, left on the surgical area for a minimum of 10 minutes (Wright and 
Whitaker 2001). It is important to maintain a moist skin surface due to the requirement for oxygen exchange 
through the skin. This can be achieved through the use of moist gauze, the circulation of freshwater over the 
skin, or the use of artificial slime (Wright and Whitaker 2001). The surgical site can be closed with tissue 
glue or suture (DeNardo 1995). The suture should be a monofilament nonabsorbable material that is placed 
in a simple interrupted or horizontal mattress pattern to prevent dehiscence (DeNardo 1995; Wright and 
Whitaker 2001). It is important to minimize the tightness of the suture and remove all ligatures after 4 weeks 
if they have not come off naturally (DeNardo 1995). Silk and gut suture should not be used, as silk causes 
tissue reaction and gut dehisces (Tuttle et al. 2006). As with any surgical procedure, there is an assumption 
that the animal will experience some pain during the postoperative recovery period and should be provided 
analgesia. Several analgesics have been used in amphibians (Koeller 2009; Coble et al. 2011; Wright et al. 
2014). The method of euthanasia used is dependent on the needs of the research. The most common method 
is an overdose of the anesthetic MS-222 by intracoelemic injection or immersion. The use of ethanol, bar-
biturates, and benzocaine as an injectable euthanasia has also been described (DeNardo 1995; Wright and 
Whitaker 2001). With any of the injectable methods, it is critical to ensure death, which can be done by 
removal of the heart as a secondary method. Physical methods include decapitation, followed by pithing 
and blunt cranial trauma, but should only be performed by trained and experienced individuals. Freezing of 
small specimens that are not freeze tolerant is also acceptable (Wright and Whitaker 2001; AVMA 2013).

Summary

Care of nontraditional species in a laboratory animal facility carries a responsibility of investing extra 
time and effort to learn as much as possible about the biology, natural history, and behavior of these 
widely variable and unique creatures. Only when we understand their fundamental needs can we begin 
to provide appropriate environments for these remarkable groups of animals.
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Introduction

Managers of facilities are faced with many different responsibilities when overseeing the management of 
the animal care programs at their institutions. These will vary based on the type of facility that they are 
overseeing, as well as the species and type of research that is being conducted. In this chapter, managers 
will gain knowledge of basic animal facility management in areas such as staffing, husbandry, animal 
identification, working with hazards, equipment maintenance, maintaining safety equipment, animal 
procurement, and receiving and exporting animals into the facility.

Types of Facilities

There are many different types and sizes of facilities that house animals used for research. Facility 
design, size, and resources available depend on many factors, including the species being housed, the 
goals and types of research being performed, and the size of the larger research enterprise that the facil-
ity serves. Program types can range from colleges and universities, private nonprofit research institutes, 
and contract research organizations, to those serving industries such as pharmaceuticals. In general, a 
centrally managed animal research program that has as few independent facilities as possible is the most 
efficient and cost-effective method to run a program. However, due to research demands and available 
resources, many programs have multiple sites housing animals, and thus varying management struc-
tures. It is important that the management team of the institution take into consideration the unique needs 
of each facility, in conjunction with the applicable regulations and policies of the institution, as well as 
the local area that the program is located in, when determining management practices (Stark et al. 2010).

Satellite Facilities

An area that has come under increasing scrutiny by AAALAC International and, in the United States, 
the U.S. Department of Agriculture (USDA) and the Office of Laboratory Animal Welfare (OLAW) is 
how satellite facilities are managed and monitored to ensure compliance with the Guide for the Care and 
Use of Laboratory Animals (Guide) (NRC 2011) and Animal Welfare Regulations (AWR). Many satellite 
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facilities are run by research investigator groups that will need to be trained appropriately regarding 
applicable rules, laws, and/or policies; animal care; facility maintenance; and documentation standards. 
Regardless of whether the satellite facility is under the management of a centralized animal program or 
run by research staff, it is strongly recommended that satellites strive to establish the same operating pro-
cedures that are in use in the main facilities, including, but not limited to, husbandry practices, veterinary 
care, documentation, training, and sanitation practices, for overall institutional program consistency.

Compliance and Monitoring of Satellite Facilities

Monitoring of a satellite facility for compliance is the role of the animal oversight body, usually called 
the Institutional Animal Care and Use Committee (IACUC); however, the veterinary staff should play 
a role in ensuring that animal care standards are appropriate for the species being housed. Oversight of 
the satellite can be performed as an extension of the IACUC or of the centralized management of the 
animal program. The individual monitoring the facility could be a veterinarian, a veterinary technician, 
a member of the animal husbandry team, or a member of the IACUC staff, depending on the complexity 
of the work within the satellite and how the animal program is established at the institution. IACUCs 
may have someone that oversees a formal postapproval monitoring program as well, which can add to 
the oversight of the satellite.

Equipment Sanitation in Satellite Facilities

Cage sanitation practices in a satellite facility must meet the requirements of the Guide and, if appli-
cable, the AWR. However, many satellites are small and lack mechanical cage washing equipment. 
Therefore, those involved in the care of the facility should make a decision as to how these requirements 
can be met. Options include transporting dirty supplies to a centralized cage wash room in one of the 
centrally managed animal facilities; using a washer that is located near the satellite, such as a glassware 
washer; purchasing disposable caging; and hand sanitizing. The cost of using disposable cages should be 
weighed against the labor, supply, transport, and utility costs of hand washing or transporting equipment 
to a centralized animal washing facility. Large equipment, such as shelving racks and tables, is generally 
not able to be removed from the facility, and so a method and frequency of sanitizing these components 
in place should be developed. With any method that is used, a system to validate the method of cleaning 
to show that sanitation is appropriate must be set up according to the Guide.

Training of Research Personnel to Care for Animal Colonies

With any satellite that is run by research staff, training must be conducted to ensure that they are fol-
lowing all local, state, and federal regulations and policies with regards to care and use of animals. It is 
recommended that the training be conducted by members of both the IACUC and animal facility staff, 
as there must be a thorough understanding of all aspects of animal care prior to beginning work in the 
facility. Research staff must understand that animal care is a 365-day process, and proper documenta-
tion is essential for all aspects of the care of animals. Animal facility staff are also in the best position 
to share standard operating procedures (SOPs) and documentation forms to assist the research staff with 
setting up the facility.

Core Resources

As more expensive equipment is used to conduct research, institutions are increasingly moving toward 
shared equipment programs. It is important that shared equipment policies are established that include 
a fee structure to cover the costs of preventive maintenance, repairs, disposable supplies, and ultimately 
replacement costs. Skilled operator costs may also be factored into the equation. It is important to estab-
lish an individual or group who will be responsible for maintaining the equipment should there be prob-
lems. These responsibilities could fall to the animal program or to the head of a core service (Berns et al. 
1996), depending on institutional management structures.
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Staffing Models

As animal husbandry and management has become more complex, staffing for animal facilities has 
become more specialized, with many institutions having multiple categories of employees that work 
within them. The American Association for Laboratory Animal Science (AALAS) has recognized this 
and has increased the number of job titles that it collects compensation data on. For example, in 2010 
there were 12 job categories, which grew to 18 categories in 2014 (AALAS 2010, 2014). The types 
of positions at a facility will depend on the types of species housed, the size of the institution, and 
the complexity of the organizational structure. As facilities grow, job specialization, where employees 
spend their time on a narrower group of tasks, tends to be more common in order to gain efficiencies 
in the operation. While repetitive motion injuries and employee burnout should be considered with all 
employees, those that are specializing in specific tasks should be monitored more closely and appropriate 
opportunities for cross-training should be developed. Managers should be encouraged to look at their 
program and determine the best staffing model for their specific situation (Boisvert and Morgan 2006; 
Schray et al. 2011).

Common job descriptions within an animal facility are listed in Table 26.1 (AALAS 2014).
An additional job description that is starting to become more prevalent is the enrichment coordinator 

or animal behaviorist. This position could be filled by a veterinarian, but many times it is filled by some-
one with an educational background in animal behavior. These positions are growing in number as the 
welfare of animals in laboratory animal facilities continues to improve and, along with it, the interest in 
ensuring appropriate species behavior. The AWR sections related to primates and dogs (CFR 2013) and 
the Guide both have language on providing species-specific environmental enhancement. Behavior spe-
cialists and enrichment coordinators, once only employed in large primate programs, are now employed 
by many facilities to meet these requirements for all species. These individuals may work independently 
to find and treat behavior disorders in individual animals or provide broader programmatic direction 
with regard to enrichment and species-specific behavior.

Training

Regardless of job description, a comprehensive training program should be employed for all staff mem-
bers, including initial training and verification of the ability to perform duties, as well as regular oppor-
tunities to refresh training on the key components of the program. Time should also be allocated in 
employees’ schedules to ensure that training required by other groups at the institution, such as environ-
mental health and safety (EHS), who may oversee blood borne pathogen and chemical hygiene training, 
for example, is completed. Regardless of the training being performed, a method for documenting when 
training occurs, as well as retaining records of training, should be developed. These methods could be 
simple paper files, a spreadsheet, or a more complex training database system.

Personnel Considerations

Consideration should be given to personnel needs when working in an animal facility, such as dedicated 
clothing, locker rooms, hand washing sinks, laundry, offices, and break rooms. According to the Guide 
and AWR, personal protective equipment (PPE) provided should be based on a risk-based analysis of the 
work being conducted, to include hazards that are present in the work environment. Occupational health 
and EHS professionals should be consulted when developing the risk assessment. Common or basic PPE 
used in biomedical research facilities may include dedicated clothing, gowns, hair bonnets, surgical 
masks, shoe covers, dedicated shoes, eye protection, and gloves. Additional PPE can be added to the 
basic PPE to protect users against other hazards in the work environment, such as coveralls to provide 
full-body coverage, or N95 masks when working with respiratory hazards. PPE should be removed at 
a defined boundary within the facility, and showers may be required to control exposure of hazards to 
personnel or animals. Hearing protection should be provided when the maximum safe decibel level for 
continuous noise exposure, that is, currently 85 dB for 8 hours (NIOSH 2007), is exceeded, and should 
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TABLE 26.1

Common Job Descriptions

Job Title Job Description

Director Usually requires an advanced college degree in a related field, e.g., DVM, PhD, or specialty 
board certification. Ensures overall facility compliance with federal, state, and local 
regulations. Has responsibility for animal care program, policy, planning, and administration.

Assistant/associate 
director

Usually requires a college degree; may require a DVM and specialty board certification. Assists 
director in oversight of the animal care program, policy, planning, and administration. May 
have direct supervisory responsibilities for one or more components of facility operations.

Manager May or may not require LATG or CMAR certification; usually requires a college degree in a 
related field. Provides direct supervision of supervisory personnel. Ensures standard operating 
procedures are current and accurate, and that occupational safety procedures for animal care 
are observed. Recommends personnel actions to include hiring, training, promotion, and 
discipline. May have responsibility for facilities management and planning.

Administrative/
business manager

May require a business degree and 3 or more years of experience in an office management 
position. Works with the director to prepare budgets and provide monthly reports. Oversees 
purchasing of laboratory animal facility supplies, develops bids and oversees contracts for 
large purchases, prepares and assists with the preparation of annual per diem cost analyses, 
develops and oversees facility business processes, and fulfills other administrative duties.

Supervisor Usually requires LATG certification and/or college degree in a related field. Provides first-line 
direct supervision of laboratory animal care personnel. Prepares schedules for work 
assignments, and animal husbandry. Trains and instructs personnel in appropriate animal care 
and facility procedures.

Clinical veterinarian Requires a DVM. Provides veterinary medical care for research animals. May plan, execute, and 
follow up on technical research projects. Develops, implements, and controls procedures 
related to the acquisition, maintenance, quarantine, and disposition of all research animals. 
Coordinates with, provides technical support for, and acts as a liaison to management and other 
divisions regarding animal health issues.

Facility compliance 
manager

Usually requires a minimum of a bachelor’s degree or its equivalent. Manages regulatory 
compliance processes, including handling corrective and preventive actions; establishes and 
administers quality assurance programs to measure and track compliance with regulations; and 
assists with semiannual inspections.

IACUC coordinator Oversees compliance with regulatory standards and accrediting agencies. Facilitates activities of 
the IACUC, including administration of the protocol review process, semiannual facility 
inspection and program review, and record keeping.

Training coordinator May require LAT, LATG, or CMAR certification. May need a 2-year college degree or higher in 
a related field. Develops, coordinates, and provides training for animal care staff, scientists, 
and others who may be exposed to laboratory animals. Training provided may include topics 
such as biology, care, biomethodologies, and special techniques for a variety of laboratory 
animals, and may be provided via web, didactic, and hands-on methods. Also responsible for 
managing training documentation and supporting compliance with training mandates.

Research technician May require college degree in a related field. Provides assistance to researchers by performing 
specific technical procedures of the research project. Collects research data and maintains 
accurate research records.

Animal health care 
technician

May require a certification, such as LATG, RVT, or CVT, or a licensure, such as LVT, and/or 
previous veterinary technology-related experience. Provides support to the veterinary staff in 
collecting biological samples, performs diagnostic and imaging laboratory procedures, 
provides pre- and postoperative care to animals, and assists in surgery. Operates and maintains 
equipment such as anesthesia machines, diagnostic laboratory equipment, and other 
specialized instruments. Administers medications and medical treatments. Maintains and stores 
inventories of medical and diagnostic supplies.

Senior-level laboratory 
animal technician

May require at least LAT certification. Provides husbandry of animals in more specialized areas 
of the animal facility, to include barrier and biocontainment areas. Maintains supplies, feed, 
and bedding inventories and storage. Assists researchers and veterinary staff when needed. 
Trains entry- and midlevel technicians.

(Continued)
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be part of an overall hearing conservation plan (OSHA 2002). An effort should be made in the engi-
neering of spaces, as well as the use of appropriate equipment and appropriate PPE, in order to reduce 
personnel exposure to animal allergens (Gordon et al. 1997).

If additional respiratory protection is required, there are many different types of respirators that can 
be used to provide protection against the inhalation of harmful airborne contaminants, including N95 
masks, half- or full-face chemical respirators, self-contained breathing apparatus (SCUBA), and per-
sonal purified air respirators (PAPRs) (Figure 26.1). It is recommended that occupational health and 
EHS professionals be involved with the decision on which of these methods of protection is appropriate 
for the hazards being faced, as well as to ensure that individuals are cleared medically and appropri-
ately fit tested before their use and on an annual basis (NRC 1997). Eye protection, such as goggles or 
full-face shields, are important where splashes may occur (NRC 1997). In most cases, utilizing nitrile 
gloves instead of latex gloves provides more protection from chemicals, as well as reduces the possibil-
ity of inadvertently exposing an individual with a latex allergy to latex powders. Additional protective 
equipment can include arm protectors for chemical and direct contact allergen control and bite gloves 
when handling animals that may bite. The types of PPE that are used in the facility should be evaluated 
on a regular basis to ensure that all components are safe, as well as achieve the goals of protecting the 
humans, animals, or both (NRC 1997). Programs have reported large cost savings through reduction or 
elimination of components of the traditional PPE model that do not provide additional support of the 
programmatic goals of limiting disease spread potential and employee safety (Hickman-Davis et al. 
2012; Baker et al. 2014).

TABLE 26.1 (CONTINUED)

Common Job Descriptions

Job Title Job Description

Midlevel laboratory 
animal technician

May require at least LAT certification. Provides basic daily husbandry of laboratory animals, to 
include more technical procedures, such as animal identification, collecting biological samples, 
and administering medications. Maintains accurate animal records. In addition to basic 
sanitizing supplies and equipment, may use autoclaves, necropsy equipment, and laminar flow 
hoods. Receives and stores materials and supplies.

Entry-level laboratory 
animal technician

Usually no AALAS certification required upon entry, but may be required within a certain 
length of time on the job. Provides daily husbandry of laboratory animals, to include 
observation of animals, handling and restraint, feeding and watering, changing cages/racks, 
and sanitizing animal quarters and equipment. Operates and/or uses supplies and equipment 
necessary to perform the husbandry duties. Provides daily record keeping for animals and 
room environments.

Shipping coordinator May require AALAS certification. Coordinates receipt of animals from and/or shipping of 
animals to other institutions/companies. Supervises the packing of animals for shipment and 
follows all regulations regarding transport of animals, including use of appropriate containers, 
feed, bedding, and water as needed. Coordinates shipping arrangements with other institutions 
and/or shipping companies. Maintains records of all deliveries and shipments.

Purchasing coordinator Usually requires a minimum of a business-related associate’s degree. Works with vendors to 
obtain competitive pricing bids, tracks deliveries of purchases, prepares purchase orders, and 
provides customer support to research staff or department on requested purchases.

Administrative support 
assistant

Assists manager with coordinating administrative support tasks, such as payroll, purchasing, 
and customer service.

Cage washer Usually no AALAS certification required. Sanitizes and/or sterilizes animal cages, racks, and 
other related equipment; operates and/or uses rack washers and other sanitization and 
sterilization equipment; prepares and uses disinfecting and sanitizing solutions. Performs 
preventive maintenance and maintains service records on racks and caging equipment.

Source: Adapted from American Association for Laboratory Animal Science, 2014 laboratory animal facility compensation 
survey, Industry Insights, Inc., Dublin, OH, 2014.

Note: DVM, doctor of veterinary medicine; LATG, laboratory animal technologist; CMAR, Certified Manager of Animal 
Resources; LAT, laboratory animal technician; RVT, Registered Veterinary Technician; CVT, Certified Veterinary 
Technician; LVT, Licensed Veterinary Technician.
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(a)

(b)

(c)

FIGURE 26.1 Types of respirators: (a) N95, (b) full-face, and (c) PAPR. (Photo by Michelle Wallace-Fields.)
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Traffic Patterns

Traffic patterns and the movement of supplies are dependent on the facility design and the health status 
of the facilities within the animal program. Generally, facility design is centered on the cage washing 
facility, with equipment and personnel moving out from the clean side of the cage wash. From there, it 
is important to work with the veterinary staff to determine the best traffic pattern that will minimize 
cross-contamination between areas of the facility. Generally, this requires entry into the most disease-
free rooms first (i.e., germ-free, strict isolation barrier, or other clean room), followed progressively to 
rooms that have a higher risk of disease, and ending with the rooms with the highest risk of disease (i.e., 
quarantine or biohazard rooms). Ultimately, caging and staff would end up in the dirty side of the cage 
wash. Proper facility design will increase efficiency in ensuring that these traffic patterns are followed, 
as design can be used to move people in the correct direction. It can also help to reduce the possibility of 
contaminants and prevent unnecessary exposure of personnel to animals and animal wastes. However, as 
research requirements change and as animal programs grow, facility design is generally only one com-
ponent of this process. Therefore, it is important to establish workflows, SOPs, and facility policies that 
support these goals, to reduce the potential for disease outbreak and transmission of pathogens (Trott et 
al. 2004), as well as promote efficiency of staff and operations.

Movement of Specialized Staff between Facilities

Programs that have specialized staff that need to work across multiple facilities or within facilities with 
varied health status, such as behaviorists or veterinary staff, controlling for cross contamination between 
facilities or within a specific facility is more of a challenge. This is especially true when there may be 
only one individual performing a specific function that may require them to travel in between these areas 
within the same day. It is important that the facility management staff and veterinary staff discuss appro-
priate traffic patterns for the program for these specialized staff on a routine basis. Any individual that 
has access to the facility should be regularly trained to ensure that he or she knows the current order of 
entry into different areas. To assist personnel, signage could be employed that specifies the room entry 
order, or rooms could be grouped based on a similar health status, by facility, by color coding, or by 
numerical codes. Instructions and training should be provided to staff that need to work in areas of vary-
ing health statuses regarding room entry order, changes in PPE, shower requirements, or other procedures 
that should be used to prevent cross-contamination. To promote efficient use of staff time, it is best if 
individuals working in the facility schedule their workdays or workweeks in order to minimize the poten-
tial for cross-contamination. For example, individuals should move through their day or week starting at 
the most disease-free areas, and then move to the areas with a higher risk for disease. If an individual is 
required to enter a disease-free area after entering a lower health status room, specific procedures, such 
as showering and changing clothes or mandated time out of the facility, should be developed to prevent 
cross-contamination.

Basic Husbandry Methods

One of the most important steps for any animal facility is determining the type of caging, bedding, food, 
and delivery methods for food and water, for each species of animal housed. When determining what 
type of caging to utilize, the institution should take into account the species to be housed, the social 
housing needs of those species, the enrichment to be used, the maximum number of animals that will be 
allowed per cage or pen, whether the animals will be breeding, whether a ventilated or a static housed 
cage is most appropriate for the animals, the studies being conducted, whether cage floors should be solid 
or slotted metal, and cage washing equipment and capabilities. Cage and pen cleaning and changing fre-
quencies are outlined in the Guide and the AWR. If the institution will be using a cage or pen cleaning 
and change frequency that is outside of the recommendations of the Guide or AWR, then the institution 
should develop criteria to determine if performance standards are being met. These “exceptions” to the 
Guide or AWR should be approved by the IACUC and appropriately noted.
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Rodent Cage Cleaning Frequency

The frequency of cage unit changes and soiled bedding change is a matter of professional judgment 
of the animal care personnel based on consultation with the investigator, taking into consideration the 
standards of the Guide. Soiled bedding, cages, enrichment, and other cage structures (i.e., wire bar lids, 
water bottles, and microisolator lids) should be removed and replaced with fresh materials as often as 
necessary to keep the animals clean and dry, as well as to ensure appropriate conditions for the animals. 
The frequency of changing out each component will depend on the performance standards you document 
at your institution (Schondelmeyer et al. 2006).

The frequency of bedding and cage changing depends on such factors as the number and size of the ani-
mals in the primary enclosure, the size of the enclosure, the urinary and fecal output, the appearance and 
wetness of the bedding, and the type of bedding used. The Guide recommends that solid-bottom caging be 
sanitized at least once a week, but some types of cages might require less frequent sanitation, which includes 
individually ventilated cage (IVC) units. AAALAC International refers its accredited units to the Guide 
when establishing their interpretation of cage changing frequency and states that “for IVC cage change 
intervals of longer than 2 weeks, verification of microenvironmental conditions may include measurement of 
pollutants such as ammonia and CO2, microbiologic load, observation of the animals’ behavior and appear-
ance, and the condition of bedding and cage surfaces. Also, as with any performance standard, there should 
be a system in place to monitor the outcome and report back to the IACUC.” For example, Rosenbaum et al. 
(2009) found that as you increase bedding volume, there is a statistically significant decrease in the rate at 
which ammonia levels build in the microenvironment. In addition, cages with low bedding volumes have 
increased humidity, which is also linked to increased ammonia production. In order to stay within appropri-
ate ammonia levels, they recommend a 14-day change cycle for a mouse cage containing five female adult 
mice when using 400 mL of aspen chip bedding. It is also important to consider species’ preferences for 
structuring cage component changes. For example, rats prefer scent-marked material, such as enrichment, 
nesting material, or even a small amount of soiled bedding, to be moved to the new cage when cage changing 
(Meller et al. 2011), whereas there is evidence that mice do not (Rasmussen et al. 2010).

Lean management principles have also been adopted in the laboratory animal field. An example of 
Lean principles involves moving away from “scheduled” cage changes. These principles include chang-
ing cages on an “as needed” basis or identifying areas that can extend beyond the typical industry 
standard. For example, a single-housed CD-1 mouse in disposable, ventilated caging was evaluated for 
extending the needed cage change date beyond 14 days (Vogelweid et al. 2011). The study found that 
these single-housed mice could be extended to 28-day cage changes, and that the in-cage ammonia levels 
were found to still be below the industry standard of 25 ppm. The Center for Comparative Medicine at 
Massachusetts General Hospital and the Vivarium at Seattle Children’s Research Institute (SCRI) have 
developed Lean management practices for the frequency of cage changes within their facilities. Both 
programs report large savings of technician time and bedding use. With these savings comes decreased 
interruption to the animals, and decreased use of cage wash equipment. At Massachusetts General, the 
average population is 27,000 cages. They found that with the Lean practices of cage changing, they will 
save 8000 hours a year in labor costs (Stahl 2012). SCRI found that Lean cage changing practices save 
1.5 hours per day of cage washing and result in a 50% reduction in the cost of bedding (Carbasho 2013); 
both groups report a 30%–35% reduction in cage changes.

Nonrodent Mammals

Additional consideration should be given for nonrodent laboratory animal species. There are many types 
of caging options available for nonrodent mammals. Some caging options are transient, such as rabbit or 
primate caging that are on wheels (Figure 26.2), or portable runs for larger species, such as pigs or dogs, 
that are able to be broken down and sent to cage wash for processing. Other enclosures are permanently 
installed, such as permanently fixed dog or pig runs (Figure 26.3), and must be cleaned in place. All 
enclosures must be cleaned at an appropriate interval to meet standards of the Guide or other local, state, 
or national standards, such as the AWR. In general, primary enclosures must be cleaned of excreta and 
food waste daily, and under the enclosures is cleaned as necessary to prevent the soiling of the animals. 
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In most cases, enclosures must be cleaned with a sanitizing agent or via a chemical cage washer at least 
every 2 weeks. If the animal is in a fixed enclosure, it is important that the animal is either removed or 
able to escape the area so that it does not get wet or harmed by the sanitizing agent.

Fish, Reptiles, and Amphibian Housing

Housing and sanitation of enclosures for nonmammalian species vary greatly by the species being 
housed (Figure 26.4). It is recommended that facilities consult with experts in the field when setting 
up enclosures and determining methods for cleaning. For example, when working with aquatic species, 
water quality is generally the most important aspect of the environment and should be monitored closely 
(the Guide; Major and Wassersug 1998). In addition, the use of chemicals is strongly discouraged, and 
hot water should be used to sanitize equipment. If chemicals are used, then extensive rinsing should 
be employed. Enclosure sanitation frequency will vary by species and performance standards. Taxon-
specific guidelines, wildlife and zoo publications, and internal guidelines are all resources that can be 
used when determining the ideal housing and care of these species.

Food

Once cage type and bedding change frequency have been determined, each institution should also deter-
mine what feed vendor to utilize and how staff are going to handle, store, and transport food for those 
cages. The Guide states, “Animals should be fed palatable, non-contaminated, and nutritionally adequate 

FIGURE 26.2 Rabbit caging on wheels to allow for easier movement to cage wash facilities for sanitization. (Photo by 
Michelle Wallace-Fields.)
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food daily or according to their particular requirements unless the protocol in which they are being used 
requires otherwise.” Facilities are encouraged to consider manufacturers’ and suppliers’ procedures and 
practices for protecting and ensuring diet quality (e.g., storage, vermin control, and handling procedures). 
Some feed vendors provide feed in different volumes and bag sizes. Typically, the smaller the bag, the 
higher the cost per unit of weight; however, using lighter bags could reduce staff injuries. Diet typically 
comes in nonsterilized and sterilized form. The sterilized diet can be either irradiated or autoclaved. 
When considering the use of sterilized feed versus nonsterilized feed, the pathogen status of the animals 
in the facility should be considered, as well as the overall biosecurity. For example, there has been at least 
one report of unsterilized food as the apparent cause of a mouse parvovirus outbreak (Watson 2013). In all 
cases, the expiration date for the diet should be noted and, unless stated otherwise, the assumption should 
be that diets can be used until 6 months after the date of manufacture. If feed is transferred to a secondary 
container, the container should be sanitized and labeled with the type of diet and mill or expiration date.

Water

There are several options for administering drinking water to animals, including water bottles, auto-
mated waterers, bowls, and even pouches that can provide potable drinking water. Generally, the source 

FIGURE 26.3 Permanently fixed large animal run for housing dogs, pigs, sheep, goats, or other larger laboratory animal 
species. Fixed runs require methods for sanitization in place. (Photo by Michelle Wallace-Fields.)



610 Management of Animal Care and Use Programs in Research, Education, and Testing

of water comes from the local municipal water supply, and so reviewing local water reports on a set 
interval is recommended in order to ensure that the water meets appropriate standards for research 
animals. In many facilities, water is further treated to ensure that chemical and microbial contaminants 
are minimized. The most common methods for reducing contaminants are to use progressive filters 
or reverse osmosis. For reduction in microbial load, which is important when working with immune-
compromised animals, water can be treated with ultraviolet (UV) light, autoclaved, acidified, and/or 
hyperchlorinated (Hessler and Leary 2002). When deciding whether to sterilize the water via chemical 
means, take into consideration the possible effects on the research that is being conducted (Lipman and 
Perkins 2002). Major considerations for deciding on the type of delivery device that works best for your 
institution will be based on the species housed, the staging and storing capabilities of your facility, the 
water restrictions in the area the facility is located, and the ability to wash and/or sanitize these devices. 
For automatic watering systems, generally ensuring the water remains sanitary is accomplished via 
regular flush of the lines or through filtration and UV sterilization for recirculating systems (Schultz 
2006). All methods of water delivery have advantages and disadvantages, so it is important to evaluate 
your processes on a routine basis to ensure that the systems in place perform optimally (Gonzalez et 
al. 2011; Gordon and Wyatt 2011). The water quality and source should also be evaluated on a routine 
basis to ensure that it is potable. In general, water that has been treated will remain potable and the risk 
of contamination is minimal, whether using bottles or automatic watering systems (Haist et al. 2004; 
Meier et al. 2008).

FIGURE 26.4 Xenopus sp. frog tanks housed on a rack with a flow-through water supply system. This type of system 
allows water to be conditioned prior to being introduced to the animals, but it is not recirculated. (Photo by Michelle 
Wallace-Fields.)
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Environmental Enrichment

Environmental enrichment is important to allow animals to display species-specific behaviors. All lab-
oratory animal facilities should have a program to provide environmental enrichment for all species 
according to the Guide. The AWR requires a program that provides for the psychological well-being of 
nonhuman primates and an exercise program for dogs. The Guide recommends that an environmental 
enrichment program be provided that promotes the well-being of all species through species-appropriate 
methods and that is routinely evaluated to ensure that it is meeting the needs of the animals in the pro-
gram. When designing the program, the type of species housed and the type of research being performed 
should be evaluated. For example, social housing is one of the most common methods for achieving 
species-specific behaviors for social species, but it may cause stress when incompatible animals are 
placed together (Whary et al. 1993). Some of these stressors can be reduced by including visual barriers 
and houses. Manipulanda, such as toys, chew sticks, and nesting material (Gaskill et al. 2009), may also 
be used as part of an enrichment program. It is important for animal facility managers to work with the 
IACUC, as well as the research scientists, to ensure compliance with the regulations, as well as to ensure 
the integrity of the science being conducted. By working with the research scientists to determine the 
best way to enrich animals on study, facilities can help to control the possible variability that enrichment 
can bring to research results. This can include changes in physiologic parameters, such as hematology 
results, cardiovascular telemetry data, or food consumption (Andrews-Kelly 2014).

Health Checking

Performing a daily check of animal health and environment, or health checking, is another important 
aspect of every laboratory animal facility. According to the Guide, all animals should be observed for 
signs of illness, injury, or abnormal behavior by a person trained to recognize such signs. A proper 
health check should consist of evaluating food and water availability, the health status of the animal, and 
the condition of the microenvironment. In addition, animal facility personnel should also examine the 
macroenvironment, to include temperature, humidity, noise, light intensity, light cycle, functionality of 
equipment, cleanliness, and organization. The Guide recommends that daily observations be performed, 
but recognizes that some applications (i.e., large outdoor settings) may make daily observation difficult 
and allows for professional judgment to minimize risks to personnel and animals. Each institution should 
establish policies and procedures for the reporting of adverse conditions that could affect the animal’s 
health and welfare, as well as illness and unexpected death.

Animal Identification

Importance of Genus and Species Recognition

As a manager, it is important to know what species will be housed in order to plan appropriate micro- 
and macroenvironments for the animals. Having the appropriate environment for the animals also will 
ensure scientific integrity and maximize staff and researcher safety. For example, when working with 
Xenopus frogs, it would be important to know if they are Xenopus laevis or Xenopus tropicalis, as the 
two different species require different environments, even though they are of the same genus (Major et 
al. 1998). The Guide provides information on appropriate temperature, humidity, and housing density 
for a variety of commonly used laboratory animals. It is also important to make sure that all regulations 
pertaining to the locality that the facility is located in are followed, such as the AWR in the United States.

Genetic Identification

Genetic identification of animals is very important, especially in the age of the genetically modified 
animal. Many labs work with multiple different lines of animals, mainly rodents, that range from com-
mercially available strains and stocks to complex genetic lines with multiple knocked-out genes. While 
genetically modified animals of all species are being developed, mice and rats are by far the most 
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common species involved. It is important for managers and their staff to have a basic understanding 
of the rules for nomenclature for these animals. The best resource is published by the International 
Committee on Standardized Genetic Nomenclature for Mice (2015) and can be found on the Internet 
at the Mouse Genome Informatics site (http://www.informatics.jax.org/mgihome/nomen/index.shtml).

As the use of genetically modified animals has increased, so has the amount of breeding that occurs at 
institutions. As a result, determining the genotype of an animal has become an important step in ensur-
ing scientific integrity by not only ensuring that the genetic changes that are desired are being passed 
on to the next generation, but also ensuring that inadvertent breeding or genetic drift has not occurred. 
There are several methods to establish the genotype of an animal, all having to do with collection of a 
DNA sample from the animal. Methods to gain DNA depend on the species and developmental status of 
the animal. For rodents, these methods include taking a small tip of the tail in rodents (Hankenson et al. 
2008), using the skin produced from an ear notch or snip, or using a toe clip (Paluch et al. 2014), saliva, 
skin biopsy, blood, or feces (Symonds 2013). For most other species, a small skin biopsy, blood, saliva, 
fin clip, or feces can be used. For any species, it should be noted that the taking of any tissue samples 
should be considered a potentially painful or distressful procedure, so noninvasive methods should be 
encouraged if possible. All sample collections should receive the appropriate IACUC approval and be 
appropriate for the species and age of the animal.

When managing breeding colonies, detailed records should be kept to ensure that appropriate genet-
ics are maintained and animals are used judiciously (Ayadi et al. 2011). Systems can range from very 
simple, such as using hard copies and cage cards (Jude et al. 2012), to complex database systems. There 
are commercially available systems that can integrate into the institution’s animal program management 
software, as well as several free or fee-for-service programs that are available to download from the 
Internet (Donnelly et al. 2010). Many research labs use homegrown systems that employ simple database 
software programs. Using these electronic programs, colony managers can consider the use of technol-
ogy further by implementing systems that can be used at the cage side with smartphones and tablets. 
Other species, such as primates, cats, guinea pigs, and rabbits, can draw on similar colony management 
systems in order to efficiently track animals and ensure proper genetic makeup of the colony (Chikazawa 
et al. 2012).

Sex Differentiation

Employees should be trained on how to differentiate the sex of an animal as part of their basic duties. 
The most common method for most rodents is to look for a difference in anogenital distance, where the 
anogenital distance is greater in males than in females (Figure 26.5). For most other mammals, it is 

FIGURE 26.5 (See color insert.) Sex differentiation in rodents is generally achieved by looking at anogenital distance. 
Anogenital distance is greater in males (right) than females (left). (Photo by Michelle Wallace-Fields.)
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typical to look for a penis and testicles in males or vulva in females. For nonmammalian species, gener-
ally there are other sexual dimorphic traits to look for, such as size, anatomic features, or color patterns 
(Figure 26.6).

Identification Techniques

While the Guide and the AWR both have the requirement for animals being identified, for most spe-
cies the standards are not proscriptive and allow for flexibility to apply a method that works within 
an individual facility. Most institutions employ an identification card system that is either hand gener-
ated or generated via a computerized census system using a bar code or radio frequency identifica-
tion device (RFID) scanner (Scher 2008; Gentile 2011). According to the Guide, these cards “should 
include the source of the animal, the strain or stock, names and contact information for the responsible 
investigator(s), pertinent dates, and protocol number when applicable.” If the animal is genetically modi-
fied, appropriate nomenclature for the genotype should also be included.

As science becomes more precise, the need to individually identify animals becomes greater. There 
are many acceptable methods for identification of individual animals. For mammals, these include pho-
tos to identify unique color patterns, collars, ear tags (Randle et al. 2011), ear notching and punching, 
tattoos, RFID microchips implanted under the skin (Troyk 1999; Catarinucci et al. 2014), light-activated 
microtransponders (Gruda et al. 2010), and temporary or permanent hair dye (Figure 26.7). Neonatal 
animals, especially rodents, can be difficult to identify. Footpad tattoos can be a noninvasive method 
of identification for rodents at a young age, where 5–10 μL of tattoo ink is injected into the footpads of 
neonates less than 5 days old (Figure 26.8). Toe clipping for rodents (Paluch et al. 2014) is another option, 
but it is discouraged at most institutions due to the invasive nature and resultant potential for pain and 
distress to the neonate. However, it is sometimes scientifically necessary, especially if it is combined with 
genotyping. Some studies suggest that the adverse effects are minimized if it is performed at less than 
7 days of age (Castelhano-Carlos et al. 2010) and appropriate anesthesia or analgesia is used (Hankenson 
et al. 2008). Regardless, it must be approved by the IACUC.

Reptiles can be identified using shell notching, tail notching, scale clipping, toe clipping, photos of 
skin color or patterns, RFID microchip transponders, and/or nontoxic dyes (O’Rourke and Schumacher 
2002). Amphibians can be identified by their color pattern, toe clipping, tattooing, freeze branding, glass 
or plastic beads sewn into the muscle, and RFID microchip transponders. Because amphibians shed their 
skin rapidly or regenerate limbs, it is important to consider which method will be used, as many of these 
methods may be temporary (O’Rourke and Schultz 2002).

Male Female

Sexing zebrafish

FIGURE 26.6 (See color insert.) Sex differentiation in zebrafish. Males have a more streamlined torpedo shape; females 
have a rounder abdomen. On wild-type fish, females have a dorsal fin that is more yellow. Females also have a cloaca (not 
pictured). (Photo by Morgan Singleton.)
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(a)

(b)

(c)

FIGURE 26.7 There are many identification techniques in animals, including the use of (a) paint sticks, (b) ear tags, and 
(c) tattoos. (Photo by Michelle Wallace-Fields.)
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FIGURE 26.8 (See color insert.) (a) Neonatal animals can be identified at less than 5 days old by using footpad tattoos. 
(b) Up to 16 animals in a litter can be identified using this method, where (c) the right front pad is identified as 1, etc. (Photo 
by Michelle Wallace-Fields.)
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Supply Management and Rotation Policies

A challenge in all laboratory animal facilities is inventory management and establishing rotation policies 
and audit practices for all supplies located in the facility, not just those that are managed by the central-
ized animal program. For example, if research personnel are allowed to store items and/or equipment in 
the animal facility, methods to audit those items should also be devised to ensure that they remain within 
the established expiration date or are cleaned, sanitized, and/or calibrated on an appropriate schedule. The 
semiannual inspections of the animal facilities by the IACUC can also be used to help ensure that items 
are appropriately stored.

When establishing the audit system to ensure that appropriate rotation and supply management is 
being conducted, facilities should utilize local, state, and federal guidelines, as well as institutional 
standards, to ensure consistency. Audit forms can be helpful in standardizing the process, as well as 
ensuring the frequency, quality, and thoroughness of tasks when they are completed. Items that can be 
included on audit forms are checking for expiration dates on feed and medications, and ensuring that 
waste containers are replaced or sanitized on a standard time frame, unsecured or uncapped sharps are 
managed, proper labeling is used, hazard storage containment is appropriate, proper signage on caging 
and in rooms is used, research-specific items are sanitized and within date, and sanitation schedules 
within the facility are being complied with.

It is important for your institution to develop a process to verify the sanitation effectiveness and fre-
quency of stationary equipment or equipment that is sensitive to wet sanitation applications (i.e., elec-
tronics and hand-washed equipment). This can be performed by using Replicate Organism Detection 
and Counting (RODAC) plates or bioluminescence technology; see the section on room maintenance for 
additional information on these technologies.

Rotation of supplies with a finite shelf life should ensure that the oldest products are used first to 
prevent waste. It is important to set up institutional SOPs or policies to ensure that expiration dates for 
items provide sufficient time to use the supplies before they expire, such as checking mill dates on feed 
bags on arrival. These same policies can be used to establish criteria to determine the shelf life of dispos-
able goods that do not have mill or expiration dates. Some facilities incorporate Lean practices for the 
purchasing of supplies on an as needed basis rather than storing supplies for long periods of time prior 
to use. This method of supply use should be balanced with the need to ensure that sufficient supplies are 
available according to your institution’s disaster plan.

Pest Control

An adequate pest control program is essential for managing all laboratory animal facilities. Pests can 
harbor disease, cause physical damage to facilities, or present as fomites that carry contamination from 
outside of the facility in or from one area within the facility to the another. Therefore, an integrated pest 
management (IPM) program should be developed (CDC-NIH 2009). The purpose of an IPM program 
is to develop a comprehensive program that integrates multiple factors, including facility design, moni-
toring, sanitation, facility maintenance, communication, and record keeping, along with pest control, 
in order to prevent, control, or eliminate pests from entering or infesting a facility. The goal of an IPM 
program is to minimize the use of pesticides that have the potential to impact research animals and there-
fore research results (Gunasekara et al. 2008). If pesticides are used, the decision should include the pest 
control specialist, facility management, veterinary staff, and research staff, as well as be in compliance 
with local, state, and federal regulations. Whenever possible, nontoxic means of pest control should be 
used, such as live traps for rodents, insect growth regulators (Donahue et al. 1989), amorphous silica gel, 
or sticky traps specifically designed for insects. It is important when using sticky traps for insects that 
only those designed to not capture rodents are used, as improper sticky traps that can capture rodents are 
considered inhumane. The use of nonchemical means is especially important when managing aquatic 
species due to the potential for water contamination (Rodney et al. 2013). If live traps are used (Figure 
26.9), a system should be developed for monitoring them on a frequent basis, including a plan for humane 
euthanasia that is also safe for personnel, should an animal be found (Mason et al. 2003). If there are 
animals housed in outdoor facilities, the same principles should apply, and should focus on eliminating 
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or minimizing the potential risk associated with pests and predators, such as ensuring the proper storage 
of food (NRC 2011).

Room Maintenance

Room maintenance and sanitation practices are used to ensure that the environment is clear of debris 
and clutter, odors are managed, and potential contaminants that could spread disease, affect research, or 
harm research personnel, such as allergens, are minimized. Ensuring that equipment is in working order 
and maintained as part of these practices is important. For example, with proper airflow within the facil-
ity and the advent of filter paper tops, ventilated cages, and filtered workstations in rodent rooms, aller-
gen concentrations in rooms can be decreased by more than 75% (Reeb-Whitaker et al. 1999; Gordon 
and Preece 2003).

Institutions should evaluate sanitation schedules that best fit their programmatic needs. Sanitation 
schedules can consist of daily, weekly, monthly, quarterly, semiannual, and annual tasks. Items that 
need to be addressed include walls, floors, drains, ceilings, doors, light fixtures, and so forth. Record 
keeping of the tasks performed is needed to document that these items are being completed. In order to 
set the frequency of tasks, it is important to evaluate performance standards. Methods that can verify 
whether items have been sanitized include the use of bioluminescence meters (Figure 26.10) and RODAC 
plates. RODAC plates are used to detect and quantify the microorganisms that are present on surfaces 
that you have sanitized to determine the effectiveness of your cleaning technique and schedule. RODAC 
plates require incubation of 3–5 days to achieve results. Bioluminescence works by detecting the level 
of organic matter that is present on a surface and can be used both before and after cleaning. It uses a 
natural enzyme that is found in fireflies that reacts with adenosine triphosphate (ATP), which is a com-
ponent of organic matter, to produce a light reaction that can be measured. With bioluminescence, the 
more organic matter that is present, the higher the ATP reading, and therefore the higher the level of light 
detected. Because the reaction can be measured in a few minutes, the entire process is generally more 
efficient, faster, and more cost-effective than other methods, such as RODAC plates, which has contrib-
uted to its increase in popularity for determining sanitation effectiveness in animal facilities (Ednie et 
al. 1998). One thing to be aware of is that the technology can be limited, as it is not able to detect the dif-
ference between live and dead bacteria, as in both cases the cell wall that creates the ATP reaction is still 
present (Turner et al. 2010). Finally, due to the fact that every facility operates uniquely and each manu-
facturer’s equipment is slightly different, it is important to validate the use of bioluminescence in your 
facility using other methods, such as RODAC plates, to ensure that proper parameters are established.

FIGURE 26.9 Live rodent traps can be used in a facility to humanely catch wild and escaped research rodents. It is 
important to set up a system to monitor traps frequently and have a plan for disposition of the animals if one is caught by 
this method. (Photo by Michelle Wallace-Fields.)
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(a)

(b)

FIGURE 26.10 (a) Bioluminescence meters can be used to determine sanitation effectiveness in your program by reading 
the amount of ATP involved in a reaction, which indicates a level of organic matter on a surface. (b) RODAC plates can be 
used to test for microbial contamination and hygenic status of surfaces. (Photo by Michelle Wallace-Fields.)
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Sanitation Principles

Principles

Following appropriate principles of sanitation for an animal facility is not only good management, but 
also required by the Guide and AWR. It is important to understand the differences between cleaning, 
disinfection, and sterilization (Table 26.2), as well as the type of facility and species that will be man-
aged before determining which method of sanitation will be required. For example, a conventional facil-
ity housing rodents in static cages will likely follow different sanitation practices than a barrier facility 
housing animals in germ-free isolators, and a facility housing large animals in fixed cages will require 
different practices than an aquatic facility.

Facilities should work to ensure that appropriate sanitation is occurring on a regular basis by ensur-
ing appropriate cleanliness of the facility via routine cleaning and removal of waste. Most surfaces, 
such as countertops, walls, floors, door handles, caging, and utensils, should undergo routine disinfec-
tion. The frequency of disinfection will depend on regulatory guidance (i.e., caging and cage furniture) 
or performance standards set by the facility. Disinfection eliminates nearly all recognized pathogenic 
microorganisms on inanimate objects, and the level of disinfection will depend on the established stan-
dard for the item and the facility. It is important that organic material is removed in order to ensure that 
appropriate disinfection can occur, as many disinfectants are neutralized when this type of material is 
present, as well as proper contact times and temperatures are used to ensure a high success rate. Large-
scale decontamination of rooms may be conducted with formaldehyde vapor, hydrogen peroxide vapor 
(Krause et al. 2001), or chlorine dioxide gas (Lowe et al. 2013).

Depending on the requirement for the facility, certain equipment may be required to undergo a higher 
level of sanitation and be sterilized, in order to definitively destroy all living microorganisms and viruses, 
including spores. Sterilization methods include heat, ethylene oxide gas, hydrogen peroxide, plasma, 
ozone, and radiation. Beyond sterile surgical equipment, animal programs may choose to sterilize cag-
ing, cage furniture, food, bedding, and water, in order to enhance biosecurity for their animals. This is 
most commonly performed with barrier rodent colonies (CDC-NIH 2009).

There are several classes of sterilants and disinfectants (Table 26.3). The chosen method will depend 
on the item and desired level of sanitation that is required. Consideration of the effect on the animals that 
are housed should also be considered. For example, there have been reports that quaternary ammonium 
compounds can impair reproduction in mice when used to sanitize rodent cages (Harrington 2014).

Validation and Quality Assurance Programs

Regardless of the methods used for sanitation, an appropriate quality assurance program that has been 
validated should be established for an animal care program. Mechanical washers should be monitored 
daily to ensure that appropriate temperatures are being reached to achieve required sanitation standards. 
This can be performed via mechanical means or through the use of temperature indicators (Figure 
26.11). Autoclaves should also be monitored daily to ensure that they are properly functioning. This can 
be achieved through steam indicator strips, autoclave tape, and/or biological indicators (Figure 26.11). 
Beyond the use of these items, all surfaces that have been sanitized, whether by mechanical means or 

TABLE 26.2

Principles of Sanitation

Term Definition

Cleaning Mechanical removal of visible surface contaminants, such as dirt, soil, and marks, usually by washing, 
wiping, or brushing with soap and water.

Disinfection Involves using chemicals to kill most microorganisms, except spores. Cleaning is generally required prior 
to disinfectant use, as dirt tends to deactivate the disinfectants.

Sterilization Involves killing all forms of microbial life, including fungi, spores, bacteria, and viruses. Methods 
include autoclaving, hydrogen peroxide, and some chemical sterilants.
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TABLE 26.3

Cleaning and Disinfection Compounds

Classes of 
Disinfectants Application and Safety Profile Examples

Alcohols • Active against vegetative bacteria, fungi, and lipid-containing 
viruses

• 70% ethyl alcohol

• Does not kill spores; variable against non-lipid-containing viruses
• Best if used at 70% concentration in water; does not leave residue

• Isopropyl

• Volatile and flammable

• Use on skin, work surfaces, and benchtops

Aldehydes • When used as a gas, can kill all microorganisms and spores, but 
not prions

• Formaldehyde

• Slow acting and requires high humidity • Araformaldehyde

• Use to decontaminate enclosed spaces (i.e., biosafety cabinets and 
rooms)

• Glutaraldehyde

• Suspected carcinogen; mucous membrane irritant; use proper 
venting

• Cidex

Chlorine 
compounds

• Fast-acting oxidant; broad-spectrum germicide for general 
disinfection

• Bleach

• Highly alkaline and corrosive to metal; use as gas or liquid • Chlorine dioxide

• Activity reduced by organic matter; activity decreases once mixed • Clidox-S®

• Concentration for use depends on level of disinfection required • Vimoba®

• Gas can be used for disinfection of enclosed spaces

• Chlorine gas is highly toxic, so caution should be used

Iodophor • Can stain surfaces and fabrics • Betadyne®

• Good antiseptics, especially for skin; use as a presurgical scrub • Povidone®

• Should not be used on aluminum or copper

Oxidizing agents • Broad-spectrum germicide; use at 3%–6% concentration for 
decontamination of work surfaces

• Hydrogen peroxide

• At higher concentrations or vaporized hydrogen peroxide or 
peracetic acid can sterilize heat-sensitive medical equipment

• Peroxyacetic acid®

• Used alone, it is slow acting, but combine with stabilizers to make 
less corrosive and work faster

• Virkon S®

• Can be corrosive to metals; store away from heat and light • Acidulate®

Phenolic 
compounds

• Active against vegetative bacteria and lipid-containing viruses
• Does not kill spores; variable against nonlipid viruses/

mycobacterium

• Pine-Sol®

• Lysol®

• Decontamination of environmental surfaces

• Some formulations used as skin and mucous membrane sanitizers

• Usually must be diluted with deionized water

Quaternary 
ammonium 
compounds 
(Quats)

• Active against some vegetative bacteria and lipid-containing 
viruses

• Activity reduced by organic matter, water hardness, and anionic 
detergents

• Roccal®

• Quatricide®

• Some are used as antiseptics • Sani-Plex®

• Good surface decontaminants, such as walls, floors, and counters

Source: WHO (World Health Organization), Laboratory Biosafety Manual, 3rd ed., WHO, Geneva, 2004, http://www.who 
.int/csr/resources/publications/biosafety/WHO_CDS_CSR_LYO_2004_11/en/.
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by hand, should have the method validated for effectiveness, including investigator equipment, such 
as behavioral devices (Guide 2011). Methods that can be used are RODAC plates or ATP monitoring 
through bioluminescence.

Hazard Identification

Communication between the animal husbandry staff and the research staff is key when working with 
hazards in the animal facility. Institutions have a legal requirement to inform anyone that comes into 
contact with a container with a hazard or an animal that has been exposed to a hazard, about that hazard. 
Systems should be developed to ensure the appropriate communication of the hazard name, dose, date of 
exposure, method of disposal, personal precautions, and spill procedures and who to contact if a spill or 
an exposure occurs. At a minimum, basic information should be provided at the container or cage level 
(Figure 26.12) to direct husbandry and research staff to basic procedures and where to find additional 
information for more in-depth questions and safety procedures. The goal of good signage is to decrease 
exposure of personnel to hazardous agents, and to communicate what to do in an emergency. This com-
munication should contain universal symbols for biohazardous, chemical, and radiologic waste, as well 
as appropriately direct the proper PPE and disposal procedures for waste.

Waste Management

Laboratory animal research programs generate a large amount of waste, and the regulations that govern 
waste disposal can sometimes be difficult to navigate. A good relationship and open lines of communication 
with your institution’s EHS team will help you to determine appropriate waste streams for all waste gener-
ated and ensure the compliance of your facility and institution, as well as the safety of personnel (Hill 1999). 

FIGURE 26.11 Quality assurance methods for the cage wash include the use of biological indicators (top left) and 
steam indicator strips (top right) for autoclaves and temperature indicator tapes for washers (bottom). (Photo by Michelle 
Wallace-Fields.)
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The EHS personnel at your institution will have firsthand knowledge of local, state, and federal regu-
lations that must be followed for your specific location. It is “best practice” to always follow the most 
stringent of the applicable regulations and policies that the facility falls under to ensure compliance. 
This starts with developing a team approach with the EHS personnel to ensure that any changes to the 
regulations are followed and that they are aware of any new or changing research projects that could 
impact how waste is handled at the institution. Strategies such as one-on-one meetings with research 
groups known to use high-risk reagents, signage related to proper disposal at key points in the facility, 
color-coding disposal containers (trash cans, sharps containers, etc.) for personnel to easily identify 
correct waste streams, and regular updates through electronic mechanisms and town hall meetings are 
some of the methods that can be considered to ensure compliance. The following categories of waste are 
addressed in this section: nonhazardous solid waste, carcasses, pharmaceutical waste, and infectious and 
biological wastes.

Nonhazardous Solid Waste

Nonhazardous solid waste can be defined as anything that can be placed into a sanitary landfill. In most 
cases, soiled bedding collected from healthy animals and most of the general trash that is generated 
in the facility can be classified under this category. Due to the volume of soiled bedding generated, 
some institutions have recently begun working with local composting companies to dispose of their 
waste. When considering this option, it is important to ensure practices within the facility that guar-
antee that only bedding from healthy animals is diverted to this disposal method. In addition, facilities 
that use disposable cages have successfully incorporated recycling into their programs. When handling 
soiled materials, containment precautions should be used to control allergenic exposures, such as dump 

FIGURE 26.12 Example of hazard signage that can be placed at the cage level to provide information as to the agent, 
dose, route, and date of administration. Additional information, such as how to handle bedding, food, and water, can be 
included, or staff can be directed to see additional information. (Photo by Michelle Wallace-Fields.)
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stations or appropriate respirators. Users must be properly trained in the use of safety equipment and 
in the importance of wearing proper PPE. A waste pickup schedule should be created that can handle 
the volume of the buildup of materials being stored and keeps it to a minimum. Storage areas should be 
located outside of animal holding and clean equipment areas to decrease contamination, odor, vermin, 
and disease transmission risks (CFR 2013).

Waste containers must be available and located in the proximity of the work being performed. Waste 
containers must conform to the needs of the work based on size and ease of use. Containers should be 
leak-proof, have a lid (unless they are emptied daily), and be sanitized or replaced on a set schedule.

Carcasses

A method for carcass disposal should be developed that is appropriate for the facility and meets local, 
state, and federal requirements (Cornell Waste Management Institution 2015). Methods of carcass dis-
posal include incineration, contracted carcass disposal companies, and chemical digestion through alka-
line hydrolysis (Murphy et al. 2009). Institutions may also want to consider donating carcasses of healthy, 
nongenetically modified animals that have been euthanized via nonchemical means to zoos, raptor soci-
eties, and so forth. While there are some in existence, most facilities do not have the ability to incinerate 
carcasses directly on site and must contract with a licensed crematorium or biohazardous waste service. 
Some institutions have moved to chemical digestion of carcasses on site because of this. When consider-
ing this option, check with local wastewater officials to determine how the effluent from the digester will 
be handled. Some local wastewater regulations will not allow the effluent to be discharged into the local 
waste treatment system, and therefore require a separate system to capture and dispose of the effluent 
through the solid waste stream. In all cases, sufficient cold storage and containment procedures should 
be available to handle the volume of carcasses generated by the institution prior to scheduled disposal.

Pharmaceutical and Chemical Waste

Pharmaceutical and chemical waste, if improperly handled, can end up in the water supply and harm ani-
mals and plants that live in the water, as well as humans. As a result, it is important to develop procedures 
that ensure that these agents are appropriately collected and disposed of. Educating the research and 
animal facility personnel regarding the different classifications of waste (i.e., pharmaceutical, chemical, 
and cytotoxic) and collection methods for each type is essential to ensure that these agents are not dis-
posed of through the sanitary sewer system or in the nonhazardous solid waste stream. This can include 
ensuring that chemicals used in the cage wash area are appropriately collected and/or neutralized prior to 
discharge into the sanitary sewer system. Methods to accomplish this include setting up collection points 
near where hazards are used, signage, and training courses developed in conjunction with your institu-
tion’s EHS personnel, as some hazards require more stringent collection, disposal, and documentation 
than others. For staff safety, all chemical hazards used in the facility should be identified in the location 
of use during the time period that the hazard has the potential to be present. This includes notations at 
the cage level for hazards given to animals. Appropriate signage and procedures to follow in the event of 
an exposure should be easily located in the area that the hazard is being used.

Biohazardous Waste

When working with biohazardous waste, it is important to work with your institution’s biosafety officer 
and EHS personnel to ensure that a risk analysis is conducted for each type of agent that will be used. 
The risk analysis should develop methods to ensure that the appropriate containment and waste handling 
methods for each type of hazard are present in the facility.

There are varying methods by which biohazardous waste may be handled, and they will depend on the 
type of biohazards, as well as the available resources at the institution. The best method of destroying 
waste is through incineration, as much of the bedding and supplies are combustible high-density waste. 
By incinerating the waste, it prevents the need for reuse of potentially contaminated supplies, as well as 
avoids the potential for the formation of infectious aerosols during handling and disposal of bedding and 
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other wastes. In addition, large volumes of infectious waste, including animal carcasses, are able to be 
processed in a relatively short period of time. However, incinerators on site at an institution, especially 
those that are certified to handle hazardous waste, are becoming less common. Institutions that do not 
have this resource available must work with waste removal companies to move hazards off site, which 
will involve local, state, and federal approvals and permits, as well as special packaging, labeling, and 
handling before physically removing biohazardous materials from the institution. It is important when 
using this method that prior to moving the materials, all infectious materials have been decontaminated 
or are packaged in an approved manner for transport. It is important that all documentation is generated 
and maintained related to shipping of infectious or biological waste to meet all applicable regulations 
for your area. Consult with EHS personnel and/or the biosafety officer to ensure that correct methods 
are used.

Depending on local resources and the types of agents that are being worked with, incineration may not 
be practical or necessary, so other methods of decontamination may be considered, including chemical 
methods and sterilization through autoclaving. Many institutions use autoclaving to decontaminate bed-
ding materials, excreta within cage units, and other forms of solid waste. Decontaminated solid waste 
can then, in most cases, be managed as general waste. It is important to work with the institution’s bio-
safety officer and EHS personnel to ensure that waste handling is appropriate before ultimate disposal. 
In addition, appropriate signage and procedures to follow in the event of an exposure while handling 
biohazardous waste should be easily located in the areas where hazard work is occurring.

Preventive Maintenance and Equipment Repair Programs

Animal facilities use many pieces of equipment that require routine preventive maintenance. Animal 
programs should evaluate the available resources within their institution to determine what aspects of the 
program can be handled internally, such as routine cleaning and basic maintenance. For many programs, 
outside service groups are required to maintain equipment. Service contracts should be considered to 
ensure that required maintenance is performed on a predetermined schedule, especially on large capital 
pieces of equipment, such as biological safety cabinets (BSCs), cage and rack washers, and autoclaves, 
as well as other minor pieces of equipment, such as surgical monitoring equipment, imaging equipment, 
and watering valves. Service contracts also can help with budgeting, in that general maintenance costs 
can be generally known in advance, and can help to decrease the frequency of unanticipated downtime 
for equipment. The frequency of maintenance will depend on the service being conducted, the age of 
the equipment, the frequency of use of the equipment, and the manufacturer’s guidance. The terms of 
the service contract will also depend on the location of the service provider in relation to the facility 
and how many pieces of equipment need to be maintained. It is important to include emergency service 
clauses in the contracts for heavily used equipment to ensure that essential equipment will be serviced 
in a timely manner.

Areas of special consideration for appropriate preventive maintenance are BSCs, animal change sta-
tions, and blowers for ventilated cage systems. All these types of units contain high-efficiency particulate 
air (HEPA) filters and are designed for varied protection against biological hazards, depending on the 
type of device that is being used. The HEPA filters can become loaded so that airflow cannot be main-
tained and thus need to be replaced. The function of these systems should be verified by an accredited 
technologist at installation and then recertified at least annually (NSF and ANSI 2004). Fume hoods 
provide needed protection from chemical hazards and should also be recertified annually to ensure 
appropriate negative airflow.

Maintaining Safety Equipment

The Guide requires that all safety equipment should be properly maintained and periodically validated 
to ensure that it is properly installed and operates correctly. Facilities should develop a defined schedule 
of maintenance for all safety equipment that is in compliance with specific guidelines and regulations. 
For all safety equipment, pathways to these emergency services should be checked on a weekly basis 
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for obstructions and cleared if they are found present. All persons that may need to use a safety device 
should be trained in the proper operation of the said device. All devices should be checked at least annu-
ally to ensure that they meet the applicable standards. In the next sections are common types of safety 
equipment that may be found within an animal facility.

Portable Fire Extinguishers

Portable fire extinguishers are governed by the National Fire Protection Association (NFPA 2013) and 
OSHA standards (OSHA 29 CFR 1910.157). Extinguishers should be maintained and charged by certi-
fied personnel and be labeled indicating when they were certified. All extinguishers should be inspected 
when placed into service and then inspected at least monthly via visual or electronic means to ensure 
that the extinguisher is located in the correct location, is not obstructed, is full, and is in good condi-
tion. Annually, all extinguishers should be manually checked to ensure that the units do not have obvi-
ous physical damage, do have all seals, and the attachments are appropriate. Depending on the type of 
extinguishers in your facility, additional testing may need to be performed in 3- to 6-year intervals. It is 
best to check with a certified individual to ensure that fire extinguishers are appropriately maintained.

Eyewash Stations and Safety Showers

Eyewash stations (Figure 26.13) and safety showers should be available in all areas of the facility, 
especially areas where chemicals are used, including cage wash. Eyewash stations can range from as 
simple as commercially available sterile eyewash bottles, to those that are gravity fed, and ultimately 
to those that are plumbed with tempered water. Please note that sterile eyewash bottles generally do 
not provide enough water to meet the required flushing time of approximately 15 minutes, and so 
alternative methods, such as a plumbed station, should be available for continued flushing after using 
this method for the initial flush procedure. It is also important to ensure that bottles are kept within 
their expiration date at all times. Regardless of the methods used in the facility, a weekly inspection of 
devices and applicable expiration dates is recommended by the American National Standards Institute 
(ANSI). For piped-in systems, such as eyewash stations, drench hoses, and safety showers, ANSI/ISEA 
Z358.1–2014 includes specifics related to flow of water, temperature of water, location of units, and 

FIGURE 26.13 Eyewash station with card for documenting when station was tested. (Photo by Michelle Wallace-Fields.)



626 Management of Animal Care and Use Programs in Research, Education, and Testing

other important design considerations to ensure proper function. In addition, it is recommended that all 
plumbed systems are activated weekly to ensure that they are not obstructed, operate properly (ANSI 
and ISEA 2014), and have proper water temperature, as well as to prevent stagnation of water and an 
accumulation of particulates.

First Aid Kits

First aid kits should be available for minor injuries within the facility and should be checked on a routine 
schedule, generally monthly, for expired items and to ensure appropriate levels of supplies are present. 
At a minimum, basic bandage materials to handle cuts and abrasions should be available. More extensive 
first aid kits will depend on the hazards present in the facility and should involve the institution’s occu-
pational health provider’s input. Staff should be appropriately trained to report all injuries and exposures 
that occur within the facility, as well as to complete appropriate documentation in accordance with their 
institution’s procedures for reporting work-related injuries.

Bite and Scratch Kits

All animal facilities should have a designated process for dealing with bites and scratches. The species 
housed in the facility and agents being used in research will impact the materials that are gathered and 
maintained for a bite and scratch kit, as well as the reporting requirements and actions to be taken when 
an exposure occurs. When working with species with zoonotic potential, such as macaques that may be 
positive for herpes B, it is essential that the protocol to follow when a bite or scratch occurs is developed 
in collaboration with the occupational health provider for the program. This will involve ensuring that 
employees are well trained to report the type of exposure so that appropriate medical attention can be 
provided as soon as possible.

Sharps Containers

Sharps containers should be placed near the vicinity of the work being performed. Sharps produce 
a physical hazard to personnel, and so containers should be prominently labeled, be leak and punc-
ture resistant, and be disposed of in a manner consistent with your institution’s waste management 
plan. Appropriate training and signage should be employed instructing personnel to either use safety 
sharps or to not recap needles. For noncontaminated glass, sturdy corrugated cardboard boxes may 
be used.

Compressed Gas Alarms

Compressed gas alarm regulations require that access to panels must remain clear and void of obstruc-
tion (NFPA 99–1999 edition, Section 4-3.1.2.3(d)) and the placement of panels is to be in the corridor 
or on the floor it services. This allows for the gases to be turned off in the event of an emergency from a 
local source. Chapter 9 of the NFPA 99–2005 edition states that “periodic testing procedure for nonflam-
mable medical gas and vacuum and related alarm systems shall be implemented and records of the tests 
for maintenance are kept until the next test is performed.”

Compressed Gas Cylinders

Gas cylinders should be secured at all times to prevent tipping and transported on carts with the caps on 
(Figure 26.14). If bulk storage of tanks is required, an appropriate location that meets the applicable local 
code should be designed. This could be inside or outside of the facility, but should allow for the cylinders 
to be secured away from sources of ignition or heat.
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Facility Administration

Animal Census

Determining how many animals a facility is taking care of, or the animal census of the facility, is an 
important aspect of the administration of an animal program. Determining animal census numbers can 
aid in calculating per diem charges, assigning work tasks, projecting the budget, allocating resources, 
allocating space for projects, and calculating the amount of assigned and unassigned space. It is also an 
important tool to monitor numbers of animals approved on protocols. In addition, the Guide and AWR 
dictate that IACUCs review and approve the number of animals required and that institutions track the 
use of animals used in research.

There are three primary methods to collect census information in a laboratory animal facility: bar 
coding, RFID technology (Figure 26.15), and hand counting of individual animals or cages. Each insti-
tution should determine which method works best for its programmatic needs and financial capabilities 
and at what frequency census should be performed. Of the three methods discussed, RFID is the least 
labor-intensive but most costly due to proprietary equipment and software. The RFID chip is placed 
either in the cage card holder or on an individual cage card and broadcasts signals that can be captured 
by static readers in the ceiling, a mobile reader on a cart, or a handheld reader. Bar coding is midlevel 

FIGURE 26.14 Example gas tank–securing device. This type of cart allows the tank to be easily moved as well. (Photo 
by Michelle Wallace-Fields.)
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in cost, as well as the amount of labor required, as each bar code must be individually scanned using a 
handheld reader. Hand counting is the most labor- and time-intensive, but least expensive, due to needing 
to ensure that each cage is checked for the proper research investigator, protocol number, and in some 
facilities, billing account number. Both RFID and bar coding are generally a component of a larger 
electronic inventory management system. Uses of both of these technologies are intended to streamline 
processes by virtually eliminating data entry errors, collect large amounts of data with little time and 
effort, and improve the way information is tracked (Lucid and Lepidi 2010).

Rate Setting

Many animal programs are required by their institutions to derive at least a portion of their operating 
budget by collecting funds for taking care of animals and performing services for research groups. The 
daily rate that is charged on a per cage or per animal basis is called a per diem rate. To calculate per diem 
rates, all costs related to the care of an animal in a defined type of situation should be added together, 
such as all mice housed in static cages and rats housed in ventilated cages. Costs that should be consid-
ered for inclusion in the per diem rate include space charges, personnel, utilities, food, bedding, equip-
ment purchase, equipment maintenance, and medical care. Once a total cost is determined, it should be 
divided by the total number of animals that you expect to care for, and again by the number of days of 
care anticipated over a period of time, such as a year. There are many ways to perform a cost analysis 

(a)

(b)

FIGURE 26.15 (See color insert.) Example methods to collect census and protocol information include (a) RFID tech-
nology, which can be placed into a cage card, and (b) bar-coded cage cards. Both require special scanning devices that can 
be uploaded into software programs. (Photo by Michelle Wallace-Fields.)
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and rate setting for an animal program. For those institutions that are receiving funds from the National 
Institutes of Health (NIH), the Office of Management and Budget (OMB) within the NIH issued Circular 
A-21. The circular is directed at educational institutions that are receiving NIH funding in the form of 
grants, contracts, and/or other agreements. It refers to the Cost Analysis and Rate Setting Manual for 
Animal Research Facilities (NCRR 2000), which focuses specifically on laboratory animal research 
facilities and has several examples on how to perform a cost analysis.

Animal Procurement

Obtaining animals for research requires verification that the species, strain, and number of animals to be 
obtained are approved on an active animal care and use protocol and funds are in place to support their 
care. Most institutions have a defined animal procurement program and strict animal ordering require-
ments. It is the responsibility of the institution to ensure that animals are procured lawfully following 
local, state, national, and international regulations and standards. Vendors should be evaluated by veteri-
nary staff on a routine basis to ensure the appropriate health status of their animals to enter the facility. 
The facility should also be prepared and capable of housing and managing the care for all species that 
will be procured in advance of the animals’ arrival.

Vendor Evaluation

There are typically three methods for procuring animals for research: (1) in-house breeding, (2) purchas-
ing from vendors or dealers that you have previously approved (routine sources), and (3) importing from 
other research institutions or vendors you have not previously approved (nonroutine sources). Animals 
should never be purchased from pet stores or pet distributors due to the unknown genetic makeup, origin 
of the animal, or health status. Obtaining animals from these sources increases the potential for intro-
ducing pathogens to the colony at large, or to personnel that care for them (Roble et al. 2012). Because 
the greatest risk of pathogen and parasite transmission is from the introduction of new animals into an 
established colony (Reuter and Dysko 2003), the facility veterinarian should be involved with the devel-
opment of guidelines and recommendations on the overall biosecurity program for the facility in order to 
minimize the risk associated with the introduction of new animals into a colony or facility.

When selecting vendors for all species, it is best to determine if the vendors are AAALAC International 
accredited, as this will indicate that a specific level of animal care has been established. Depending on 
the country, there may be additional regulatory or accrediting agencies and rules that a vendor would be 
required to follow. For example, in the United States, vendors that provide animals other than rats, mice, 
birds, and agricultural animals used for agricultural research are required to be licensed by the USDA 
as either a Class A or Class B vendor. Most USDA-covered species come from Class A vendors, which 
indicates that they are licensed breeders that produce “animals that are bred and raised on the premises 
in a closed or stable colony and those animals acquired for the sole purpose of maintaining or enhancing 
the breeding colony” and are commonly called purpose bred (CFR 2013). Because these are purpose-
bred animals, vendors should be able to provide routine health assessment and documentation regarding 
important information about the colony. Additional information that may be available and important for 
assessment of the animal is genetic screening and pathogen status. Some animals are procured via Class B 
vendors. Class B vendors are licensed by the USDA and indicate that the animals are not raised by the vendor, 
but instead are purchased and resold (AWR 2013). If a Class B vendor holds the animal for a period of time 
to ensure health status or treats the animal to ensure a specific health status, those animals are considered 
“conditioned.” Information regarding USDA license and registration holders is available through the USDA. 
You can verify USDA reports by visiting the USDA web page (https://www.aphis.usda.gov/aphis/home/).

Beginning in September 2015, newly funded NIH grants must procure cats and dogs from Class A dealers 
or other legal sources, such as privately owned colonies. Investigators with existing grants or funding from 
nonfederal sources are permitted to use Class B dealers (NIH 2013). Regardless of the source, the institution 
should check for unique animal IDs upon arrival. For Class B animals, animals should be checked for other 
indicators that the animal was previously a pet, such as by using a microchip scanner. If there is evidence 
that the animal may have been a pet, measures to confirm ownership should be taken (NRC 2011).

https://www.aphis.usda.gov
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If utilizing fish, amphibians, or reptiles in research, consult the appropriate government offices where 
the facility is located. For example, in the United States, the Fish and Wildlife Service should be con-
tacted to help identify the status of threatened or endangered species animal populations that may be 
required for research. In Europe, the European Union habitats (European Union Habitat Directive 
1992) and birds (European Union Bird Directive 2009) directives should be consulted. The Zebrafish 
International Resource Center (ZIRC) maintains a listing of stockfish that it carries that are bred specifi-
cally for research.

Additional verification of a vendor’s status should include ensuring that the vendor’s program for 
animal health and biosecurity conforms to the program’s needs. Vendors should be able to provide the 
facility with a list of pathogens that they test for on a routine basis, the method they use (serology, poly-
merase chain reaction [PCR], or direct examination), and the frequency with which they are tested. It is 
important to compare this information to the list of pathogens that you exclude from your facility and 
make a determination of whether animals from this source will be accepted directly into the facilities 
animal colonies or will require quarantine or rederivation. This decision will be dependent on the species 
of animal that is being worked with and the resources available at the institution.

Procuring Animals from Nonroutine Sources

Due to the increased popularity of genetically modified animals and increasing cross-institutional col-
laborations, facilities are routinely asked to procure animals from nonroutine sources, such as universities, 
private research foundations, biotech companies, or vendors that have not been previously approved by the 
veterinary staff. Because the pathogen status of nonroutine sources is often unknown, does not have a suf-
ficient history, or is unreliable, appropriate quarantine and biosecurity protocols should be employed when 
receiving animals from these sources. A veterinarian should oversee the program and perform a risk analy-
sis of each shipment from nonroutine sources. Recent health status reports, generally from the previous 
year, should be reviewed. In addition, standardized questionnaires are helpful in ensuring that consistent 
information is captured for each shipment. Animals that do not meet the institution’s health requirements 
should be refused, be rederived, or undergo an enhanced quarantine procedure, such as targeted testing 
of the animals prior to shipment and/or additional testing and monitoring once received at the institution.

Management of Quarantine

Because most institutions are dealing with limited space, it is not unusual for multiple groups of animals 
to undergo quarantine at the same time. Careful consideration of housing and handling of animals and 
equipment should be employed to prevent cross-contamination. If at all possible, animals from differ-
ent shipments should be isolated from one another either at the room level, in isolation cubicles, or by 
employing specific traffic patterns in the room and aseptic technique. It is important to move through 
husbandry procedures by working with the veterinary staff to work from the lowest-risk animals to the 
highest-risk animals. Strict biosecurity protocols of changing gloves and cleaning work space in between 
quarantine groups should also be employed. Other considerations should include whether research staff 
will be allowed in quarantine areas and whether breeding and other research-related procedures should 
be limited due to space or biosecurity concerns.

It is vital that some level of documentation regarding which cohort the animals arrived with is main-
tained with the animals at the cage level in order to avoid mistakes. This could be accomplished by iden-
tifying individual quarantine groups by utilizing visual cues such as colored cage cards, special stickers, 
unique images, or numbers.

Management of Aquatic Animal Quarantine

Importing and/or quarantining of aquatic animals should employ precautions similar to those of terres-
trial species. Animals should be placed in conditioned tanks that are isolated from the general popula-
tion, ideally in a separate room in either isolation tanks or on a quarantine rack that receives water from 
the centralized system but does not send the water to be recirculated. This is especially important if the 
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facility employs the use of a recirculating system to house colony animals, as that could result in con-
taminating the entire colony through the water system. The veterinarian should determine the length of 
time that animals should be placed on the rack and the conditions under which they can be placed with 
the regular population based on the pathogens that are of concern. For example, with zebrafish, it is ideal 
for adults to remain on the quarantine rack and only fry produced from washed embryos to be introduced 
onto a centralized life-support system. As with all quarantine systems, since the health status of quaran-
tined animals is unknown, staff should be directed to work with existing colonies prior to working with 
colonies of unknown health status.

Receiving Animals

When receiving animals, it is important that the facility has procedures in place to maintain the health 
and pathogen status of incoming animals. This includes using an area that allows for the safe receipt of 
animals that is environmentally controlled, away from the public, and easily decontaminated. Facilities 
should ensure that routine source vendors are using vehicles that are decontaminated after each use, and 
that they are following protocols for the packaging, handling, and transport of the animals that prevent 
contamination during shipment. Nonroutine source shipments may arrive via transport that is not dedi-
cated to animal shipments, but the same level of packaging, handling, and transport of animals to prevent 
contamination should be employed. Shipping containers for all species should be built to withstand the 
rigors of transport (Orcutt et al. 2001), have appropriate openings that support ventilation, and ensure 
that animals have access to both feed and water sources during transport. For animals that require a 
restricted pathogen status, the use of filtered coverings on the openings should be used to prevent expo-
sure to pathogens during transport.

Upon receipt, the exterior of shipping containers should be disinfected prior to opening to prevent the 
spread of pathogens that may have been picked up on the outside of the container during transport (NRC 
2006). Disinfectants should be chosen in consultation with the veterinary staff to ensure that they are 
safe to use around the species being received and effective against the pathogens of concern. Containers 
should be examined for damage upon arrival, and any breaks in integrity should be documented (Figure 
26.16). Animals with specific pathogen-free status or that are immunocompromised may be particularly 
impacted, and the veterinary staff should be notified to assess whether animals will still be useful to 
research studies. Once the exterior of the shipping container has been determined to be intact and has 
been decontaminated, gloves should be changed after opening, but before handling the animals. When 
working with small animals, a dual system may be employed to decrease the chance of contaminating 
the animals with pathogens on the outside of the shipping container. In this situation, one person opens 
the shipping container, and a second, with clean gloves, handles and houses the animals, being careful 
not to touch the outside of the container (Figure 26.17).

FIGURE 26.16 When receiving animals, containers should be examined for damage. Any breaks should be documented 
and reported to the veterinary staff to determine the possible impact on the biosecurity of the facility. (Photo by Michelle 
Wallace-Fields.)
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As part of the housing procedure, it is important to document the number, sex, and other characteris-
tics of the animals received. In addition, it is important to note if any animals appear sick or are found 
dead and immediately contact the veterinary staff to provide care or determine the cause of death. 
Oftentimes, vendors will replace sick or dead animals but require notification within a specific number 
of days after receiving the delivery in order to process the request for replacement animals. In addition, 
depending on the species involved, the circumstances, where the animals came from, and where the 
facility is located, death of animals during transport may require a report to a regulatory oversight body 
by either the facility, the vendor, or the party that transported the animal (NRC 2006). Once animals 
are received, they should, according to institutional policy, be quarantined or released into the general 
housing and allowed an appropriate acclimation period to allow homeostasis to develop (Obernier and 
Baldwin 2006; Fernstrom et al. 2008).

Transport

Interinstitutional Transport

At times, facilities need to send animals to other research institutions. The transportation of research 
animals may be covered by several different regulations, policies, or international treaties, depending 
on what species is being transported and to where (NRC 2006; IATA Live Animal Regulations). As 
regulations vary from area to area and can change without notice, it is best to check the regulations that 
pertain to the sending and receiving facilities to ensure compliance. Commercial shipping companies 
that specialize in the transport of research animals may be able to assist by providing information on 
what approvals and paperwork will be required in advance of shipping.

The Guide for the Care and Use of Laboratory Animals, Eighth Edition recommends that institutions 
consider the following prior to the shipment of research animals:

• Animal safety and well-being

• Appropriate level of biosecurity

• Minimization of zoonosis

• Microenvironment needs are met (feed, water, and temperature)

FIGURE 26.17 Dual system for housing rodents. One person handles the outside of the container only and opens the lid, 
while the second person only touches the inside contents to house the animals. (Photo by Michelle Wallace-Fields.)
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• Outside factors like noise

• Fluctuations in temperature

• Direct exposure to sunlight is minimized or managed

• Animals are housed for transport in the proper size carrier or container

• Animals are not overcrowded and have proper space for species-specific behaviors

• No physical, mental, or psychological trauma ensues

When shipping, transporting, and/or receiving animals, ensure that all applicable regulations and 
guidelines are followed and that all regulations pertaining to record retention are followed. In most 
cases, documentation should be retained for at least 3 years, and multiple copies may be helpful in the 
event that one agency removes critical paperwork.

Intrainstitutional Transport

If the animal program allows the movement of animals from one physical location to another within the 
same institution, such as between facilities or to laboratories, SOPs and institutional policies should be 
developed in conjunction with the facility management, veterinary staff, and IACUC. The reasons for 
ensuring that the movement of animals occurs appropriately include that animals of different health sta-
tuses are not intermingled, the sentinel health history of a room accurately reflects the animals housed, 
and the movement of potentially infected cages can be tracked in the event of an outbreak, as well as 
ensuring animal well-being and personnel and general public safety. Consideration should be given 
to the appropriate length of time the animals can be in transit; what container is best suited for transit 
to protect both the animal and the public, from a biosecurity and a visual standpoint; and what routes 
should be used. For small animals, because caging can be a significant investment, as well as a bios-
ecurity hazard when returned to the main facility, many institutions provide disposable containers for 
transport out of the facility to laboratory spaces (Figure 26.18). When deciding on alternative containers 
for small animals, it is important to consider the following: the species being transported, the number 
of animals, the distance or length of time of the transport, the housing in the laboratory posttransport, 
the ability of the material to absorb urine, access to food and water, and the ability to shield the animals 
from public view. Some institutions use a combination of disposable transport containers for short-term 
experiments and disposable cages (Figure 26.19) for longer housing in the laboratory if the transport 
containers are not able to provide sufficient space, keep the animals dry, or allow for access to food and/
or water for the period of time that the animal will be temporarily housed in the laboratory. These deci-
sions should be made in conjunction with the IACUC. It is best if the institution develops a transportation 

FIGURE 26.18 Examples of disposable transport containers used for intrainstitutional transport. (Photo by Michelle 
Wallace-Fields.)
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policy for the animal program that addresses all the guidelines and applicable regulatory requirements. 
In addition, it is important to consider how animals will be shielded from view of the public and how 
occupational health and safety considerations will be addressed for situations such as rodent allergens 
and potential zoonotic diseases (e.g., Q fever) when animals are moved.

When moving animals between institutions, facilities, or even between rooms within the same facility, 
it is important that the animal be given time to acclimate to its new housing environment. Studies suggest 
anywhere from 2 to 5 days for animals to acclimate after being transported, as well as to allow for water 
and food consumption to normalize (Tuli et al. 1995; Conour et al. 2006). Therefore, the research staff, 
veterinarians, and IACUC should carefully consider the length of acclimation periods to be included 
in policies on a per species and research-type basis to ensure that animals are given adequate time to 
normalize prior to use.

Emerging Technologies

Laboratory animal management staff should always be on the alert for technologies that can help to 
enhance animal welfare, enhance ergonomics and employee health, increase customer service, and make 
operations more efficient and cost-effective. RFID chips are becoming more common in animal facilities 
for not only census and billing, but also for tracking of caging and supplies so that real-time inventories 
can be more easily performed. The use of the Internet and web-based applications that can be accessed 
through a smartphone or tablet computer will allow for greater communication between facility person-
nel and research staff, as well as reduce paperwork by allowing direct input of information into systems. 
Apps and social media may also be leveraged for performing functions like training and communica-
tion. In all cases, when using electronic systems it is important to ensure that the institution’s information 
technology office is involved to ensure that appropriate digital safety and security methods are employed. 
Automation will become more prevalent in areas such as cage changing and cage wash processing to help 
decrease ergonomic injuries (Glass et al. 2004; Gobbi 2009; University of California Ergonomics Team 
2014). Ultimately, those involved with the management of animal research programs should look not only 
within the laboratory animal science community, but across all industries, to learn how to best employ 
emerging technologies to enhance the functionality of their facilities.
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Feed and Bedding

Ronald L. Carter and Neil S. Lipman

Introduction

Providing for an animal’s nutritional needs, as well as an appropriate environment to reside, is the cor-
nerstone of animal husbandry. Feed and bedding can directly influence experimental outcomes, as their 
chemical and physical characteristics can affect the animal’s physiology (Baker and Lipman 2015). The 
production and subsequent handling of feed and bedding, whether by the manufacturer or distributor, 
and continuing within the animal facility, can also affect the quality of the product in use. The selection, 
management, and provision of high-quality feed and bedding is essential to ensure the health and welfare 
of the animals and the integrity of the results obtained from them.

In this chapter, feed and bedding are reviewed separately. The importance of, and the methods by 
which, feed and bedding are selected and their impact on research are discussed. Processing, handling, 
and storage of feed and bedding is also reviewed. The reader is provided an overview of the concepts 
relevant to selecting and managing feed and bedding in the laboratory animal setting. As the scope of 
this topic is broad, the reader should consult the references for additional information.

Feed

The provision of high-quality feed to animals is essential to meet their physiologic needs, specifically 
growth, maintenance, and reproduction. There are numerous products, which differ in nutrient content, 
available in various formulations from a variety of feed manufacturers (Fox and Newberne 1980). A 
primary directive when formulating feed is to ensure sufficient content of the six classes of nutrients: 
water, carbohydrates, fats (lipids), proteins, minerals, and vitamins. While all animals require each of 
the six classes of nutrients, some species may require higher levels of specific nutrients than others. 
Additionally, nutrients are considered either essential or nonessential. Essential nutrients are those that 
an animal cannot synthesize or cannot synthesize in sufficient quantities to maintain health and must be 
obtained from an external source, that is, in the diet. It is important to recognize, when selecting a diet, 
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that a particular nutrient may be essential (i.e., necessary in the diet or otherwise provided) for some spe-
cies but not for others. Nonessential nutrients are those nutrients that can be produced by the animal or 
its microbial flora and are not a dietary requirement. Examples of nutrient categories are provided in the 
following paragraphs, with select examples of species that have species-specific nutrient requirements.

Fiber, a complex carbohydrate, provides bulk for the contents of the digestive tract and is important 
for efficient and effective digestion in most laboratory animal species, particularly rabbits, guinea pigs, 
some species of nonhuman primates, and ruminants. These species should be fed a high-fiber diet to 
ensure proper gastrointestinal (GI) physiology and to avoid GI obstruction. Vitamins are needed in small 
amounts to maintain health. Some vitamins may be produced in the body, but not in sufficient quantities. 
These vitamins must be supplied in the diet. For example, vitamin C cannot be synthesized by guinea 
pigs and some nonhuman primate species. These species are dependent on receiving their vitamin C 
requirement in their feed or, less commonly, in their water, or through the provision of dietary supple-
ments, for example, fruit; therefore, their diets are specially formulated to include vitamin C, without 
which they may develop scurvy. Vitamin D is supplied to laboratory animals, in the form of cholecalcif-
erol (D3), in their feed, although the absolute requirement for vitamin D is unknown for many species. 
Some nonhuman primate species, if not exposed to ultraviolet (sun) light, require vitamin D3 in their diet 
to help prevent rickets, as they cannot utilize vitamin D2 to meet their needs. Amino acids, the building 
blocks of proteins, are needed to carry out many important bodily functions. The amino acid taurine 
is essential for cats but not for other species. For this reason, cat foods are supplemented with taurine 
to avoid a deficiency that may lead to blindness and tooth decay. The primary functions of fats are to 
supply and store energy. High-fat diets (up to 11%) are at times used as a response to increased neonatal 
morbidity and mortality, or to support breeding in rodents, because their higher energy content can help 
the animal meet the energy demands of gestation and lactation. Minerals, in the appropriate ratios, are 
necessary to maintain normal physiology. A mineral deficiency or the provision of minerals in an inap-
propriate ratio can lead to disease. For example, a diet deficient in calcium can lead to rickets in young 
animals of many species, or in mature animals to osteoporosis, a disease in which the bones are fragile, 
making them susceptible to fracture.

Subcommittees of the National Research Council Committee on Animal Nutrition have prepared com-
prehensive reports for the nutrient requirements of commonly used laboratory animal species (NRC 1977, 
1982, 1993, 1994, 1995, 1998, 2000, 2001, 2003a, 2003b, 2006a, 2006b, 2007); these publications also 
include information on quality assurance, contaminants and toxicants, bioavailability, and palatability.

Formulas and Types

Most laboratory diets are natural ingredients and nutritionally complete. Natural-ingredient diets are 
formulated from agricultural- and/or animal-based ingredients, such as processed whole grains and fish 
meal, and commodities subjected to limited refinement. Formulations of natural-ingredient diets differ 
depending on the species to which they are fed. Even within a species, there may be different formula-
tions depending on the animals’ use. For example, there are many formulations of rodent diets, differing 
principally with respect to protein and fat concentration for breeding versus nonbreeding animals and 
for growth and maintenance.

Most natural-ingredient diets are “closed” formula, in which the individual components of the diet 
are proprietary and are not specified by the manufacturer, although a guaranteed analysis is provided, 
including a list of ingredients and nutrients with their calculated values. The diet’s ingredients may 
change in association with commodity prices or availability. Closed-formula diets typically contain 
ingredients such as ground corn, ground oats, alfalfa meal, soybean meal, and ground wheat. Vitamins, 
minerals, and fat are added to ensure nutritional adequacy. Categories of closed-formula diets include 
least-cost, fixed, and variable formula diets.

Least-cost formula is the practice of substituting one ingredient in a diet with a lower-cost ingredient 
at any given time, to be cost-effective. Of the various types of closed-formula diets, least cost introduces 
the most variables due to the possibility of constant and broad change in the diet’s ingredients.

Fixed formula ensures the ingredient formulation does not change, unless the formula itself is updated 
by the manufacturer to change nutritional content. It is important to note that since the nutritional content 
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of the dietary constituent can naturally vary with harvest location and across growing seasons, there will 
be some variability from batch to batch in a fixed formula diet.

The goal of a variable formula is to maintain the concentrations of known nutrients in the diet in 
response to the naturally changing nutritional content of the ingredients. The formula is altered as ingre-
dients are assayed to ensure the diet remains nutritionally stable across batches (Knapka 1997). Variable 
formula diets, although likely to be more stable with regard to nutritional content than least-cost and 
fixed formula diets, may still vary over time, as the ingredients used do differ from place to place and 
season to season.

Although less commonly utilized, “open”-formula diets are manufactured in accordance with an 
established known ingredient formulation that is known to the purchaser. Open-formula diets were 
generated to reduce diet as a variable and may be natural ingredient, but most commonly are puri-
fied diets. For example, in the 1970s, the American Institute of Nutrition (AIN) initiated a program 
to standardize laboratory animal diets, formed a committee, and designed the open-formula AIN-76 
rodent diet to be used as a standard reference diet in an effort to reduce some variability. AIN-76A 
was revised and improved in 1993, and two new formulations were derived: AIN-93G for growth, 
pregnancy, and lactation, and AIN-93M for adult maintenance. Open-formula diets offer certain 
advantages, including, but not limited to, the following: their quantitative ingredient formulations are 
available to the user, they facilitate control of potential research variables, they allow for repeatability 
in research, and the diets can be purchased from multiple vendors, encouraging competitive and qual-
ity incentives (Barnard et al. 2009).

Purified diets, also referred to as semisynthetic diets, are open-formula diets produced from purified 
components, such as carbohydrates (e.g., starch or sucrose), purified sources of protein (e.g., lactalbumin 
and casein), refined oils, and synthetic vitamins and minerals. Purified diets are typically used when 
altering the nutritional content of the diet or when compounding with additives. Purified diets allow for 
complete ingredient control. Specific ingredients can be added or excluded. The nutritional content of 
a purified diet is highly stable from batch to batch, as the specific ingredients and amounts of each are 
known. Purified diets are considerably more expensive than natural-ingredient diets.

Chemically defined diets are formulated from chemically pure nutrients, for example, specific carbo-
hydrates, triglycerides, individual amino acids, essential fatty acids, vitamins, and minerals. Chemically 
defined diets are generally utilized when altering a specific nutritional dietary component. They are 
extremely expensive and highly labile.

It is important to note that natural-ingredient diets vary greatly from purified and chemically defined 
diets, and while each has its own advantages; it is not feasible to compare results when a natural-
ingredient diet is used for a control study for cost savings, and a purified or chemically defined diet is 
used for the test diet.

Certified diets are natural-ingredient diets produced to meet the requirements of the governmental 
good laboratory practice (GLP) standards, requiring periodic feed analysis for environmental contami-
nants that may interfere with research studies (CFR 2004; EU 2004; OECD 2011). Feed samples are 
analyzed and certified to contain no more than the established maximum level of environmental con-
taminants, including heavy metals, chlorinated hydrocarbons, organophosphates, and aflatoxins. Many 
contaminants are found naturally in plant materials or are agricultural residues. Diets may also be con-
taminated during storage or formulation. A batch-specific certificate of analysis with a guarantee that 
the contaminants do not exceed the acceptable maximum limits is provided with the diet. For preclinical 
toxicology studies required to meet GLP standards, sufficient diet is commonly procured to ensure that 
the animals are fed diet from a single batch for the duration of the study.

Medicated and compounded diets have drugs or other chemicals added. They are routinely used in 
research facilities housing rodents. Many compounded diets are available “off the shelf” from com-
mercial suppliers. Examples of medicated diets include feed containing the anthelmintic fenbendazole, 
as well as several antibiotics, including trimethoprim/sulfamethoxazole and doxycycline. Fenbendazole 
feed is commonly employed to treat mice for nematodes (e.g., Syphacia and Aspiculuris spp.), trimethoprim/ 
sulfamethoxazole-compounded feed is used to control pneumocystosis in immunodeficient mouse strains, 
and doxycycline-containing feed is used to induce or inhibit transcription in conditional transgenic mice 
that contain components of the tetracycline transactivator system (Coghlan et al. 1993; Lewandoski 
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2001; Ryding et al. 2001). Compounded feed is manufactured in special manufacturing plants, distinct 
from those used to produce other diet types, to ensure there is no carryover of the added compound to 
noncompounded feed. Compounded feed can be manufactured using distinct dyes, permitting the diet to 
be differentiated from standard diets. Feed can also be pigmented with a small amount of a Food, Drug, 
and Cosmetic Act (FD&C) food color to distinguish different diets. Diets can also be compounded with 
various additives for specific needs. For example, at the authors’ institution, feed compounded with vita-
min E is used to treat ulcerative dermatitis in C57BL/6 (B6) mice and genetically engineered mice on a 
B6 background (Lawson et al. 2003). Medicated and compounded diets may have a shorter shelf life, as 
indicated by the manufacturer.

The majority of diets provided to rodents, and therefore used in animal research, are pelleted 
(Figure 27.1a and b), which provides the densest and highest energy content per unit weight, allowing 
efficient delivery. The effect of the pelleting process prevents ingredient separation during handling and 
feeding, minimizes waste, and decreases the need for storage space. Pelleting involves mixing, grind-
ing, and exposing various dietary constituents, such as proteins, fibers, and minerals, to steam (typi-
cally 65°C–80°C); compressing the conditioned ingredients into a die through which the meal is forced, 
expelled, and cut to the desired pellet length; conveying the meal to a dryer, which reduces moisture 
content to levels that impede microbial growth, permitting a relatively long shelf life; and cooling and 
sieving before packaging (Tobin et al. 2007). Since pelleting subjects feed constituents to heat and pres-
sure and then rapid cooling, the bacterial and fungal loads that may be found in unprocessed ingredients 
are reduced (Halls and Tallentire 1978). Pelleting ensures formulation stability, allows easy verification 
of animal access to feed, is dustless and prevents inhalation, and in rodents, provides a hard substrate to 
“wear” down incisors.

Extruded diet (Figure  27.1c and d) is produced by extrusion, a process in which ingredients are 
exposed to high heat and pressure. Initially, the feed is prepared as it is for pelleting; however, the ingre-
dients are more finely ground, increasing gelatinization of starch. Dietary constituents are conditioned at 
~80°C–95°C before being exposed to a temperature of ~150°C under high pressure when forced through 
the die. During the process, the material moves from an area of high pressure to one of lower pressure, 
in which superheated water vapor, trapped in the feed, cools and begins to expand and pop, introduc-
ing and trapping air into the feed, producing a product less dense than a typical pellet. The resulting 

(a) (b) (c)

(d) (e) (f )

FIGURE 27.1 Various feed forms: (a) pellet (rodent), (b) pellet (rabbit), (c) extruded collet (nonhuman primate), 
(d) extruded collet (dog), (e) meal, and (f) powdered. (Courtesy of Envigo [a–d] and PMI LabDiet [f].)
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collet (extruded pellet) is cut, dried, cooled, and sieved to remove fines (Tobin et al. 2007). Because 
extruded diets are produced at higher temperatures than pelleted diets, the microbiologic burden is 
less. Extruded diet is typically used for larger species, such as nonhuman primates, canine, and swine. 
While extruded diets are commonly fed to rodents in Europe, extruded rodent diets are infrequently fed 
to rodents in the United States, principally because of their low density and cost. Many of the advantages 
of pelleting also apply to extruded feeds, such as formulation stability, easy verification of animal access, 
and being dustless. Additional advantages of extruded diets are the ability to add high levels of fat to the 
diet, the diet is more digestible, and it performs better following autoclaving, with little to no clumping 
or excessive hardening, which commonly occurs when a pelleted diet is subjected to steam sterilization. 
However, extruded feeds are more expensive to manufacture and, being less dense, need to be fed more 
often and require more space for storage.

Meal diets (Figure 27.1e) consist of ground ingredients that are mixed together with no further pro-
cessing, that is, pelleting or extrusion. Microbiologic levels are much higher than those found in pel-
leted or extruded feed due to the lack of heat used during processing, making meal more susceptible to 
rancidity and insect infestation (Eva and Rickett 1983). If the ingredients in the meal are different-sized 
particles, segregation of ingredients can occur. Also, some species may be able to isolate the particles 
they prefer, leaving the others behind, thus negating a “balanced” diet. Feeding meal mixes generally 
require the use of a container, such as a jar, trough, or tub.

Powdered or ground diet (Figure 27.1f) is a pelleted or extruded diet that is ground to a powder after 
production. Powdered diets are commonly used when needing to provide additives after formulation. 
However, waste is high with powdered diets, and caking commonly occurs when exposed to the micro-
environment. Powdered diet requires special feeders, which can easily tip, spilling the feed, which is sub-
sequently soiled with urine, feces, or saliva. Due to its considerably greater surface area, powdered diets 
can spoil much easier than pellets and can separate. Some powdered diets are formulated to be suspended 
in water. These liquid diets are uncommon and are most often used for alcohol studies or postsurgical 
recovery. The diet has to be prepared more often and needs to be monitored. Once in solution, the stabil-
ity of nutrients is significantly shorted.

Autoclavable diets, which are formulated to be sterilized prior to provision, are enriched with heat-
labile nutrients, including thiamin, vitamins A, B12 and E, pantothenic acid, and pyridoxine, whose con-
centrations are reduced during the autoclaving process. Steam autoclaving at 121°C for 15–20 minutes 
is frequently recommended for diet sterilization. Some diet formulations may be adversely affected at 
this temperature, and pasteurization is used in lieu of sterilization. Pasteurization is typically achieved 
by exposure to a temperature of 107°C for 15–20 minutes in an autoclave (Caulfield et al. 2008). Slightly 
lower temperatures and durations can be used to pasteurize with decreasing effects on the nutritional 
and microbial content of the diet (Faith and Hessler 2006). Unlike sterilization, pasteurization does not 
kill all microorganisms in the diet, but instead achieves a “log reduction” in the number of viable organ-
isms. Autoclavable pelleted diets may be coated with silicon dioxide or calcium bentonite to reduce 
the likelihood of clumping and adherence, which occurs as a result of pellet swelling during steam 
sterilization. To avoid clumping postautoclaving, feed may be decanted into bags with additional space 
to accommodate swelling, or it may be sterilized on trays at a depth of ~3 inches. Sterilization and 
pasteurization cycles must be developed and verified to ensure the sterility or microbial load reduction 
of the feed. Pulsed vacuum sterilization, which removes air from the autoclave chamber, is preferred 
to ensure adequate steam penetration when autoclaving feed in the manufacturer’s original packing 
materials (bag). Feed subjected to excessive sterilization may be depleted of essential nutrients and the 
protein quality may be reduced, but more likely it may become too hard—a result of the polymerization 
of select feed constituents—for some rodent strains to eat (Ford 1987). Validation of autoclave cycles 
poststerilization for sterility or postpasteurization for desired microbial reduction is recommended on a 
regular basis. Additional postautoclaving monitoring should include assurance that appropriate levels of 
heat-labile constituents are provided at suitable levels (Lipman 2007). Access to mass spectroscopy and 
other technologies is available to evaluate feed for contaminants if contamination is expected.

Gamma-irradiated diets have become commonplace and have replaced the use of autoclaved diets in 
many settings, as they require less processing after receipt and are not subject to the effects of heat and 
temperature that result from autoclaving. Most feed producers subject irradiated diet to between 10 and 
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40 kGy (1 and 4 Mrad) by exposing the bags to a cobalt source or electron beam. As feed bags are pallet-
ized and then irradiated, irradiation exposure differs, depending on a specific bag’s location within the 
load or even among pellets or collets in a single bag. The irradiation dose is stated as the minimal dose 
exposure. Some diets will be exposed to greater amounts of irradiation. Although irradiated feed is not 
purported to be sterile, bacterial (cells and spores) and fungal loads are markedly reduced, to less than 
100 bacteria or fungi per gram of feed (Cover and Belcher 1992). This is in contrast to standard diets 
whose bacterial loads fluctuate seasonally and can reach levels as high as 500,000 total bacteria per gram 
of feed. Irradiation is purported to be ineffective against some viruses, for example, mouse parvovirus 
(MPV), as the exposure dose is insufficient (W. Shek, personal communication, 2004; Lipman 2007); 
however, some laboratory animal veterinarians affirm that sporadic parvovirus outbreaks can be elimi-
nated by using irradiated diet. In contrast to steam sterilization, irradiation has much less of an effect on 
nutritional quality. Irradiated and fortified autoclavable diets are commonly used for axenic and micro-
biologically defined rodents, and immunodeficient animals (NRC 2011).

Various soft and/or moist diets are commercially available. These are commonly available for dogs 
and cats. In rodents, they are used at weaning to ease the transition from lactation to a solid diet; at 
postsurgery to hasten recovery; to improve the nutrition of animals subject to the effects of experimental 
manipulation; for select mutants, such as those with dental deformities, that have difficulty ingesting 
hard feed; for animals having difficulty ambulating; and during shipping.

Supplemental fiber is frequently provided to ruminants, as well as rabbits and guinea pigs, in addition 
to a balanced commercial diet. Common plants used include timothy and alfalfa hay. Hay should be of 
good quality, contain few thick tough stems and weeds, and have no mold or dust. Irradiated, cubed hay 
is commercially available to provide a product free of parasites and microorganisms.

Live feed may be used for certain species, such as fish, amphibians, and reptiles. Examples of live 
feed include brine shrimp larvae, rotifers, paramecia, algae, protozoa, drosophila, crickets, waxworms, 
and mealworms. Some reptiles need live feed to be supplemented with a balanced commercial diet or 
calcium powder, augmented with vitamin D3 to assist in absorbing the calcium, sprinkled onto live prey 
at feeding time. Live feed is highly perishable and requires on-site equipment and processes to maintain 
daily production of rations. Standardized timing for collection of live feed ensures that the highest nutri-
tional value is provided. If sourcing a live product, it is imperative to have a reliable vendor for procure-
ment to avoid inconsistencies (e.g., hatching rates). Additionally, the nutritional values of various types of 
live feed differ and must be taken into account when selecting the type to be used for a particular species.

Flaked or dry diets are available and used for certain aquatics species. Generally, flaked diets are 
used for convenience and efficiency in large colonies, for example, zebrafish. Nutritional superiority of 
flaked or dry over live feed for aquatics species is under debate, although many facilities use a mixture 
of both live and flaked diets to ensure a nutritionally complete diet for the various stages of development 
(Lawrence et al. 2012). One advantage of flaked or dry feed is the ability to prevent the introduction of 
unwanted pathogens by treating the product with gamma-irradiation.

Influence of Feed on Experimental Results

A fundamental goal in scientific research is to eliminate variables. There are important considerations 
in choosing the right diet for an experiment. When deciding on what type of diet to use, it is best to 
look in the literature to see what diet has been used in similar studies. Additionally, food provided as 
enrichment should be factored into the overall caloric intake to ensure adequate nutrition and prevent 
undesired health or experimental effects. Feed constituents and formulations serve as research vari-
ables and, in specific research areas, require the use of purified and chemically refined diets. Some con-
taminants, such as heavy metals, including arsenic, cadmium, lead, and mercury, and pesticides, may 
be introduced from the environment. Phytoestrogens, although not necessarily negative in all circum-
stances, are a well-known example of a naturally occurring compound in plants that have estrogenic 
activity and which can interfere with behavior, reproduction, bone development, and metabolic activity. 
Therefore, feed manufacturers are producing diets that avoid protein sources known to contain isofla-
vones (Allred et al. 2001; Ju et al. 2001, 2002; Thigpen et al. 2001, 2002, 2003). The main subclasses 
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of phytoestrogens found in ingredients used in research diets are isoflavones (found in soybean meal), 
coumestans (found in alfalfa), and lignans (mainly associated with plant fibers) (Tobin et al. 2007). To 
date, numerous studies in animals leave little doubt that isoflavones affect a variety of experimental 
endpoints (Baker and Lipman 2015). For example, rodents consuming isoflavones have been noted to 
have fewer tumors and/or a delay in tumor development in mammary, liver, colon, and prostate cancer 
(Leiter 2009). Although experimental results may vary depending on many factors, the evidence for 
isoflavones’ role in cancer is mounting and must not be dismissed as insignificant in cancer research 
(Leiter 2009). Phytoestrogens have been reported to cause reproductive problems, including impaired 
ovarian function and reduced fecundity, in sheep and cattle (Adams 1995). Diets containing alfalfa, 
which fluoresce naturally, can affect image quality when performing fluorescence optical imaging 
(Inoue et al. 2008). Therefore, alfalfa-free imaging diets are available for rodents. Many other studies 
describe the experimental impact of various dietary constituents. It is impossible to know which yet-to-
be-discovered compounds may have such an effect. Additionally, as noted earlier, even closed-formula 
diets cannot be exactly replicated batch after batch to ensure complete nutritional consistency. At the 
very least, the concept of feed as a variable in most research should be taken into account when plan-
ning studies.

Bedding

Bedding is an integral component of the husbandry provided to most terrestrial species. It is used to 
absorb, dilute, and/or limit the animal’s contact with its excreta, and is used for nest building; provides 
insulation and therefore allows the animal to thermoregulate; can serve to provide environmental 
enrichment; minimizes the growth of microorganisms; and in some cases, reduces the accumulation 
of intracage ammonia (Perkins and Lipman 1995; Smith et al. 2004). Importantly, bedding can also 
influence experimental data. A variety of materials are utilized as both contact and noncontact bed-
ding. By definition, contact bedding that which the animals have direct contact. Noncontact bedding 
is typically provided as a sheet or on a roll, lining a pan or cage, and does not typically come into 
physical contact with the animal; rather, it sits below a rack or cage to collect and absorb urine and 
feces. Bedding selection should be based on a variety of factors, the most important of which are ani-
mal preference and materials that minimally interfere with the investigations for which the animals 
are used. For example, mice exhibit a preference for large fibrous materials that they can manipulate 
and use to build a nest (Blom et al. 1996; Van de Weerd et al. 1997). Bedding that enables burrowing 
is encouraged for some species, such as mice and hamsters. Pigs naturally forage and explore, even 
if there are no obvious stimuli (Wood-Gush et al. 1993), so if bedding is provided, it should be of 
a nature that encourages and satisfies that behavior (Bollen and Ritskes-Hoiinga 2007). No type of 
bedding is ideal for all species under all management and experimental conditions. For example, in 
nude or hairless mice that lack eyelashes, fibers from some forms of cellulose bedding can result in 
periorbital abscesses (White et al. 2008). Vendors’ manufacturing, monitoring, and storage methods 
are important in bedding selection, as bedding may be contaminated with toxins and environmental 
pollutants, as well as bacteria, fungi, and vermin (NRC 2011). Other considerations for bedding selec-
tion are product cost; availability; absorbency; palatability, or lack thereof; ease of handling, transpor-
tation, and storage, including packaging and product weight (dry and wet); the ability to sterilize and/
or obtain gamma-irradiated product; disposability; the ability to control ammonia accumulation; and 
the amount of associated dust.

Types of Bedding and the Potential to Affect Research

Bedding is generally manufactured from plant materials such as wood, cotton, and corncob, which are 
subject to varying degrees of processing. Minimally processed wood is the most commonly used con-
tact bedding. Soft- or hardwoods, devoid of bark, are chopped, shredded, or shaved, and then heated at 
temperatures up to 1200°F to reduce the bacterial and moisture content before packaging. Hardwood 
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bedding (Figure 27.2a) is manufactured from aspen, beech, maple, and/or birch. Softwoods, such as pine 
or cedar, are generally avoided, as the volatile aromatic amines that give these materials their pleasant 
aroma alter hepatic microsomal enzyme concentrations and therefore xenobiotic processing (Ferguson 
1966; Vessel 1966). Most wood bedding, especially shredded or shaved products, has excellent nest-building 
characteristics (Blom et al. 1996). Larger species, such as pigs, may be provided with shaved wood prod-
ucts, which encourage natural foraging, assist in body heat retention, and absorb urine (Figure 27.2).

Corncob (Figure 27.2b), produced from the woody-ring portion of the cob by processing with a ham-
mer mill and roller mill and subsequently dried, is available in several pellet sizes. One-eighth inch, 
1/4 inch, or a mixture of both are commonly used for rodents. Corncob has excellent characteristics with 
respect to inhibiting the accumulation of ammonia, and therefore is preferred when using static isolator 
caging (Perkins and Lipman 1995; Smith et al. 2004). The specific characteristics of corncob inhibiting 
ammonia accumulation are unknown, but they are unrelated to its absorbency. Corncob can be abra-
sive and has been associated with foot lesions in highly immunocompromised mouse strains (author’s 
[N.S.L.] personal communication). Off-gassing of acetic acid has also been observed, presumably from 
the decay of residual organic matter (Perkins and Lipman 1995). The density of corncob limits nest 
building, and therefore it is frequently supplemented with nesting material or mixed with other bedding 
types. The authors recommend autoclaving or purchasing irradiated product, as the porosity of corncob 
leads to mold growth in unsterilized or nonirradiated product underneath the sipper tube, where spillover 
occurs. Corncob expands and adheres during autoclaving, requiring the need to dissociate the pellets 
after steam sterilization.

A variety of processed wood products, for example, cellulose (Figure 27.2c), both virgin and recycled, 
are available for use as both contact and noncontact bedding. Products differ in absorbency, color, shape, 
and size. They may also be blended with other products, such as corncob. Cellulose products are typi-
cally more expensive than wood and generally have good nest-building characteristics. In some coun-
tries, nontraditional bedding is used (e.g., in India, bedding composed of rice husks is commonly used); 
however, appropriate quality assurance practices should be in place.

Certified bedding, in which levels of specific toxic environmental contaminants are measured and 
determined to not exceed maximum concentrations, is available for use in studies that must meet GLP 
standards.

A variety of products, generally manufactured from cellulose, are available for use as noncontact 
bedding (Figure 27.2d). Noncontact bedding includes plastic-backed absorbent paper and cage board. 
Products are available in precut sheets, formed trays, and roll stock. Material used for noncontact bed-
ding can be impregnated with antibiotics, for example, neomycin, to inhibit bacterial growth and the 
subsequent ammonia production.

(a) (b) (c) (d)

FIGURE 27.2 Various bedding types: (a) wood, (b) corncob, (c) cellulose, and (d) noncontact cage board. (Courtesy of P.J. 
Murphy [a], the Andersons, [b], and Shepherd Specialty Papers [c and d].)
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Feed and Bedding Handling and Processing

The receipt, handling, storage, and distribution of feed and bedding are integral components of a bio-
security program, especially for barrier-maintained rodent species. These processes are heavily influ-
enced by floor plan, the operational concepts employed in the facility, and the level of adventitious agent 
exclusion. Quality assurance programs for feed and bedding processes should include monitoring and 
validating sterilization or pasteurization and/or decontamination procedures.

Some facility designs provide distinct corridors to separate the distribution of feed and bedding (with 
or without associated caging) between the clean cage wash (CCW), the animal holding rooms (AHRs) 
and the soiled cage wash (SCW), in order to control cross-contamination between clean and soiled sup-
plies. However, the use of dual-corridor facilities has become less common, as the space utilization is less 
efficient than single-corridor facilities, animal facility construction and operational costs have escalated, 
and the use of specific pathogen-free animals has become commonplace. Regardless, facility management 
must take into account the specific design of the facility to make important decisions in the interest of 
minimizing or eliminating contamination during the processing, storage, and handling of these materials.

The method of processing feed and/or bedding into CCW is of critical importance, as the bulk of the 
materials used in a vivarium originate from this area and are distributed throughout the facility. An 
operational failure in CCW, resulting in contamination, is likely to be widely spread. Feed may be auto-
claved into the facility, but use of gamma-irradiated diet has become commonplace and has replaced the 
use of autoclaved diets in a variety of settings, as they require less processing after receipt and are not 
subject to the effects of heat and temperature that result from autoclaving. Validation of autoclave cycles 
poststerilization for sterility or postpasteurization for desired microbial reduction is recommended on 
a regular basis. Biological indicators are used to verify the sterility of bedding. Similar to bedding, 
additional postautoclaving monitoring should include assurance that appropriate levels of heat-labile 
constituents within feed are at suitable levels. Access to mass spectroscopy and other technologies is 
available to evaluate bedding for contaminants if contamination is expected.

Irradiated feed is available in a variety of packaging. To provide assurance that a particular bag or 
package of diet has been irradiated, the bags or packages are individually marked with indicator labels 
using polyvinyl chloride (PVC) impregnated with an acid-sensitive dye. Irradiation results in a color 
change caused by the release of hydrochloric acid within the PVC label (Tobin et al. 2007). The outer 
paper packaging of irradiated diets can be exposed to contaminants during shipping and storage and 
therefore should be sprayed with a disinfectant solution and/or carefully removed to reveal an inner 
plastic bag. The sealed inner plastic bag also permits decontamination with a liquid or spray disinfec-
tant. This is generally done using a spray bottle, or alternatively, there are automated misting chambers 
available. Irradiated diet can also be obtained in small, watertight, vacuum-sealed plastic bags for use 
in isolators, change stations, or BSCs. Compromised packages are easily identified, as the vacuum seal 
is lost and the bag inflates. The use of vaporized hydrogen peroxide, as a method to decontaminate the 
external surface of feed bags, even those with an inner plastic bag, must be carefully considered, as the 
hydrogen peroxide gas may penetrate the feed (author’s [N.S.L.] personal communication). Subjecting 
irradiated feed bags to an extremely short “flash” sterilization cycle has been employed as a method for 
surface decontamination prior to relocation of feed into a rodent barrier (Thurlow et al. 2007). Feed for 
nonrodent species is not typically irradiated or available in a formulation that permits autoclaving. These 
bags are generally surface decontaminated with a liquid disinfectant or sterilant prior to, or upon, entry 
into the facility. It may be necessary to ensure biosecurity that feed used for nonrodent species be stored 
and handled separately from feed used for barrier-maintained rodents.

Bedding comes in a variety of sizes and packaging and is generally packaged by cubic feet, as opposed to 
weight, and in autoclavable paper bags. Bulk totes of bedding can be procured for larger facilities to reduce 
handling by staff when used with a pneumatic dispensing system. Irradiated bedding products generally 
receive a minimum dose of 15 kGy, and each bag is marked with an indicator label confirming exposure. 
Smaller bags are vacuumed packaged and shipped in protective cartons. Certified bedding is packaged in 
lot-coded, certified stamped bags and arrives with a corresponding laboratory analysis report. Bedding is 
typically autoclaved into CCW or gamma-irradiated and surface decontaminated using a method similar 
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to that used to process feed. During autoclaving, bedding can absorb moisture and, as a result, loose absor-
bency and support the growth of microorganisms. Therefore, if autoclaved, sufficient time should be pro-
vided for drying before stacking, or alternatively, gamma-irradiated bedding may be used.

Once treated, caging may be filled with bedding manually, for example, with a scoop, or using an auto-
matic dispenser. Several types of automated dispensers are available. The most accurate is a dispenser 
into which cages are inserted and a metered amount of bedding is released, using a foot-activated or auto-
mated switch, into the cages (Figure 27.3). This dispenser type is frequently employed with articulated-
arm or foundry robotic cage washing systems or in facilities processing limited numbers of rodent cages. 
In-line bedding dispensers are also available for tunnel washers (Figure 27.4). These dispensers continu-
ously “rain” bedding from above. Cages are flipped as they exit the unload end of the washer and are sub-
sequently filled as they pass under the dispenser. The amount of bedding dispensed is dependent on both 
the speed of the belt on which the cage moves and the volume of bedding continuously released from 
the dispenser. In-line dispensers are useful when processing large numbers of rodent cages. Dispensers 
can be filled manually, or automated delivery systems are available to fill the unit to reduce the labor-
intensive task of handling the bedding. The latter is particularly valuable if the point of receipt, that is, 
loading dock, is a considerable distance away from the cage wash. Regardless of the method of distribu-
tion, given the significance of exposure to particulate, consideration must be given, in consultation with 
an occupational health expert, to the use of respiratory protection when handling loose bedding.

The flow of feed and bedding from the CCW or another postprocessing distribution point facility to 
the AHR, whether in cages or other containers, is also of critical importance. Some facilities steam ster-
ilize all materials that come in contact with laboratory rodents, including all cage components, before 
leaving the CCW for distribution in order to ensure unwanted infectious agents are excluded. Other 
facilities limit treatment to feed and bedding (such as sterilization), as they pose the more likely risk of 
introducing excluded agents. In single-corridor facilities, the use of reusable or disposable equipment 
covers during transport is highly recommended to reduce the likelihood of cross-contamination during 
the transport of both clean and soiled equipment containing feed and bedding.

The SCW is the repository of all returning and potentially contaminated material. Therefore, proce-
dures that ensure adequate containment are necessary. The potential for contamination resulting from 
an infectious disease outbreak is omnipresent, and caging containing soiled bedding from contaminated 
animals is commonly processed along with those from “clean” colonies. Soiled material sterilization is 
generally limited to situations when a known contaminant is present. Given the significance of animal 
allergens, prevention or minimization of exposure should be of high priority during the handling and 
disposal of bedding (Harrison 2001). A variety of solutions are available for this purpose, including, but 
not limited to, dust masks, N95 particulate respirators, Class I biological safety cabinets, and pneumatic 
waste disposal systems with integrated downdraft stations.

FIGURE 27.3 Automatic bedding dispenser. (Courtesy of Tecniplast.)
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There are several systems marketed to the laboratory animal industry for soiled bedding disposal. 
Systems differ based on whether the bedding is altered by adding water before transport and disposal. 
In dry systems, bedding is dumped into a collecting receptacle and transported by vacuum or auger to 
a waste receptacle, generally at a loading dock, for subsequent removal. The receptacles are commonly 
outfitted with a shredder or grinder to macerate larger materials that may be inadvertently introduced 
into the system. There are also several systems that convert bedding and cellulose materials, such as 
cage board, into a slurry by pulverizing them and adding water. The material can then be flushed into 
the sanitary waste system, if code permits, or the water can be extracted and the waste, which is reduced 
in volume, is containerized for disposal. The collecting receptacle used in all these systems is generally 
provided with downdraft, for personnel protection against aerosols. Foundry, or articulated-arm, robots 
can be used with a tunnel washer for waste disposal. On the soiled side of the cage wash, the robot’s grip-
per picks up the uppermost row of soiled cages, which have been nested on specially designed pallets. 
The robot then dumps the cages and places them on the tunnel washer belt. After washing, the robot on 
the clean side collects the cages from the washer belt, inserts them into an automated bedding dispenser, 
and subsequently stacks the bedded cages onto pallets.

Feed and Bedding Receipt and Storage

Upon receipt, bags of feed and bedding should be checked for milling and expiration dates and examined 
to ensure that they are intact and unstained, demonstrating that their contents have not been damaged, 

FIGURE 27.4 In-line bedding dispenser with integrated pneumatic delivery system. (Courtesy of MSKCC.)
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potentially exposed to vermin, penetrated by liquids, or otherwise contaminated. Bags with defects 
should be rejected because of the possibility of contamination.

Inherent risks for feed and/or bedding storage are nutrient degradation, contamination, spoilage, and 
vermin infestation. It is important to know the manufacture date and other factors that affect the shelf 
life of a diet. Stale food or food transported or stored inappropriately can become deficient in nutrients. 
Stock should be rotated regularly upon receipt of each shipment to ensure that the oldest material is used 
first and to ensure that the freshest is always available. Feed and bedding should be stored off the floor on 
pallets, racks, or carts in a manner that facilitates sanitation and visual confirmation of the manufacture 
date. Placing materials a minimum of 6 inches away from the wall will help protect them against pests, 
permit air circulation, and allow for cleaning behind and under the stored material. Opened feed and bed-
ding bags should be stored in vermin-proof containers, such as plastic lined cans with tight-fitting lids, 
to minimize contamination and avoid the potential spread of pathogens. Containers should be cleaned 
regularly and new liners placed before adding new material, with the expiration date of any materials 
marked on the container. Chemicals should not be stored in the same room as feed and bedding because 
of the possibility that bags could be contaminated by the chemicals.

Feed should be maintained under cool, dry conditions and in a well-ventilated area not exposed to 
direct sunlight. A constant cool temperature and low humidity in storage areas help to avoid spoilage. 
Daily minimum and maximum temperatures and humidity values should be closely monitored to ensure 
appropriate environmental conditions where feed and bedding are stored. Natural-ingredient diets should 
be stored at temperatures less than 70°F, and relative humidities of ~50% are ideal. Exposure of feed to 
elevated temperatures induces rancidity, in which unsaturated fats and lipids are oxidized and converted 
into hydroperoxides, which subsequently break down into volatile aldehydes, esters, alcohols, ketones, 
and hydrocarbons, giving the feed a disagreeable odor and taste. Most natural-ingredient, dry laboratory 
animal diets stored properly can be used up to 6 months, or longer in some cases, after manufacture. 
Specialty diets may have a shorter shelf life. Specialty diets, such as purified diets, containing high fat 
levels are subject to spoilage and must be kept in a 4°C cooler to extend the shelf life. Nonstabilized vita-
min C in manufactured feeds generally has a shelf life of only 3 months, but commonly used stabilized 
forms can extend the shelf life of the diet to 6 months. Other perishable items, such as fruit and vegeta-
bles, used for larger species, should be stored in appropriate containers and kept at a lower temperature 
to avoid spoilage. Live food sources need to be maintained and managed to ensure a steady supply and 
the health and suitability of the organism as a food and should be stored in a type-appropriate manner 
to preserve nutritional content, minimize contamination, and prevent entry of pests. The shelf life for 
live food sources, such as brine shrimp eggs, or commercial (pellet or flake) diets for aquatics species 
should be determined based on manufacture recommendations or follow commonly accepted practices 
(NRC 2011). Unopened canned feed can typically be stored for up to 2 years or longer. General feed and 
bedding inventory quantities should be maintained such that they may be rotated into circulation and 
consumed before the set expiration date (for feed) but have sufficient on-hand stock in case of a delivery 
delay. It is important to recognize that some manufacturers ship directly to the end user, while others ship 
to distributors, who then send feed and bedding to the end user.

Pests such as cockroaches and wild rodents are potential carriers of disease-causing agents and should 
be prevented from any contact with materials used in the laboratory setting. Whether in the plant (ven-
dor), distributor’s warehouse, or the animal facility, a stringent pest control program should be in place 
with regular inspections forwarded for review and archive by the end user, for example, the facility 
manager or attending veterinarian. All storage locations should be vermin-proof. Walls and floors must 
be free of cracks and crevices. Pipelines, drains, and air filters should be well sealed and inspected fre-
quently. Newly received supplies should be thoroughly inspected for evidence of pests. Inside a facility, 
pests seek food, water, and the protection of dark areas for shelter and breeding. In addition to using 
metal or plastic dunnage racks, carts or shelves should be used to keep materials off the ground and 
away from the walls, doors and entrances should have rodent guards or door sweeps to prevent entry of 
vermin, and insect screens may be used in specific locations. Movable equipment, cage racks, shelves, 
and drawers must be routinely moved and cleaned. Humane mechanical traps should be placed on the 
floor against walls, which is where rodents commonly travel, and insect pheromone traps at key loca-
tions throughout the area. Traps that catch pests live require frequent observation. Electrical insect trap 
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lamps may be used to monitor insect activity, but should not be used as a primary method of control. 
Cleanliness and good housekeeping are the primary methods of vermin control for feed and bedding 
storage locations. If a facility is infested with insects, pesticides are undesirable, but may be necessary, 
in which case feed and bedding would need to be protected. Inappropriate use of pesticides in an ani-
mal facility can be dangerous to personnel and experimental animals. Exposure of research animals to 
pesticides can compromise research data. The introduction of pesticides makes controlling experimental 
variables more difficult—hence the importance of vermin-proofing storage areas and cleanliness prior 
to relying on traps or other means of ridding an area of pests.

Regular monitoring of the pest control program with inspections is a must for plant (vendor), distribu-
tor, and animal facility locations. Inspections should give assurance that the pest control program is 
being executed as designed and to monitor vermin activity levels, and action should be taken if deficien-
cies are found. Reports from the plant and distributor locations should be shared regularly with animal 
facility management.

Conclusion

Feed and bedding are the single most important commodities used in the maintenance of laboratory 
animals. They are also among the primary factors contributing to variables in the animals’ environment 
and have the potential to impact the research studies in which the animals are utilized. Understanding 
the types of feed and bedding available and selecting those appropriate for the research to be conducted 
are critical decisions made by facility management and veterinarians, in concert with research staff. 
Ensuring that the procedures for receipt, storage, processing, and distribution of feed and bedding are 
well defined is an essential management responsibility to ensure animal health and welfare, and ulti-
mately contribute to attaining high-quality research data.
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Water Quality and Water Delivery Systems

E. Douglas Allen, Edgar F. Czarra, and Louis DeTolla

Introduction

Water is essential to sustain an animal’s physiological and biochemical processes, and therefore neces-
sary to sustain life. Water can be found within all tissues and cells and is the intracellular and extracel-
lular medium where physiologic processes are carried out.

It is important to recognize the significance of the relationship of water to the health and well-being of 
laboratory animals. It is equally important to recognize the relevance of water quality and the reliability 
of the systems used to deliver water to laboratory animals used in biomedical research. Providing high-
quality water to research animals will help to minimize experimental variables, and can have a positive 
effect on overall animal health. This chapter is intended to provide some relevant background informa-
tion on water sources, the importance of water quality, and some guidance to animal resource manage-
ment and animal care personnel on drinking water treatment and delivery systems. As water quality 
serves as the microenvironment for aquatic species, refer to Chapter 24 for additional information.
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Sources of Water

Domestic water supplies originate from either surface water or groundwater. Surface water originates 
from streams, rivers, lakes, and reservoirs. Groundwater originates from surface water, which pene-
trates the earth’s crust, is collected in aquifers, and is accessed through community water system wells. 
Approximately 70% of community water system users derive their drinking water from surface water 
sources, leaving the balance derived from ground sources (USEPA 2012).

Source water contaminants vary in concentration and generally fall under the following classifications: 
heavy metals, organic and inorganic chemicals, pesticides and herbicides, pathogens, and radionuclides. 
To address this issue, the U.S. Congress passed the Safe Drinking Water Act (SDWA) in 1974 (amended 
in 1986 and 1996). Per the Act, the SDWA is administered by the U.S. Environmental Protection Agency 
(EPA), and it was enacted to protect drinking water and its sources. The SDWA established the mini-
mum quality standards for domestic water supplies. The SDWA authorizes the EPA to establish national 
health-based standards for drinking water and is applicable to all public water supplies.

The SDWA regulations call for meeting mandatory maximum contaminant levels (MCLs) and nonen-
forceable maximum contamination-level goals (MCGLs) (USEPA 2014, 2016b). There are six groups of 
standards for drinking water: microorganisms, disinfectants, disinfection by-products, inorganic chemi-
cals, organic chemicals, and radionuclides. Municipalities are required annually to produce and provide 
to consumers the Consumer Confidence Report (CCR) under the EPA Consumer Confidence Rule, which 
may be found through the EPA’s website (USEPA 2015) or your local water supplier.

The composition of source water, whether it is from surface water or groundwater sources, can vary 
considerably. The factors attributed to surface water and groundwater quality changes are complex in 
nature and vary from region to region and depending on the source of the drinking water. Anthropogenic, 
atmospheric deposition; seasonal changes; municipal and industrial discharge; brownfield sites (USEPA 
2016a); urban-related runoff; and other major pollution sources have all been identified as contributors to 
water quality degradation. In 1991, the U.S. Geological Survey implemented the National Water-Quality 
Assessment Program (USGS 2014) to evaluate the condition of U.S. streams, rivers, groundwater, and 
aquatic systems to provide scientific information to national, regional, state, and local resource managers 
and policy managers for making sound decisions about the management of their water supply resources.

Municipal Water Treatment and Distribution

Drinking water providers treat source water in a variety of ways to produce a potable product before dis-
tribution through the municipal supply. Water treatment plants remove suspended particles and unwanted 
contaminants, and then filter and disinfect the source water to produce an acceptable product. Activated 
carbon filtration may be added to the filtration spectrum in order to remove odors, improve palatability, 
or remove chemical contaminants. The pH may be adjusted to reduce water distribution pipe corrosion 
and leaching of heavy metals (e.g., lead and copper) from the supply distribution system and to reduce 
the formation of alkaline metals (e.g., Ca2+ and Mg2+), carbonate deposits that may lead to premature 
distribution system failure and/or decline in water quality. An additional final filtration step may be used 
to remove suspended particles and organic matter created during the treatment process. The final step in 
water treatment is disinfection of the water supply. Introduction of ozone, chlorine compounds, or potas-
sium permanganate are among various means to initiate disinfection before distribution to water storage 
facilities and the municipal distribution system (MDS).

The MDS is composed of a network of pipes fabricated from a wide variety of materials. Cast iron, 
ductile and coated ductile iron, concrete and prestressed concrete, galvanized steel, polyvinyl chloride 
(PVC) and chlorinated polyvinyl chloride (CPVC), copper, and other materials are typically used. PVC 
compounds may contain unbound phthalates, a chemical used to make PVC and CPVC softer and more 
flexible. However, phthalates are known to be endocrine disruptors, mimicking naturally occurring hor-
mones that can interfere with the endocrine system and produce adverse reproductive effects and devel-
opmental abnormalities (Colborn 2004; Mathieu-Denoncourt et al. 2015). The MDS transports water 
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to the point of consumption by the end user. During transport, the treated municipal water supply is 
susceptible to uncontrolled chemical and biological reactors, which can contribute to water quality vari-
ability and an undesirable product. Although the conduit materials used in the MDS are durable and long 
lasting, they can also contribute to a decline in water quality. Iron corrosion and leaching of lead and 
copper from pipe walls and joints (Tchounwou et al. 2012) is a common water quality threat from older 
municipal systems. Other aspects of the MDS that can compromise water quality include the gradual 
decrease in residual disinfectants, bacterial regrowth and colonization, disruption of the water supply 
from water main failures, and formation of toxic disinfectant by-products (USEPA 2013).

Water Quality

Although the potable product delivered to research facilities may be of sufficient quality for human 
consumption, it may not be of adequate quality for laboratory animal consumption. The presence of 
disinfection by-products in sufficient concentrations can adversely affect animal health, by introduc-
ing undesirable and unintended variables that can confound animal research outcomes. Furthermore, 
compromised distribution systems can introduce other contaminants that can have the same deleterious 
effects. Microbial contamination (e.g., Legionella sp., Giardia sp., and Cryptosporidium sp.) of munici-
pal supplies (Beer et al. 2015) are well known and may lead to drinking water–associated disease in 
humans. Microbial contamination of municipal water supplies also represents a significant health con-
cern for laboratory animals.

From a regulatory perspective, water quality guidance and standards are defined and outlined in the 
animal welfare regulations (9 CFR §3) and the Guide for the Care and Use of Laboratory Animals 
(National Research Council 2011). For institutions conducting nonclinical studies under the Food and 
Drug Administration’s good laboratory practices (21 CFR§58.90(g)), routine and periodic water quality 
assessment is required. The purpose of this regulatory requirement is to ensure that contaminants known 
to be capable of interfering with a study are not at or above levels that can interfere with and adversely 
affect the outcome of the study.

Considering the complex and variable nature of our water supply, evaluation of source water quality 
is a critical step in determining whether the water delivered to laboratory animals is of adequate quality 
and whether additional treatments are needed. Evaluation of CCRs from the water-supplying municipal-
ity may be considered a baseline assessment of water quality. However, additional facility-by-facility 
evaluation at the distribution point may also provide additional information on water quality and should 
be used for consideration of site-specific treatment options. The combined water quality information 
obtained through assessment should be jointly reviewed by animal resource administrators, laboratory 
animal veterinarians, and key representatives of the research community to formulate what treatment 
options are required to meet the institution’s research objectives in order to mitigate the inherent risks 
associated with source water quality variability. There are a variety of water treatment options and water 
delivery systems available to laboratory animal research facilities (LARFs) housing research animals. 
In this chapter, the advantages and disadvantages of each of these systems are described in greater detail 
in order to provide the reader with the information necessary to select an animal drinking water system 
that is most appropriate based on the research needs of the facility, species and strain sensitivity, facility 
infrastructure, and facility cost constraints.

Water Treatment

There are various methodologies available to purify and treat water, with each solution having pos-
sible pros and cons dependent on a LARF’s needs. These methodologies can be acquired and used as 
stand-alone treatment systems or can be combined for point of use, floor by floor, or building by build-
ing. Water purification systems are designed to remove particulates, as well as chemical and biological 
contaminants from water. Mechanical purification methods most commonly used to treat animal drink-
ing water include filtration, irradiation, and steam sterilization. Filtration systems vary considerably 
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in their design and function, with reverse osmosis (RO) systems producing a product that is far more 
pure—devoid of particulate and chemical and biological contaminants—than other filtration systems. 
Irradiation and steam sterilization are means of addressing biological contaminants but have no effect on 
the removal of chemical contaminants and are therefore likely to be used as an adjunct water treatment 
option. The same can be said about acidification and chlorination as a chemical approach to addressing 
biological contamination. Although chlorination and acidification are effective water disinfection options 
widely used in research facilities, the addition of chemical additives may be contraindicated for certain 
types of research. In addition, reactivity with certain water contaminants may introduce toxic disinfec-
tant by-products that can be detrimental to animal health and introduce undesirable research variables 
(Komulainen 2004; Richardson et al. 2007). A “one-size-fits-all” approach may be applicable to certain 
specific types of research activities but not applicable to others. It is important to gain a full understand-
ing of water treatment options and water delivery systems, in order to engage principal investigators 
on the type of research their laboratories are carrying out and discuss what water treatment options 
are available and what solution is most appropriate to meet their specific needs. Consultation with the 
animal breeder or source may yield valuable information with regard to species or strain sensitivity to 
water treatment options. Water treatment systems used in research animal facilities are discussed next.

Media Filtration

Media-type filters are commonly used in LARFs as either stand-alone systems or pretreatment modules 
in more complex water treatment systems. There are many types of media filters used. The number and 
type of filters to use is dependent on the volume of water to be treated, whether water must be filtered 
continuously or in batches, the amount and sizes of suspended particles in the source water, the concen-
tration of organic compounds, and the acceptable amount of contaminants in the treated water. A com-
prehensive water analysis (Curran and Smart 2007) should be conducted on the facility’s domestic water 
supply in order to determine the need for media filtration. Once the need has been determined, a water 
quality consultant or engineer can help determine the type of media filtration that would be best suited 
for removing particular water contaminants of concern. A water quality consultant or engineer will also 
be able to assist with the sizing of the media filtration and the correct order that the domestic water sup-
ply should pass through the media filtration units in order to achieve the facility’s water quality goal.

Media filters are made from a wide variety of materials and can filter gross particulates from the 
domestic water supply down to particles as small as 0.1 μ. Media filters are designed to entrap suspended 
particles as the water passes through the media. Much like high-efficiency particulate air (HEPA) filters, 
as the media loads with particles, the flow of water through the media surface becomes restricted, result-
ing in a reduced flow rate and a reduced volume of treated water produced over time. With cartridge 
media filters, the filter membrane can be easily removed from the filter housing and replaced with a new 
cartridge. Sand filters, which are designed for the removal of gross particulates from the domestic water 
supply, require periodic back-flushing in order to maintain filtration efficacy. The periodic back-flushing, 
which is normally accomplished automatically with a timer–valve assembly, flushes the particulates 
from the sand media to a drain.

Activated carbon filtration is another type of media filtration that is commonly used to treat domes-
tic water supplies. Activated carbon filtration is specifically designed to remove organic compounds. 
Activated carbon filtration differs from sand or cartridge-type filtration by utilizing the adsorptive prop-
erties of carbon rather than the particle entrapment process utilized with sand or cartridge-type filtration 
processes. Through the adsorptive process, organic compounds that are dissolved in the domestic water 
supply are attracted to the surface of the activated carbon particles and thereby removed from solution. 
There are many factors that influence the efficiency of this process, including the carbon particle size 
and pore structure, the amount of actual time that the incoming water is exposed to the carbon media, 
the incoming water flow rate, and the amount of activated carbon remaining in the filter media housing. 
Once carbon adsorption sites are occupied by contaminants removed from the incoming water sup-
ply, the ability of activated carbon to adsorb additional organic compounds is lost, resulting in “break-
through.” Breakthrough is the process by which previously bound organic contaminants are released 
back into the water by the activated carbon media. Once the breakthrough point has been reached, the 
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filtering capacity of the activated carbon filtration media will be less than optimum (Dvorak and Skipton 
2013). Similar to sand media filtration, periodic back-flushing to remove captured contaminants from the 
activated carbon media or replacement of the carbon media is required in order to maintain adequate 
filtration of dissolved organic compounds from the domestic water supply.

Reverse Osmosis and Ultrafiltration

In order to reduce the potential for experimental variables in research protocols, many LARFs have 
invested in water purification systems that reduce or eliminate the risk of using domestic water supplies 
that may have contaminants remaining in the drinking water after having been treated with simple media 
filtration. RO and ultrafiltration (UF) are two water purification methods that are commonly used to 
purify animal drinking water destined for laboratory animal consumption.

RO is a process that utilizes high-feed water pressure to overcome osmotic pressure and produce a 
product that is predominantly free of low-molecular-weight contaminants. RO membranes are capable 
of removing contaminants larger than 0.001 μ, including monovalent and multivalent ions, pyrogens, 
proteins, colloidal substances, and microorganisms. In order to understand how RO systems work, it 
is worthwhile understanding the theory of RO, the design and function of the RO membrane, and the 
related components that produce a purified water product that is suitable for consumption by laboratory 
animals.

The RO membrane is the primary element of an RO system. The RO membrane is semipermeable, 
allowing purified water to pass through the membrane when high pressure is applied to the incoming 
water. The purified water that passes through the semipermeable membrane and is suitable for laboratory 
animal consumption is aptly named the “permeate,” whereas the water that remains on the inlet side of 
the membrane and is highly concentrated with dissolved ions and precipitated heavy metals is aptly called 
the “concentrate.” There are several different RO membranes from which to choose. The choice should 
be based on the water quality goals of the LARF, the water quality test of the domestic water supply, and 
the operating environment of the RO system. The materials commonly used to make RO membranes 
include cellulose acetate, polyamide, polyether sulfone, polyacrylonitrile, and polyvinylidiene fluoride. 
Polyamide and cellulose acetate are the most common membrane materials used in laboratory animal 
drinking water applications. Polyamide membranes have a slightly higher salt rejection rate than cellu-
lose acetate membranes. However, polyamide membranes will degrade and become ineffective at remov-
ing water contaminants if exposed to chlorine. If polyamide membranes are selected, chlorine must be 
removed from the domestic water supply prior to the RO process, and should be injected into the RO 
permeate water after the membrane of the LARF is interested in affording protection against possible 
biofilm formation.

RO membranes are very thin (≈0.2 μ), with a pore size as small as 0.0001 μ. These membranes are 
supported by a polymeric microporous thermoplastic layer that adds strength and protects the integrity 
of the membrane. The RO membrane is composed of several of these composite layers, which increases 
the filtration surface area available for the feed water.

Over the years, there have been many advances in the design of RO membrane modules. Today, RO 
membranes are available as hollow fiber modules, spiral wound modules, and plate or frame modules. 
Each module design has application-specific characteristics. Modules are assembled in special pressure 
vessels of various dimensions, diameters, and lengths and fitted with feed water, permeate, and rejection 
water fittings. Earlier RO membrane designs recovered less than 10% of the water used. With continued 
advances in RO membrane technology and the ability to interconnect multiple RO membrane modules 
in series, significantly higher recovery rates of greater than 90% (Stoughton et al. 2013) can be achieved 
while providing higher flow rates and flux to meet any demand.

Although a high capital investment, RO systems offer animal resources the distinct advantage of 
providing a consistent and pure source of drinking water regardless of changes in supply water qual-
ity. Commercial RO systems are available in a variety of different configurations and options that can 
provide variable permeate flow rates, percent recovery, and percent rejection. Depending on the specific 
needs of the institution, RO systems can be sized as a single centralized site plant with distribution to 
all campus animal resource centers or designed to handle the specific needs of a dedicated point of use.
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UF can provide a cost-effective alternative to RO water purification. Similar to RO purification, UF 
has the capability to remove microorganisms, particulates, and macromolecules that are greater than 
0.01 μ. Unlike RO membranes, UF membranes do not have the ability to remove low-molecular-weight 
organics and elemental ions such as calcium and sodium. UF membranes have greater pore sizes than 
their RO counterparts, and therefore require less applied pressure to overcome osmotic pressure. The 
lower applied feed water pressure, in combination with the greater pore size of the UF membrane, trans-
lates into a higher flux rate (>90%) of purified water (Pilutti and Nemeth 2003).

The domestic water supply that feeds an RO or UF system will likely contain concentrations of sus-
pended solids, dissolved ions, and organic compounds that have the potential to prematurely foul RO 
or UF membranes. It is important to have a water quality test performed to determine what pretreat-
ment methods should be used to reduce these water contaminants so that maximum membrane life is 
achieved, and to also ensure that the pretreated supply water is compatible with the intended membrane 
type. As the supply feed water interfaces with the semipermeable membrane barrier, contaminants from 
the supply feed water settle on the membrane surface and load the various microporous membrane layers 
and feed water channels. This process is referred to as membrane fouling, which can negatively impact 
the performance of an RO or UF system (Amy 2008). Under the right conditions, dissolved salts may also 
precipitate from the feed water stream and accumulate on the membrane surface in the form of scale.

To circumvent these conditions and prevent premature fouling of RO and UF membranes, pretreat-
ment of the feed water is commonly used to improve the quality of feed water. As described in the 
previous section, media filtration may be used to remove suspended particles, colloidal materials, and 
microorganisms. Activated carbon media filters will remove organic compounds and chlorine. Residual 
chlorine used as a disinfectant in domestic water supplies may damage certain RO or UF membrane 
materials (polyamide). Newer membrane technology is far more tolerant of residual chlorine (Lee et al. 
2011). To protect the RO or UF membranes from scale formation, water softeners may be used to remove 
Ca2+ and Mg2+ ions.

Although pretreatment provides some membrane fouling protection for RO and UF systems, over time 
the total volume of water passing through the membrane vessel will ultimately lead to membrane fouling. 
Periodic back-flushing of RO or UF membranes with detergents is an additional procedure that can be 
utilized to extend membrane life.

Most RO and UF systems cannot produce purified water at a rate that will keep up with the peak 
demand experienced in most LARFs. This is particularly true in facilities that utilize water bottles or dis-
posable water pouches. If the LARF is utilizing an automated animal drinking water system, a smaller-
volume tank may be sufficient, but the storage tank will need to be adequately sized to accommodate the 
daily flushing of the room distribution piping and the manifold piping on the individual animal holding 
racks. Large purified water storage tanks allow the RO and UF systems to spread production over time, 
yet still meet the immediate demand for animal drinking water during peak hours of facility operation. 
Large purified water storage tanks also provide the LARF with a purified water reserve, which can prove 
essential during disaster scenarios, during periods when the RO or UF system is down for maintenance, 
and for other contingency planning.

Posttreatment of RO or UF purified water is essential to maintaining animal drinking water that is free 
from microorganisms. If uncontrolled, bacteria will begin to proliferate in the purified water medium 
and will attach to the surfaces of the tank and to the water distribution piping and manifolds, forming 
biofilms (Molk et al. 2013). There are a number of ways to proactively approach protection, including the 
use of low-level chlorine or acid injection after RO or UF purification. When using purified water recir-
culating loops as a method of distributing the purified water to bottle filling systems or automated animal 
drinking water systems, ultraviolet C (UV-C) radiation, in conjunction with additional microfiltration, 
is often used to keep bacteria from proliferating and forming biofilms within the purified water holding 
tanks and distribution piping. However, in this application UV-C has limitations (described later) that 
should be given due consideration.

Monitoring RO or UF system performance is a critical function to ensure that water is always available 
and consistent in quality and to ensure that system performance is within specifications. Most modern 
RO and UF purification systems offer continuous monitoring and notification features that will monitor 
key parameters of the system and proactively notify designated institutional staff when parameters are 
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out of bounds. It also serves as a means of timely remediation of potentially significant issues without 
compromise to continuation of service or system integrity.

Ultraviolet Irradiation

Used in water treatment and wastewater treatment facilities to disinfect and enhance water quality, ultra-
violet (UV) irradiation is also a viable solution available for disinfecting laboratory animal drinking 
water in LARFs. As mentioned previously, UV irradiation is typically used as a treatment method for 
reducing the proliferation of bacteria and biofilms in recirculating purified water loops. UV radiation 
is electromagnetic radiation that lies between the visible light spectrum and x-rays and typically falls 
between 100 and 400 nm. UV-C radiation, with a wavelength falling between 245 and 285 nm on the UV 
spectrum, is the most effective radiation range for inactivating microorganisms in water systems. This 
wavelength is produced by special low-pressure mercury vapor lamps housed within a UV-C reactor that 
emit electromagnetic radiation within this wavelength. The UV-generating lamps do not come in contact 
with the water. The lamps are either surrounded by a quartz sleeve within the lumen of the UV-C reactor 
or arranged around UV-C-penetrable tubes. The purified water source must constantly pass through the 
reactor in order for the water to receive the UV-C treatment, thereby destroying microorganisms as they 
come into contact with the UV-C radiation. UV-C energy does not add anything to the water, nor does 
it alter water chemically or remove other water contaminants (Benjamin and Lawler 2013). UV systems 
used in conjunction with recirculated or single-pass systems do offer the benefit of reducing microbial 
loads; however, due to design limitations, these systems may not totally eliminate the threat of microbial 
growth. Biofilm-producing colonies at any point in the recirculating loop or in the water distribution sys-
tem will be unaffected by UV unless these colonies break free and pass through the UV reactor, where 
they will be exposed to the UV-C radiation. Therefore, additional water treatment options should be 
considered depending on the water quality goals of the laboratory animal research program.

UV-C energy penetrates and inactivates microorganisms by photochemically transforming 
UV-sensitive nucleotides, particularly pyrimidines. When exposed to UV-C radiation, the RNA or DNA 
transcription and replication process within the microorganism is impaired, compromising the essential 
cellular processes that eventually lead to the death of the microorganism. Certain microorganisms have 
the ability to repair the photochemical damage caused by the UV-C radiation through a process known 
as photoreactivation or dark repair. The ability of certain microorganisms to survive UV-C exposure 
is usually due to the effect of radiation doses that are too low. It has been shown that photoreactivated 
microorganisms show a greater resistance to UV radiation than microorganisms that have not been 
exposed and survived (Hijnen 2010).

There are several factors that will determine the efficacy of UV-C irradiation as a reliable method 
for disinfection of laboratory animal drinking water systems. These factors include the UV sensitivity 
of microbial species, the UV-C radiation wavelength or dose, the presence of water contaminants that 
absorb UV-C radiation, the presence of suspended particles that can block UV-C penetration, the age 
of the UV-C lamps, the physical distance between the UV-C radiation source and the microorganisms, 
and the presence of radiation-blocking film on the interior surfaces of the quartz sleeves or tubes. These 
factors must be monitored for effect, and periodic maintenance must be performed on the system to 
maintain optimal performance.

In general, most viruses, yeasts, and bacteria are sensitive to UV-C irradiation and require much lower 
UV radiation doses than molds and protozoa. Giardia and Cryptosporidium, which are typical protozoa 
found in water, require much higher doses of radiation for effective treatment (Chen et al. 2006).

Dosage, intensity, and exposure time are interrelated and important factors of UV system efficacy. 
Dosage is the product of intensity and exposure time expressed in seconds. Intensity is the output energy 
from the UV-C lamp and expressed as microwatts per square centimeter (μW/cm2). Organisms passing 
through a UV reactor at a faster and more direct rate will receive a much lower dose than those that take 
a more circuitous path and slower rate.

UV-C lamp intensity does not remain constant over the life of the lamp. New lamp intensity declines 
rapidly at first, but the rate of decline lessens over time. As intensity declines, a point is reached where 
lamps should be replaced. Replacement frequency will largely be dictated by the type of lamp used and 
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the minimum intensity determined empirically. UV-C intensity meters are available to assist in this 
regard. Generally speaking, low-pressure mercury-type lamps have a life of roughly 1 year.

The presence of UV-absorbing contaminants like sulfites, nitrites, phenols, humic and fulvic acid, iron, 
and turbidity reduces the UV radiation intensity that is available for microbiological control. Suspended 
matter harboring microbes may block UV energy and also reduce UV system efficacy. Contaminant 
deposits on the internal surfaces of the reactor or lamp sleeves also affect system efficacy. To mitigate 
the affect water quality has on UV systems, establishing a program of assessing intensity, cleaning UV 
reactors, and replacing lamps is warranted to ensure optimal performance.

UV systems used in conjunction with recirculated or single-pass animal drinking water systems do 
offer the benefit of reducing microbial loads; however, they may not totally eliminate them. Biofilm that 
may be growing downstream of the UV reactor or at any point in the recirculating loop or water distribu-
tion system will be unaffected by UV-C radiation. Bacterial colonies that break away from biofilms can 
be neutralized as they pass through the UV reactor; however, the inactivated bacteria will provide a rich 
nutrient source for biofilms growing on surfaces downstream. Additional water treatment options should 
be considered depending on the water quality goals of the LARF.

Acidified Water

Inorganic acid has long been used in laboratory animal drinking water systems as a means of controlling 
bacterial contamination. Acidified water has been particularly effective at eliminating gram-negative 
opportunistic pathogens like Pseudomonas aeruginosa, a common organism found in domestic water 
supplies. Although effective against P. aeruginosa and other gram-negative microbes, some microorgan-
isms (e.g., acid-resistant fungi) (Edstrom Industries 2003) can be unaffected and survive (Meltzer 1993).

Hydrochloric acid is the predominant type of acid used to treat water supplied to laboratory animals, 
although sulfuric acid provides an effective option. A pH of between 2.5 and 3.0 is the recommended 
concentration of acid in animal drinking water systems. A pH below 2.5 has been shown to affect weight 
gains and water consumption in male mice (Hall et al. 1980). The use of acidified water may have some 
undesirable side effects on laboratory animal research, which should be considered prior to use. In 
some instances, acidified water may react with water bottle stoppers and release undesirable substances 
(Kennedy and Beal 1991). Acidified water may also alter the excretion of phenol red, and result in low-
ered proteinuria and decreased urine volume in rats (Clausing and Gottschalk 1989). Acidified water has 
also been shown to alter the gut microbiome and the incidence and onset rate of diabetes (Sofi et al. 2014; 
Wolf et al. 2014).

Acids used to treat water are corrosive by nature, and can cause damage to animal drinking water 
treatment and delivery systems, and even injury to facility personnel. Care should be exercised in the 
handling and storing of acid reagents following facility standard operating procedures (SOPs), using 
appropriate personal protective equipment (PPE), and referencing the appropriate safety data sheet 
(SDS). Materials used in the design and manufacture of animal drinking water treatment and distribu-
tion systems should be resistant to the corrosive properties of these acids. Stainless steel and certain 
plastic piping materials will resist the corrosive nature of inorganic acids. Silicone elastomers and 
Teflon used to join and seal piping materials are also resistant to the corrosive effects of acid. Brass and 
other metallic materials should be avoided. For automated animal drinking water systems, type 316L 
stainless steel is the material of choice. Type 316L stainless steel is resistant to prolonged exposure to 
low pH drinking water; however, it is incumbent upon the LARF staff to monitor the pH for maintain-
ing the acceptable range of 2.5–3.0. Severe and irreversible damage has occurred to systems using 
316L stainless steel when acidified animal drinking water has been maintained at levels below 2.5 pH. 
The anticorrosive properties of 316L stainless steel are due primarily to its unique concentrations of 
nickel and chromium and the addition of up to 3% molybdenum. Type 316L stainless steel utilized in 
animal drinking water systems is commonly exposed to a “passivation” process during its manufac-
ture. Passivation of stainless steel further enhances the corrosion-resistant properties of the material 
by removing free iron from the surface and leaving a protective chromium oxide layer. Damage to this 
chromium oxide layer can occur when acidified water is maintained below a pH of 2.5, allowing the 
acidified water exposure to the ferrous material underneath the protective layer. When this protective 
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layer becomes breached, pitting of the stainless steel will occur, allowing for pinhole leaks and eventual 
failure of the material.

Disposal of acidified water into the municipal waste stream may require special handling (e.g., neu-
tralization) prior to its release. Therefore, it is suggested that facility administrators give this point due 
consideration should acidification of the animal drinking water be implemented.

Chlorination

The use of chlorine compounds to treat animal drinking water is an effective and acceptable means of 
disinfection. Chlorine compounds added to the animal drinking water supply preserve the quality of the 
water by preventing microorganisms sensitive to chlorine from colonizing the water distribution sys-
tem. Even in low concentrations, chlorine compounds in an aqueous solution have a profound effect on 
eliminating episodic microbial contaminations. Understanding that animal drinking water can become 
contaminated with microbes at any given time, consideration should be given to the use of chlorine com-
pounds as an adjunct treatment of the water provided to laboratory animals.

There are many chlorine compounds available to treat potable water supplies. Chloramines, sodium 
hypochlorite (NaOCl), and chlorine dioxide (ClO2) are among the most predominant compounds used 
today for water disinfection. At the correct concentrations, chlorine compounds are safe for human and 
animal consumption and may be a means for eradicating endemic chlorine-sensitive microorganisms 
from rodent colonies (Takimoto et al. 2013). The chlorine compound and final concentration used for 
biocidal activity, whether it is for preventative measures or treating a water supply, should be determined 
based on the biocidal results at a given concentration and understanding that certain contaminants in the 
source water can react with chlorine, making its biocidal characteristics less effective.

The chlorine compound used for treatment and the final concentration of chlorine used in animal 
drinking water should be given due consideration. Although somewhat variable depending on the con-
tamination level of the water supply, concentrations of free chlorine at <10 ppm for a sufficient period of 
contact time are generally adequate to treat for most microbial contaminants. However, microbiological 
assessment of the water supply and determination of the optimal chlorine concentration are warranted. 
Although laboratory rodents can tolerate high concentrations in drinking water, previous studies carried 
out by the National Toxicology Program (NTP 1992) in F344/N male and female rats and B6C3F1 male 
and female mice indicated there was an inverse relationship between increasing concentrations of two 
chlorine compounds (up to 275 ppm available atomic chlorine and up to 200 ppm chloramine adminis-
tered to both species) and decreased water consumption and body weights over a 2-year period.

Chlorine compounds used as water disinfectants are most effective in solution when water chemis-
try conditions are optimal. The effectiveness of chlorine compounds in solution is influenced by pH, 
the presence of organic matter, water hardness, temperature, and chlorine concentration. The pH of 
the water has the greatest influence on the antimicrobial properties of chlorine (Dychdala 2001). In the 
case of sodium hypochlorite, an increase in pH significantly decreases the disinfecting ability of chlo-
rine, whereas a decrease in pH has the opposite effect. Sodium hypochlorite is the active ingredient in 
household bleach and is perhaps the least expensive source of sodium hypochlorite available for use as 
a water disinfectant. When added to animal drinking water supplies, sodium hypochlorite molecules 
react with the water molecules to form hypochlorous acid (HOCl) and sodium hydroxide (NaOH). HOCl 
dissociates in water to form hydrogen (H+) and hypochlorite (OCl–) ions. Of the two compounds, HOCl 
exhibits far more germicidal activity than OCl–. The relationship of the HOCl and OCl– ions in solution 
is pH dependent. As pH increases, the concentration of OCl– increases. Conversely, as the pH decreases, 
the concentration of HOCl increases (Dychdala 2001). When used as a disinfectant in water supplies, 
sodium hypochlorite can react with organic compounds dissolved in the water, forming trihalomethanes. 
Trihalomethanes are suspected to be carcinogenic and may add an additional variable when consumed 
by animal research subjects under research protocols.

Chlorine dioxide is more frequently being used for drinking water disinfection in municipal water 
supplies. Unlike other chlorine compounds, chlorine dioxide is unaffected by high pH and does not form 
trihalomethanes in the presence of organic material. Chlorine dioxide has a higher oxidative capacity 
than sodium hypochlorite and is therefore much more effective as a biocide at lower concentrations.
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Chlorine is a powerful oxidizing agent and corrosive by nature. Stainless steel is susceptible to the 
corrosive effects of chlorine; however, various grades of stainless steel are more resistant to the effects of 
chlorine corrosion than others. As is the case with acids, type 316L is more resistant to chlorine corrosion 
damage than other stainless steel grades commonly used in the industry.

Steam Sterilization

Steam sterilization is one of the oldest and most effective methods of treating laboratory animal drinking 
water. Under the right conditions, steam sterilization destroys all microorganisms present in the water 
medium, including viruses, bacteria, spores, fungi, molds, and protozoa. Steam sterilization is effective 
at deactivating these microorganisms both in the water and when they are attached to water storage and 
containment surfaces. Steam is a penetrating sterilization medium, able to overcome biofilms and the 
cellular defense mechanisms of the individual microorganisms.

Achieving sterility is a function of adequate exposure time to both temperature and pressure. The 
quality of the steam produced by the sterilizer is also very important. Dry saturated steam or superheated 
steam is preferred over wet steam. Superheated or “dry” steam has less entrained water droplets than wet 
steam and, as a result, can transfer more heat energy during the sterilization process. Transferrable heat 
energy is important, as it promotes sterilization efficiency and efficacy. Steam sterilization is a nontoxic 
approach to treating animal drinking water, is relatively inexpensive, and kills microorganisms rapidly.

Steam sterilization is typically used to sterilize animal drinking water bottles that are either filled or 
empty. The sterilizer chambers that are common on most steam sterilizers used in LARFs are significant 
in size, allowing the facility to sterilize hundreds of bottles per sterilization cycle. Steam sterilization of 
filled and empty bottles is handled in very different ways. Empty bottles can be sterilized very quickly 
using a high-vacuum sterilization cycle. In contrast, bottles filled with animal drinking water must uti-
lize a slower processing cycle in order to prevent the drinking water from boiling out of the bottles. This 
process exchanges vacuum pulses for steam pulses to evacuate air from the sterilization chamber. A slow 
exhaust cycle is used to cool the chamber, rather than the dry cycle that is used for nonliquid materials. 
Purging air from the chamber with steam is a function of the density of the steam versus the air. Since 
air is denser than steam and therefore heavier, it settles to the bottom of the chamber and is forced to 
the sterilizer drain as steam is added to the chamber. The exhaust process involves slowly lowering the 
chamber temperature and water temperature in the bottles to a point where the water temperature falls 
below the boiling point so that the water remains in a liquid state and does not boil over. Many sterilizer 
manufacturers offer load probes as a means of confirming product temperature throughout the steril-
ization process. However, a load probe provides only one reference point within the chamber, so other 
means of verification may be required.

It is important to establish a process of evaluating sterilization efficacy and validation of sterilization 
cycle parameters after the sterilization cycle is complete. Validation can be accomplished through the 
use of biological indicators for liquid cycles. It is important to place biological indicators at multiple sites 
throughout the entire load to provide greater assurance that the load has been sterilized.

Steam sterilization is an effective means of sterilizing animal drinking valves that are an integral 
component of automated animal drinking water systems and some disposable water pouch systems (e.g., 
stainless steel animal drinking valves). Since animal drinking valves are the farthest point away in terms 
of distance from where the water was initially treated, and since these valves come in direct contact 
with the research animals, animal drinking valves can harbor microbial contaminants that can cross-
contaminate through the cage replacement process. The stainless steel manifold pipes that are integral to 
automated animal drinking water systems used to supply water to individually ventilated caging (IVC) 
racks and other laboratory animal housing systems are designed to be sanitized either chemically or 
through the use of steam sterilization. Attention to the manufacturer’s recommendations of cycle param-
eters, including temperature, vacuum depth, and dry cycle, is important in order to prevent damage to 
this equipment.
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Water Delivery Systems

Water Bottles

Arguably one of the most versatile water delivery systems, water bottles have withstood the test of time 
and remain a viable option for water delivery to laboratory research animals. Water bottles also provide 
a means of customizing water treatments for subsets of laboratory animals for which it is much more 
difficult to provide using other water delivery systems. Water bottles come in a variety of shapes and 
volumes to meet the needs of the animals, husbandry schedules, and research protocols. Volume is a 
particularly important aspect, as it relates to its service life and recycle frequency. The bottle volume 
choice should be compatible with the animal housing type, with ample consideration given to the recycle 
(changing) frequency of the cage. Operational costs should also be considered in the selection of the 
bottle volume and materials. The change frequency of the cage and the bottle will affect the labor asso-
ciated with the bottle handling process, so larger bottle volumes that will extend bottle change-out will 
reduce operational costs.

The materials used in the manufacture of animal drinking water bottles and sipper caps should also 
be considered. Water bottles are commercially fabricated from a variety of materials, including glass 
and various plastic polymers. Exposure of bottles and sipper caps to sanitizing chemicals and the steam 
sterilization process will degrade the material composition over time.

Glass is a fragile material long used in the industry, and although still used today, glass represents 
handling issues for husbandry and scientific staff due to its relative weight compared with plastic poly-
mers, and due to operational and personnel injury costs due to frequent breakage. Research has shown 
that under certain circumstances, glass bottles may contribute silicon to the drinking water, which can 
introduce a research variable (Lohmiller and Lipman 1998).

Polymer-type bottles offer the advantage of being lightweight, durable, transparent, and resistant to 
heat and chemical degradation. They are available in a variety of volumes and shapes to suit the consid-
erable variety of laboratory animal research species and the corresponding variety of animal housing 
systems. Although polymer-type bottles offer many positive features for use as a water containment 
vessel in LARFs, one type of plastic polymer, polycarbonate, has been associated with the leaching of 
bisphenol A (Howdeshell et al. 2003; Hunt et al. 2003), a synthetic organic compound used in the pro-
duction of polycarbonates and other thermoplastics. Bisphenol A and analogs bisphenol S and bisphe-
nol F (Rochester and Bolden 2015) are characterized as endocrine disruptors, exhibiting estrogen-like 
properties. In contrast, polypropylene, polyethylene, and polyethylene terephthalate (PET) are not made 
with bisphenols or other known endocrine disruptors, suggesting that these materials represent a viable 
alternative to the use of affected thermoplastics. The introduction of endocrine disruptors through the 
supplied drinking water can add a variable to research, and perhaps disturb normal breeding and repro-
ductive cycles in laboratory animal species.

Stoppers or sipper caps that are affixed to the open end of water bottles are also available in a wide 
range of materials. Black rubber and neoprene stoppers are the predominant types. Of these two types, 
neoprene is more resistant to degradation from repetitive steam sterilization cycles; however, hardening 
of the stoppers, as a consequence of steam sterilization, occurs with both types. Hardening of the stop-
pers can lead to the breakdown and release of particles from the stopper into the drinking water. These 
particles will ultimately be consumed by research animals with potentially negative consequences. 
Rubber and neoprene stoppers are also known to release minerals and heavy metals (Kennedy and Beal 
1991; Nunamaker et al. 2013) into the drinking water.

An alternative to conventional stopper and sipper tubes is capped bottles with a “pinhole” orifice. The 
design characteristic of this approach relies on the inherent surface tension of water to prevent it from 
leaking out of bottles while providing free access to water. However, accumulation of debris in the orifice 
can lead to water delivery failure. Therefore, careful attention to appropriate cleaning and inspection of 
the bottle and orifice is warranted.



666 Management of Animal Care and Use Programs in Research, Education, and Testing

Automated Watering Systems

Automated watering systems in LARFs have been in existence for more than 50 years. These systems 
provide a viable and reliable alternative to using water bottles. Automated watering is a centralized 
approach to delivering water to laboratory animals. These systems begin with centralized water purifica-
tion and treatment, and then use a network of pressure reduction stations and distribution piping to deliver 
the purified and treated animal drinking water to the animal holding rooms within the LARF. Manifolds 
on large animal enclosures, or racks for smaller species can connect to the animal room drinking water 
distribution system to provide a quality drinking water product at the cage or enclosure level. Drinking 
valves have been designed to accommodate the different water volume requirements and natural water 
access instincts of most laboratory animal species. Modern automated watering systems are designed 
with control systems that allow for automated daily flushing of the room, rack, or enclosure distribution 
system. These systems may also be equipped with advanced monitoring capabilities to enable notifica-
tion of facility staff in the event of a system failure or leak. Automated watering systems can be designed 
to address specific facility layouts and budgets, and to meet institutional water quality standards.

Animal drinking valves are adequately designed to reliably and repeatedly deliver high-quality water 
to laboratory animals with minimal effort and maintenance. With the wide adaptation of IVC systems 
for rodents, drinking valves were required to be located on the inside of the individual cages. The design 
of these new valves had to effectively prevent water leakage into the cage caused by particulates and 
other contaminants in the drinking water, or by the natural behavior of rodents pushing bedding into the 
frontal opening of the valve. Although the initial designs of these new rodent drinking valves did not per-
form well, the various manufacturers have refined and improved valve designs to the point where rodent 
automated drinking water systems are reliable, acceptable, and safe for these valuable research subjects.

Automated watering systems utilize two typical design approaches to distribute treated animal drink-
ing water to the racks and kennels located in animal holding rooms. Room or rack flushing systems 
rely on a principle that once the supply water is treated and distributed to the room or rack level, the 
water should be either utilized for animal drinking or flushed to drain. This system design eliminates 
the potential of the water dissolving contaminants downstream at the room or cage level and bringing 
those contaminants back to the treated water storage tank. Since animal drinking volumes rarely pro-
vide enough water exchange to keep the water fresh and free from bacterial growth, room or rack flush-
ing systems rely on facility staff to either manually flush the distribution lines and manifolds to drain 
or utilize a sequencing controller to automatically flush solenoids at the end of the distribution lines. 
To reduce the risk of microbial growth on the internal surfaces of the distribution system (biofilm), 
modern room and rack flushing systems utilize a proportioning system to inject low levels of chlorine or 
inorganic acid into the drinking water. Automated flushing provides a mechanism to flush at prescribed 
intervals, for a given duration and at prescribed times. Modern flush sequencing and monitoring control 
panels have the added capability of providing documentation that the flushing actually occurred. They 
can also monitor key system parameters and provide alarm notification to facility personnel in the event 
of a system failure.

In contrast, recirculating room and rack distribution systems rely on a continuous flow of water from 
the animal drinking water holding tank to the animal holding rooms and back to the holding tank as a 
means of providing clean, fresh water to the research animals. These systems rely on additional microfil-
tration and the use of a UV-C reactor to reduce the potential for microbial contamination. Recirculating 
systems offer the advantage of conserving water; however, they employ the use of one or more continu-
ously running pumps to move the water. For the reasons noted above, recirculating systems are more 
easily contaminated with microorganisms when relying solely on UV-C radiation and filtration. For 
this reason, recirculating systems often have a proportioning system that will allow for the injection of 
inorganic acid into the drinking water as a means of controlling microbial growth. Chlorine is not nor-
mally considered a suitable residual biocide with recirculating systems since it is difficult to control the 
concentration of free chlorine when the water is recirculating. However, routine testing for the presence 
of free chlorine or the use of chlorine monitoring and reporting equipment can adequately address the 
use of chlorine in the water delivery scenario. UV radiation also has a tendency to dissipate free chlorine 
concentrations.
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Animal drinking water manifolds that are integral to animal holding racks or kennels are connected 
to the room distribution system by way of one or more detachable recoil hoses. These hoses allow for the 
holding racks or kennels to be detached from the system to facilitate room distribution system sanitiz-
ing without exposing animals to sanitizing agents, allowing for rack manifold and recoil hose sanitizing 
and for storing housing systems when no longer needed. If rack and kennel manifolds are designed to 
be flushed manually by facility staff, these manifolds are attached to the room distribution pipe using 
a single flexible recoil hose. Flushing of the rack and kennel manifolds is accomplished by manually 
opening a drain valve at the end of the manifold, allowing the water contained in the manifold to flow 
either to a room drain or to a bucket or catch pan that can be emptied into a local drain. Although manual 
flushing is effective if performed properly and on a daily basis, it relies on facility staff to accomplish this 
task. If facility personnel overlook this important maintenance step, there is increased risk of microbial 
contamination.

If rack or kennel manifolds are designed for automated rack flushing, or are part of a recirculating 
system that allows the water to flow through the rack manifolds during the water recirculating process, 
manifolds utilizing this design are connected to the room distribution system using two flexible recoil 
hoses. In rack flushing systems, one of the hoses will be attached to the water supply distribution line and 
one of the hoses will be attached to the water distribution drain line. There is an electrically controlled 
solenoid on the drain line associated with each rack or kennel manifold that can be sequenced to open 
during a flush cycle. The sequencing panel will also validate that the flushing cycle was completed. In 
recirculating flow-through-the-rack systems, one recoil hose is attached to the water supply line, and one 
recoil hose is attached to the water return line. Water will continuously flow through the room distribu-
tion piping, and each of the manifold pipes as the water makes its journey to and from the supply tank 
and through the UV-C reactor and microfiltration systems.

Manifold design is an important consideration when automated watering systems are purchased and 
utilized within a LARF. The design of the manifold has a direct bearing on animal drinking water qual-
ity and on the ability of the research animals to access drinking water ad libitum. A properly designed 
rack manifold will not only ensure that each cage on the rack has continuous access to the treated drink-
ing water, but also ensure that air bubbles that become entrapped in the system are reduced and flushed 
to drain so that the research animals receive water from the drinking valves rather than air. A properly 
designed rack manifold will also ensure that all of the water in the manifold can be easily flushed and 
exchanged with clean treated water during the daily manual or automated flush sequences.

Daily flushing of rack and kennel manifolds is an important process for maintaining quality animal 
drinking water. At the manifold level, the animal drinking water is under low pressure, and the only 
exchange of the water is derived from animal drinking. The low and intermittent flow of water from ani-
mal drinking activity is not enough to thoroughly exchange the water in the manifold. If the water is not 
thoroughly exchanged on a daily basis, microorganisms will begin to proliferate and bacterial biofilms 
will begin to develop on the surfaces of the manifold and drinking valve components. To thoroughly and 
efficiently exchange the water in a manifold, the manifold must be designed as one continuous pipe from 
cage to cage and rack shelf to rack shelf (S configuration). To ensure that entrapped air is adequately 
removed during the flushing and filling of the manifold, a reverse S manifold design is preferred over an 
S configuration. With a reverse S–designed manifold, the water inlet flow begins with the horizontal pipe 
on the bottom of the rack and flows through the pipe on each row of cages as the water courses through 
to the last cage position on the top row of the rack. For automated systems that flush the manifold piping 
on each individual rack, reverse S manifolds are typically used.

There are other manifold designs that are used on rodent housing racks and on large animal enclo-
sures. These other manifold designs may require manual flushing by the animal husbandry staff. Other 
common manifold designs are named after the letter shapes that they resemble. H manifolds, I mani-
folds, U manifolds, and upside-down U manifolds are just some of the more common designs that are 
utilized for different species. Animal husbandry staff should be aware that these manifolds may work 
equally well in distributing animal drinking water to the individual cages as the S and reverse S manifold 
designs; however, greater care and attention must be devoted to these manifold types to ensure that the 
animal drinking water is thoroughly exchanged on a daily basis and that entrapped air has been removed 
during the manifold filling and flushing process.
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Most LARFs that utilize automated animal drinking water systems have dedicated rack manifold and 
recoil hose flushing stations. These stations are typically located within the clean side of the cage wash 
facility and also serve as a solution for flushing rack manifolds after sanitizing. Although these flush 
stations can be purchased as either manual or with microprocessor controls for an automated flush, they 
have the ability to flush rack manifolds and recoil hoses with a hyperchlorinated solution for greater sani-
tizing potential. The automated flush stations have flush and soak cycles to provide adequate contact time 
with the chlorine solution, and a final rinse cycle to rid the manifold of any residual chlorine solution. In 
addition to the flush, soak, and rinse cycles, the automated recoil hose flush stations have a compressed 
air cycle to dry the internal surfaces of the recoil hoses so that they can be either put back into immediate 
use or placed in storage with the quick-disconnect ends connected.

Daily flushing, or the continuous flow of animal drinking water through an automated watering sys-
tem, is an integral component of maintaining an institution’s water quality standards. Periodic testing 
of the animal drinking water at the cage or enclosure level is considered a good practice to mitigate the 
risk of microbial contamination, and to ensure that the LARF operation is adhering to the institution’s 
water quality standards.

If test results indicate that bacteria are present in the room distribution system, sanitizing the system 
with a hyperchlorinated water solution may be indicated. A hyperchlorinated water solution of 20 ppm 
of free chlorine and 30 minutes of contact time is recommended by the manufacturers of these systems. 
Concentrations higher than 20 ppm and in combination with longer contact times may actually damage 
the system materials and should be avoided. Portable sanitizing units for mixing and pumping hyper-
chlorinated water solutions through the room distribution system are available from the manufacturers 
of automated watering systems. It is advisable to disconnect rack manifolds from the automated watering 
system while performing a hyperchlorinated sanitation process to avoid introducing a research variable 
and, moreover, to avoid potential animal health-related consequences as a result of an atypical exposure 
to a higher level of chlorine. Animals must be moved to other housing areas or provided with another 
source of treated animal drinking water during a hyperchlorinated sanitation process. After exposing the 
distribution system to the hyperchlorinated water solution for 30 minutes of contact time, the distribution 
system should be completely flushed with the treated drinking water supply to completely rid the system 
of the hyperchlorinated water solution.

One of the more valuable features of automated watering systems is the integration of monitoring 
capabilities into the system. The current technologies not only provide real-time information on system 
performance and status, but also, more importantly, provide a feedback system when the system integrity 
is compromised. Remote notification keeps key personnel informed of system breaches at all hours of the 
day, facilitating immediate response and remediation by responsible facility staff.

Automated watering systems typically require a higher initial capital investment over water bottle 
systems; however, automated systems will usually recover the initial capital within 3–5 years due to low 
operating costs and labor savings.

Disposable and Semidisposable Systems

Perhaps the most recent developments in water delivery solutions are disposable and semidisposable 
systems. They complement and provide a viable alternative to existing solutions for water delivery. The 
fundamental properties of these systems are that they provide a defined volume, provide for a variety of 
water treatment options, and can be used with most animal housing systems with the use of specialized 
adapters or for housing systems designed to use them. The principal theory of their use is substituting the 
capital and maintenance costs of the various processing equipment, labor costs, and operational costs for 
refined maintenance, operational, and labor costs.

Disposable Solutions: Pouches and Water Bottles

Disposable animal drinking water solutions are single-use products that provide a fixed quantity of water 
to laboratory research animals. These systems are primarily used for rodent species, but they have been 
used to a limited extent with larger species utilizing specialized caging adapters. Water is gravity fed 
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from the water container or “pouch” through a specially designed valve delivering water at a species-
specific flow rate. The pouch collapses as the water is consumed. The pouch is completely disposable, 
and some types may be recycled. The drinking valve, depending on the design and material, can either 
be discarded after one or more changing cycles or be reused after sanitation or sterilization (Gianni and 
Willis 2005).

Modern disposable pouch systems are designed to offer a variety of water treatment options to meet 
institutional needs and requirements. These pouch filling systems take up minimal space within the 
facility and can be conveniently connected to purified water and other treated water sources, including media 
filtration, UV-C reactor, and chlorine–acid proportioner. Utility connections are reasonable, requiring 
common electrical voltages and common water pressure and flow rates. An added benefit of these dispos-
able pouch systems is the ability to customize water treatment from production run to production run to 
meet the needs of discrete research projects. If medications are required to be used in the animal drink-
ing water, a silicone patch can be applied to the surface of the pouch, providing a leak-resistant means of 
introducing medications into the drinking water via small-gauge needle and syringe injection. The low 
volume of the pouch allows for conserving medication costs and for those instances where treatments 
are of a relatively short duration.

Pouches can be either filled and sealed on site with purified or treated water, or purchased prefilled 
with purified or treated water. The pouch filling equipment has a relatively high capital cost, paralleling 
that of other cage washing, bottle washing, and automated watering system equipment. Pouch volumes 
are typically 8 or 13 oz. by default; however, volumes less than 8 oz. can be produced to meet unique spe-
cies, research, or operational requirements. The pouch filling equipment that is currently available on the 
market can produce up to 700 or 1800 pouches per hour, depending on the equipment model. Adjusting 
for setup and shutdown time of the pouch filling machine, in a typical 8-hour workday one person can 
produce up to 11,700 or 4,550 pouches, respectively, and approximately 1,200 gallons or 462 gallons of 
reserve water, respectively.

The disposable pouch filling system is capable of producing a water product free from microbial 
contaminants. However, the exterior pouch surfaces should be tested periodically to reduce the risk 
of contamination. If testing reveals significant microbial contamination, facility personnel should use 
appropriate levels of PPE and disinfect the interior and exterior of the pouch containers with an appropri-
ate chemical disinfectant, such as chlorine dioxide.

Disposable water bottles and sipper caps have become more popular with the advent of disposable 
caging. Made of recyclable PET, these disposable bottle systems are available prefilled with acidified 
water or empty so that the bottles may be custom-filled on site at the LARF. Currently, the sole manufac-
turer of these disposable bottle systems also offers irradiation as an option for both prefilled and empty 
bottles. Designed to fit this specific manufacturer’s disposable caging system, the disposable nature of 
the product and exclusive use of this technology eliminate the need for the facility to invest in most of 
the bottle filling, washing, and sterilization equipment that is associated with a conventional LARF. 
In exchange for the initial capital investment required for most conventional cage wash facilities using 
conventional caging and bottles, facilities opting to use disposable caging and bottle solutions will have 
increased material, transportation, storage, and disposal costs and increased costs associated with inven-
tory management.

Disposable water pouch systems can be purchased with disposable drinking valves made of plastic 
polymers, or with drinking valves made with stainless steel that can be reused after sanitizing or steril-
izing. Filling systems are available that allow for the filling of disposable water pouches at the point of 
use in the animal holding and/or procedure rooms. These portable filling stations are typically located 
at an animal cage changing station and connected to the facility’s automated watering distribution sys-
tems. Treated water pouches are filled on demand as individual cages are changed or manipulated by 
husbandry or research staff.

The disposable water delivery systems offer additional benefits. The footprint required to store water 
is relatively small, particularly if vertical space is used. The use of these systems provides for the oppor-
tunity to develop a strategy to store water to ensure a continuous supply during drinking water supply 
interruptions and during those times when contingency plans are evoked. The production and collec-
tion of pouches in stackable containers stored on transport carts provides for easy transfer and efficient 
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storage to the animal holding and storage areas. From a contingency planning standpoint and during 
periods of unscheduled water outages, it is feasible to deliver animal drinking water stored in pouches 
to most laboratory animals maintained on other water delivery systems (Allen 2013; Joseph et al. 2016), 
including automated watering systems and water bottles. Water can easily be transferred from pouches 
to mobile bins, containers, or carboys and dispensed by way of gravity or with electrically driven sub-
mersible pumps. Evaluating the building or floor water distribution system layout and its connections to 
the water delivery system provides insight into how water can be recovered from disposable systems and 
delivered to other species by way of their typical water delivery system.

Gels

Used by commercial breeders and animal exporting institutions for hydration during animal transpor-
tation, gels have the unique characteristic of being largely composed of water available in a semisolid 
form. When provided in sufficient quantity during transportation, studies suggest that animals remain 
well hydrated and experience weight gains when provided with both hydration gel and diet (Fredenburg 
et al. 2009; Pruet et al. 2010).

Although water is the major component, incorporation of nutrients in a balanced manner allows for 
meeting both the water and nutritional needs of the animal. This approach is particularly useful in 
circumstances where conventional means of delivering water is not effective or where animals cannot 
physically access the water source. In a balanced combination with other feed nutrients, nutritive gels 
are useful for those circumstances where both water and conventional diets do not provide for the special 
needs of the animal. Nutritive gels are highly palatable and offer a solution for transitioning weanling 
animals to standard diets and, more importantly, where traditional methods of transitioning offspring to 
a water source may not be effective.

Gels may also be considered for use in those circumstances where supportive care is indicated in a 
research protocol (Khaing et al. 2012). Gels may also provide a convenient medium for postoperative 
analgesic delivery (Christy et al. 2014) or for continuous delivery of medications and compounds (Overk 
et al. 2011).

Consideration of the use of gels as an adjunct hydration method or nutritive supplement should take 
into account not only the benefits derived from their use, but also whether they are compatible with the 
objectives and predicted outcomes of existing and proposed research protocols. Discussion and coordi-
nation with prospective researchers is therefore highly recommended.

Conclusion

Water is an essential nutrient required to sustain life. However, water can introduce experimental vari-
ables to research studies and compromise animal health if the quality of the animal drinking water is 
not adequately assessed. Whether carrying out studies under GLP conditions or supporting a multi-
disciplinary research enterprise, the process for determining what type of water will be acceptable starts 
with assessing water quality.

There are a variety of methods presented here to address the treatment options for the water supply, 
the details of each water treatment option, and other hydration options to consider. The decisions to be 
made regarding water treatment methods are complicated. There is not necessarily only one option that 
will satisfy an institution’s needs, and within that institution, there may be multiple approaches needed to 
meet the research and animal health needs. The methods used to treat the water supply, and the solutions 
available for delivering water to research animals, are all interrelated components of managing labora-
tory animal resources. The availability and diversity of the continually evolving water purification solu-
tions, water treatment options, and delivery systems provide animal resource administrators numerous 
options for meeting the unique needs of the research community and should provide for the general and 
unique needs of laboratory animals in your charge. Careful consideration of the content of this chapter 
and familiarity with past and present trends in delivering water are paramount.
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Introduction

In-house breeding of animals of any species takes a deliberate effort and recognition of the costs not 
only in direct expenses, but also in animal numbers, space allocation, genetic monitoring, labor, and 
expertise. Breeding of commercially available animals is generally not recommended. Specific scientific 
justification should be identified before undertaking an in-house breeding program. Some factors to 
consider before developing breeding colonies include but are not limited to

• Are the animals available from commercial sources? If yes, why breed them in-house?

• How much space can be allocated for this colony?

• Which breeding scheme will be used—pyramid breeding regimen (foundation, pedigree 
expansion, or production colony) or a simple breeding of homozygotes for production?

• Are trained personnel available to manage the colony? (The most common reason for genetic 
variation is human error.)

• How many animals need to be generated per month or year?

• Will both sexes be used, and which genotypes will be used (homozygotes vs. heterozygotes)?

• What will be done with the offspring of the wrong genotype?

• How will costs be recovered (per diem, labor, space, or testing)?

• How will genetic drift be monitored?

• For larger species (dogs and primates), how many troops or breeders are necessary to maintain 
genetic diversity?

• Is cryopreservation an option to minimize the animal numbers?

From a purely cost perspective, in-house breeding programs for rodents are normally more expensive 
than commercial sources when calculating in all the above factors. With rodent colonies, there is also an 
underlying ethical question of how many animals should be produced before arriving at the necessary 
genotype and numbers required. There is always the question of what should be done with the colony 
when the funding ends or the study concludes.
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In this chapter, we cover breeding management of the most common species bred at academic and 
private research institutions. The chapter is divided into four sections corresponding to the species as fol-
lows: rodents, macaques and baboons, marmosets, and dogs. It is not an exhaustive management review, 
but we have kept it as practical as possible, with links to additional resources that will be of assistance in 
the management of your colonies.

Mice

Introduction

Although the following information concentrates on mouse colonies, the principles are the same for other 
rodent models. The laboratory mouse is an important biomedical research model. Each year, increasing 
numbers of highly specialized and sophisticated models are created in the hopes of developing more 
relevant and predictive models of human disease. Indeed, with the development and application of more 
sophisticated techniques of gene targeting and editing, including zinc finger nucleases, TALENs, and 
the CRISPR/CAS9 system, the creation of new models is expected to accelerate. With the escalating 
number of available mouse models come corresponding increases in cost, mouse holding space, and 
related resources needed to manage these animals. Consequently, the art and science of managing mouse 
colonies efficiently is more important than ever.

A primary decision impacting many academic researchers is the sourcing method of research models; 
options include commercial repositories and internal breeding. Such decisions should be considered 
carefully, as there are financial and ethical implications for the different approaches. Indeed, we have 
an obligation to ensure that mouse resources are used wisely and animal usage minimized to purpose-
ful and informative scientific experiments. In-house breeding can offer convenience, control, and cost 
savings if executed properly, and is often the only available approach to generate the mice of unique 
genotypes required for experimental cohorts. Frequently, however, the responsibility of breeding experi-
mental animals falls to the most inexperienced or junior members of a laboratory, which can result in 
animal and financial waste. Although not the primary focus of this chapter, there can be significant ben-
efits to purchasing mice from reliable suppliers or repositories; with such animals often comes a higher 
adherence to animal health and genetic quality standards that have significant impacts on data quality 
and reproducibility. In addition, when a full accounting of institutional costs (capital, overhead, labor, 
insurance, and direct costs) associated with internal breeding is appreciated, it has been recognized that 
significant institutional financial benefits can be achieved through the careful combination of external 
and internal animal sourcing.

The purpose of this section is to convey well-tested and effective strategies for maintaining laboratory 
mouse colonies in order to assist in managing colonies efficiently. There are standardized techniques and 
approaches that are reliable, economical, and efficient, and ensure that the mouse research produced is 
valuable and interpretable and minimizes the use of valuable resources (Jackson Laboratory 2009). This 
section provides important insights into husbandry methodologies, but they are guidelines only; every 
mouse facility is different, and techniques that work well at one may not work as well at other sites.

Calculating Colony Size

Calculating the Number of Breeders Needed

To properly size a mouse colony, you must first determine how many mice must be produced. To do this, 
a number of factors must be considered, including the following:

• The cohort size required for experiments and controls (age and sex matched)

• How often cohorts are required

• Which sex can be used

• What genotypes will be used
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• The percentage of offspring of each genotype, based on the mating scheme

• The age range that can be used

• Adding some buffer to accommodate variation in productivity (assume 10%)

For example, if a researcher needs 20 homozygous (hom) male mice per week at a single age from a 
heterozygous (het) × het cross, he or she will need to size the colony to produce 176 mice per week. This 
is 20 mice/week * 2 (males only) * 4 (25% homs) * 1.1 (10% buffer).

Steady-State Colonies

To determine the number of breeders required, the following factors must be accounted for:

• Average litter size (for a good breeder, one can assume six pups per litter).

• Average number of litters that a breeding female will produce (assume four for a good breeder).

• Rotation length (assume 32 weeks). Rotation length is the time from the mating of the animal 
to when the breeders are retired.

• Frequency of productive matings. Assuming a 15% nonproductive (NP) rate, the productivity 
for an average breeder would be 1-NP, or 0.85.

• Frequency of rotation.

The colony productivity is the average number of mice produced per breeder per week. To calculate 
colony productivity, divide the number of litters by the rotation length, and multiply by litter size and the 
NP frequency (4 ÷ 32 * 6 * 0.85 = 0.6375). To determine the number of breeders needed, divide the mice 
needed per week by the colony productivity (176/0.6375 = 276 breeders).

Finally, calculate the number of replacement breeders that will be needed per week (number of 
 breeders ÷ rotation length) and the number of additional breeders required to produce these additional 
mice (# replacements needed per week ÷ colony productivity). In the case above, het animals are pro-
duced in excess, so no additional breeding is required to provide replacements.

It is important to keep in mind a number of opportunities to minimize the number of animals being 
wasted in a colony. Modifying a breeding scheme to produce a higher percentage of mice with the cor-
rect genotype and using both sexes instead of one can greatly decrease the cost of producing mice. Also, 
using a combination of age range and cohort frequency to maximize the use of mice produced in the 
colony can also greatly decrease the cost of a colony.

Time Required to Expand Colonies

The average generation time for mice is 12 weeks. Assuming you start with five breeding females, to cal-
culate the time it would take to expand to 276 breeders, the colony manager can calculate the following:

• First 12 weeks: 5 breeding females × 3 females per litter × 0.85 (assuming 15% NP rate) = 12 female 
breeders produced

• Second 12 weeks: 17 breeding females × 3 females per litter × 0.85 = 43 females

• Third 12 weeks: 60 breeding females × 3 females per litter × 0.85 = 153 females

• Fourth 12 weeks: 213 breeding females × 3 females per litter × 0.85 = 543 females

Therefore, it will take ~48 weeks to expand this colony to 276 breeding females and consistently pro-
duce 20 hom male mice per week.

Monitoring the Productivity of Colonies

An extremely simple and effective way to monitor colonies is to track wean per cage (or weaning per 
breeding unit [WPU]). Wean per cage is the number of animals weaned in a week divided by the number 
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of breeder units. WPU can be monitored weekly to detect any change in breeder performance. A decrease 
in WPU can show a seasonal breeding slump or be indicative of some other problem, such as a change 
in the quality of feed or colony health status, or another unanticipated environmental factor, such as a 
change in the light cycle of the holding room. Changes in WPU allow colony managers an opportunity 
to increase or decrease colony size to meet the needs of investigators.

Burst Mating

If single, irregular, or rare cohorts are required, an alternative breeding strategy is to burst mate. Assume 
an investigator needs a single cohort of 20 male hom mice from a het × het mating. As shown above, the 
colony manager would still need to produce 176 mice. In order to produce numerous pregnant females at 
once, we can take advantage of the Whitten effect (Van Der Lee and Boot 1955; Whitten 1966). This is a 
phenomenon where when females are housed together and isolated from males for at least 7 days (Dalal 
et al. 2001), the females’ estrous cycle is suppressed (Lee–Boot effect). When those females are exposed 
to male pheromones, estrus is induced (Whitten effect). This will maximize the number of pregnancies 
that will occur in the same week (~60%). To determine how many female breeders are needed, divide the 
number of mice required by the litter size, divide by the productivity rate, and divide by 0.6 (176 ÷ 6 ÷ 
0.85 ÷ 0.6 = 58 breeding females). Consequently, if a researcher needed infrequent cohorts of 20 male 
hom mice, it would be more cost-effective to keep enough breeding age mice on the shelf to do periodic 
burst matings than to keep a colony that would produce 20 male hom mice every week. This will allow 
investigators to decrease colony size, reduce labor, and minimize cost.

Husbandry

Feed

According to the Guide for the Care and Use of Laboratory Animals (Guide) (NRC 2011), animals 
should be fed palatable, uncontaminated diets that meet their nutritional and behavioral needs at least 
once daily. Nutrition has a major influence on the growth and health of individual animals, and the 
productivity of breeding units. The National Research Council Committee on Animal Nutrition has 
prepared a report on the nutrient requirements of mice (NRC 1995). There are several types of diets clas-
sified by the degree of refinement of ingredients.

Natural-ingredient diets are formulated with agricultural products and by-products. Natural-ingredient 
diets for research mice are commercially available. Formulations for conventional and autoclavable 
natural-ingredient diets used successfully for many years include NIH-07 and NIH-31. The Jackson 
Laboratory primarily uses the natural-ingredient diet LabDiet 5K0Q (Flurkey 2009), although breeders 
from some strains perform better on a higher-fat diet, 5K20. If unsure, use the diet recommended for the 
background strain. Natural-ingredient diets are more likely to have contaminants that can affect produc-
tivity than other, more purified diets. Finally, variation in methods of processing, storing, and milling 
ingredients can influence the nutrient composition of natural-ingredient diets. Natural ingredients may 
contain low levels of naturally occurring or artificial contaminants.

Certified diets that have been assayed for contaminants are commercially available for use in select 
studies, such as preclinical toxicology, conducted in compliance with Food and Drug Administration 
(FDA) good laboratory practice standards (Code of Federal Regulations Title 21, 2009).

Purified diets are refined such that each ingredient contains a single nutrient or nutrient class; they 
have less nutrient concentration variability, and the potential for chemical contamination is lower. The 
purified diet formulations AIN-93G and AIN-93M have been developed and evaluated by a committee 
of the American Institute of Nutrition (AIN) as new standard reference diets (Reeves et al. 1993). These 
diets replaced the widely used purified diet AIN-76A (American Institute of Nutrition 1977).

Chemically defined diets contain the most elemental ingredients available, such as individual amino 
acids and specific sugars (NRC 1996). The latter two types of diet are more likely to be used for specific 
types of studies in rodents but are not commonly used because of cost, lower palatability, and a reduced 
shelf life.
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Bedding

Rodent bedding serves to absorb moisture and provide nesting material and warmth, and enables natural 
behaviors, such as burrowing (Manser et al. 1997). To ensure reproducibility of experiments, the type 
of bedding and background microbial load should be standardized (Kraft 1980). It has been reported 
that mice prefer bedding of wood origin, with aspen being the favorite from 10 different commercially 
available bedding materials (Mulder 1975; Odynets et al. 1991; Ras et al. 2002). Size and manipulability 
strongly determine preference for bedding particles, with mice preferring bedding consisting of large 
fibrous particles (Blom et al. 1996). Hardwood has the advantage of being cost-effective and physiologi-
cally inert, but it can be irritating and is not as absorbent as other materials (Odynets et al. 1991; Burn 
and Mason 2005). Moisture absorbency is an important characteristic of rodent bedding for controlling 
bacterial growth and ammonia production. Softwood is a cost-effective option, but has the same disad-
vantages of hardwood while also presenting a number of problematic physiological effects (Weichbrod et 
al. 1988; Pelkonen and Hanninen 1997; Sanford et al. 2002; Buddaraju and Van Dyke 2003). Measured 
by volume, corncob is the most absorbent bedding and is resistant to ammonia buildup, but is poor nest-
ing material (Smith et al. 2004; Burn and Mason 2005). Paper and cotton beddings are both highly absor-
bent, but the small particles can be irritating, particularly in the eyes of nude mice (Bazille et al. 2001; 
White et al. 2008). Providing bedding consisting of a mix of materials, such as aspen chip and shavings, 
can allow a good combination of absorbency and manipulability (Thigpen et al. 1989). The advantages 
and disadvantages of various types of bedding are summarized in Table 29.1.

Enrichment

Environmental enrichment is altering the living environment of an animal to provide opportunities to 
express more of their natural repertoire of behaviors. While there is no legal obligation to provide envi-
ronmental enrichment for mice, it is a moral obligation to do everything reasonable to ensure that mice 
are maintained in a manner that promotes their well-being. The presence of enrichment has been shown 
to reduce chronic stress in mice (Gurfein et al. 2012). The best choices for enrichment are those materials 
that provide opportunities for typical behaviors such as burrowing, nest building, or gnawing. Bedding 
composed of large particles is easily manipulated by mice to provide a substrate for burrowing and nest 
building. Additional enrichment should be provided for singly housed mice or those maintained on a 
bedding type that does not promote nest building, such as corncob. Suitable materials for nest building 

TABLE 29.1

Advantages and Disadvantages of Bedding Types

Bedding Type Advantages Disadvantages

Hardwood Cost-effective
Physiologically inert
Ammonia control? (Smith et al. 2004)
Preferred by rodents

Possibly irritating
Less absorbent
Ammonia control? (Burn and Mason 2005)

Softwood Cost-effective Possibly irritating
Less absorbent
Possible physiological effects

Corncob Nonirritating
Absorbent
Ammonia control 

Moderately expensive
Poor nesting material

Recycled paper, 
cellulose chips

Absorbent Expensive
Dusty
Possibly irritating

Cotton Absorbent
Ammonia control

Expensive
Possibly irritating

Source: Modified from Flurkey, K., ed., The Jackson Laboratory Handbook on Genetically Standardized 
Mice, 6th ed., Jackson Laboratory, Bar Harbor, ME, 2009.
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include Kimwipes, tissues without additives, and a number of commercially available nesting materi-
als (e.g., Nestlets and Alpha Twist). Shredded paper strips allow mice to build higher-quality nests than 
other materials, and rats prefer paper strips as a nesting material (Manser et al. 1997, 1998; Ras et al. 
2002; Hess et al. 2008). Mice that are housed individually for extended periods should also be given 
enrichment that encourages activity, such as climbing or hiding, including short lengths of polyvinyl 
chloride (PVC) pipe or commercial materials such as a Shepherd Shack, plastic “igloo,” or Bio-Tunnel. 
Male mice housed in a group show reduced stress when given enrichment, and numerous studies have 
shown that enrichment reduces aggressive behavior in group-housed mice and rats (Hunt and Hambly 
2006; Abramov et al. 2008; Abou-Ismail 2011; Swetter et al. 2011; Hutchinson et al. 2012; see also Van 
de Weerd and Baumans 1995). Notably, some studies have shown the opposite results, or no effect due to 
enrichment (Vestal and Schnell 1986; McGregor and Ayling 1990; Haemisch and Gartner 1994). In one 
example, nesting material alone promoted aggressiveness in group-housed male mice, but providing a 
shelter, in addition to nesting material, prevented intracage fighting (Kaliste et al. 2006).

Light Cycle

The light cycle in a mouse room is typically 12 hours of light and 12 hours of darkness or 14 hours of 
light and 10 hours of darkness. A longer light cycle is practically useful because it allows technicians 
more time to work, but it may also have beneficial effects on breeding based on the fact that a longer 
light cycle correlates with seasonal changes that provide optimal breeding conditions (Trainor et al. 
2006; Steinman et al. 2012). Interruptions of light cycle should be avoided because of the importance 
of photoperiod in normal rodent physiology, affecting such things as aggression level and reproductive 
development (Nelson et al. 1997; Silva et al. 2010). Mice are a nocturnal species, but most testing of mice 
occurs during the light phase for practical reasons. For many experiments, testing mice during the dark, 
active phase is optimal. For this reason, some animal rooms operate on a reversed light cycle (Yang et al. 
2007). In such rooms, it is important that animal care staff only enter the room during the light phase. If 
staff or experimenters need to enter the room during the dark cycle, they should use night vision goggles 
or equip the room with red lights due to the fact that murine eyes are insensitive to red light. If superovu-
lating mice, variable light cycles will be required for certain strains.

Housing Type

The primary housing types used for laboratory mice include conventional static cages, microisolator 
cages, individually ventilated cages (IVCs), and flexible film plastic isolators. The choice of housing can 
affect the spread of airborne microorganisms, the transfer of nonairborne fomites, and the effectiveness 
of ventilation. Conventional shelving has the advantages that it is the least expensive and allows easy 
access to the animals, but provides the lowest level of protection from pathogens and potentially poor 
air circulation. Use of static caging may necessitate adjusted husbandry practices, including cage change 
frequency, to improve the environment. Microisolator cages are similar to conventional cages but have 
covers containing high-efficiency particulate air (HEPA) filters. Microisolators provide a higher level 
of pathogen protection than conventional cages but may have worse air circulation. Microisolators pro-
vide a cost-effective way to provide a higher level of pathogen protection to parts of a room. A major 
advantage to IVCs is increased frequency of air changes and a reduction in the ammonia levels within 
cages (Smith et al. 2004). Numerous studies have demonstrated detrimental health effects of increased 
ammonia levels on rodents (Serrano 1971; Broderson et al. 1976; Gamble and Clough 1976; Tepper et 
al. 1985; Berg et al. 1986; Van Winkle and Balk 1986). IVCs also typically use HEPA-filtered air that is 
very effective at preventing contamination of animals by other cages or room personnel (Feistenauer et 
al. 2014). IVCs may also be designed so that the air pressure in the cage is positive relative to the sur-
rounding environment, providing an additional level of protection for prevention of cross-contamination 
between cages. Some lines of mice may not breed well in IVCs due to excessive vibration or air changes 
(Tsai et al. 2003). Also, animals in IVCs may have difficulty thermoregulating, and can show decreased 
body weight and increased anxiety-related behavioral responses compared with those housed in static 
caging (Bilkei-Gorzo et al. 2008; Kostomitsopoulos et al. 2012; David et al. 2013). For many bedding 
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types, IVC housing systems allow a reduction in cage change frequency compared with static cages 
(every 2 weeks vs. weekly) (Reeb-Whitaker et al. 2001; Ferrecchia et al. 2014). Flexible film plastic iso-
lators are stand-alone units with filtered air that provide pathogen protection comparable to that of IVCs 
while allowing a flexible solution for light mouse loads. Isolators can be pushed together to maximize 
floor space economy without inhibiting air circulation. An additional advantage to isolators is that a 
contamination will impact a small number of boxes rather than an entire room. When mouse rooms are 
renovated, researchers should be aware that changing the type of caging can modify the phenotype of 
genetic models (Logge et al. 2013, 2014).

Pair versus Trio versus Harem Mating

While the eighth edition of the Guide provides recommendations of minimum space for laboratory 
rodents, it also advises that space requirements should be assessed and modified as necessary according 
to performance indices (NRC 2011). For breeding units, mice are most often mated in pairs or trios or as 
harem matings. Pair matings are used for pedigreed stocks where lineage tracing is required, or in cases 
where breeding as trios is unnecessary. For example, in a strain where litters are large, having two litters 
in one cage could result in overcrowding and increased mortality and/or prewean discard. Trio breed-
ing units are very common, have been used successfully at many institutions, and occur very frequently 
in mouse populations (Branchi 2009; Gaskill and Pritchett-Corning 2015). Pups produced in trio units 
show faster growth rates than young raised by single females (Sayler and Salmon 1969). Trios maximize 
breeding efficiency because both females will help care for the young, and are most appropriate for 
strains that generate small litters or are difficult to breed. Harem matings (defined as one adult male and 
three or four adult females) are useful when the breeding potential of each male has to be maximized. 
For example, SOD1G93A mice, a model for amyotrophic lateral sclerosis (ALS), are often harem mated 
because transgenic carrier males have a limited productive breeding life due to the progressive, degen-
erative neurological phenotype. Harem mating maximizes the number of offspring that can be produced 
from each breeder male. When harem mating is used in conventional shoebox cages, females must be 
removed from the breeder unit when visibly pregnant. This separation of the pregnant females makes it 
impossible to take advantage of postpartum estrus in females. As described below, in vitro fertilization 
(IVF) may provide an attractive alternative that allows many animals to be produced from a single male 
even more efficiently than harem mating.

Timed Pregnancy

A practical approach to obtaining rodent embryos is to mate the male and female, and then check the 
female early the following morning for a vaginal plug. The plug is made of coagulated secretions from 
the accessory sex glands of the male, and persists for 8–24 hours after mating. The plug can be visual-
ized by lifting the female by the base of the tail and examining the vaginal opening for a whitish mass. 
It can also be felt with a toothpick or pipette tip. The morning of plug detection is considered gestational 
day 0.5.

The presence of a vaginal plug does not guarantee pregnancy. In rodents, the estrous cycle lasts 
approximately 4–5 days (Nelson et al. 1982). The estrous cycle is divided into four stages: proestrus, 
estrus, metestrus, and diestrus. Typically, only ~10% of females are in the correct stage of estrous to 
become pregnant. This can be improved somewhat by using the same effects described above for burst 
mating, the Lee–Boot and Whitten effects. The success of timed pregnancy matings may be signifi-
cantly improved by identifying females in proestrus (Byers et al. 2012). This can be done visually for 
mice, and improves the success of timed pregnant matings to as high as 90%. An alternative method 
to identify mice in proestrus is by collecting and analyzing vaginal secretions (Caligioni 2009). In 
the proestrus stage, vaginal secretions predominantly consist of nucleated epithelial cells. Several 
groups have published protocols to synchronize estrous using injections of progesterone (Hasegawa 
et al. 2016) or a combination of cloprostenol and progesterone (Pallares and Gonzalez-Bulnes 2009). 
Pregnancy can be confirmed by palpation or weight gain as early as gestational day 7 (Mader et al. 
2009) (Figure 29.1).
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Social Housing of Mice

According to the Guide, appropriate social interactions among members of the same species are essential to 
normal development and well-being (NRC 2011). In rodents, the effects of social deprivation appear to be 
critically dependent on the specific isolation conditions, in particular maternal deprivation versus peer iso-
lation, and the age at which the isolation was experienced. At any age, social deprivation acts as a stressor. 
Isolation of adult rats is associated with changes in food consumption, which can affect body weight and 
potentially longevity (Georgsson et al. 2001). In mice, social isolation during adolescence increased volun-
tary ethanol intake (Lopez and Laber 2015). In adult mice, single housing has been shown to lead to lower 
body weight, as well as increase depressive or anxiety-like behavior (Kalliokoski et al. 2014; Demuyser et 
al. 2015). Also, group housing can reduce levels of anxiety and depression induced by chronic stress (Liu et 
al. 2013). As such, rodents should be housed in compatible same-sex or breeding groups whenever possible.

There are circumstances where mice must be housed individually. Approval for individual housing 
should be secured from the Institutional Animal Care and Use Committee (IACUC) before housing 

(a) (b)

(c) (d)

FIGURE 29.1 (See color insert.) Four stages of estrous in Balb/cByJ mice. (a) Proestrus. (b) Estrus. (c) Metestrus. 
(d) Diestrus. (Reprinted from Byers, S.L. et al., PLoS One, 7, 4, 2012.)
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mice individually. Singly housed mice should be given supplemental nesting materials, as well as envi-
ronmental enrichment that will encourage activity such as gnawing, climbing, or hiding. Normal reasons 
for individual housing include

• Particularly aggressive animals may need to be removed from group housing situations.

• Males used as studs outside of permanently maintained breeding units cannot be group housed 
with other males because of aggressive behavior.

• In studies involving aging, individual mice may eventually outlive their cage mates and end 
up living alone. Recombining these mice is a stressor that might adversely affect scientific 
objectives.

• Other situations may arise that necessitate individual housing and should be considered on a 
case-by-case basis.

Quality Control

Genetic Quality Control

There are numerous examples of genetic contamination in both commercial and private colonies of mice. 
The strain C57BLKS arose through the inadvertent crossing of C57BL/6J and DBA/2J mice (Naggert et 
al. 1995). More recently, a lab at Harvard found that the immune phenotype they were studying was due 
to a spontaneous mutation that created a copy number variant in the C57B6N/6Hsd substrain (Mahajan 
et al. 2016). These rare breeding errors will change strain characteristics substantially and compromise 
the reproducibility of experimental data. It is important that genetic monitoring is routinely conducted 
to maintain the authenticity of murine strains. The most effective way to prevent genetic contamination 
is for all technicians and researchers to be observant and diligent with record keeping and animal care. 
Simple steps to minimize the chances of strain contamination include

• Ensure adjacent strains are as phenotypically and genotypically distinct as possible, including 
minimizing housing colonies of the same coat color adjacent to one another

• Use different color cage cards to make each colony visually distinguishable

• Maintain diligent breeding records

• Rigorously monitor all aspects of phenotype during routine colony management

• Practice animal handling techniques that minimize the chances of an escaped animal

• Cryopreserve strains as a backup

Monitoring Genetic Background

Panels of single-nucleotide polymorphism (SNP) markers are an excellent tool for periodic monitoring of 
genetic background (Petkov et al. 2004a, 2004b). At the Jackson Laboratory, all breeders in foundation 
stock colonies are monitored using a 32-SNP panel to identify and eliminate possible contaminations 
before they can propagate through the colony. Pedigreed and production colonies from each strain are 
randomly monitored at least once per year.

Genotyping Confirmation

Strains containing mutated alleles that are maintained as hom colonies should have breeders in founda-
tions and pedigreed colonies routinely confirmed by polymerase chain reaction (PCR) genotyping to 
ensure the genotype of the breeders is correct. It is also advisable to routinely confirm the genotype of 
mice in pool colonies that are transported from one institution to another, or even to different mouse 
rooms within the same institution, as much as is possible. For transgenic lines, it may be necessary to 
monitor transgene copy number or, as in the case of Huntington’s disease models, repeat size (Zwiegers 
et al. 2014).
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Preventing Genetic Drift

Spontaneous mutations are random and occur at a low mutation rate in most genes. Estimates of muta-
tion rates in mammals vary widely depending on the ascertainment method, the types of genes assessed, 
and the calculation method. Inbred strains will acquire new mutations in the germline with each suc-
cessive generation. Genetic drift is the random change in the frequency of a gene variant. Accumulated 
genetic drift can impact any aspect of an animal’s phenotype, including breeding performance. This 
is especially important in small colonies, since the chance of a mutation becoming fixed is equal to its 
prevalence in that population (Kimura 1983). After 20 generations of intercrossing, a line is considered 
to be a substrain. Strategies to minimize genetic drift include cryopreservation and backcrossing. For 
inbred strains, once a good line is identified, embryos may be frozen and periodically used to refresh 
the colony in order to reduce the number of generations animals are bred and minimize genetic drift. 
While there is no golden rule for when to refresh, a good rule of thumb is to refresh a colony after 
10 generations of breeding. Lines with mutant alleles may be maintained by continual backcrossing to 
the appropriate inbred background, or can also be cryopreserved using sperm or embryos. If backcross-
ing or cryopreserving using sperm, it is important to get inbred breeders or oocyte donors from a reliable 
commercial breeder with a program to maintain genetic stability (Taft et al. 2006). This will prevent the 
accumulation of genetic drift and ensure that the strain has a constant genetic background.

Identification of Individual Mice

There are many options to identify individual mice. Temporary forms of identification include mark-
ing the mice with a felt-tip marker, dying the fur, or clipping the fur. All these are of limited duration 
and also may be restricted to light-colored mice. The most common forms of permanent identifica-
tion include ear notching and ear tagging. More unusual options include radio frequency identification 
(RFID) microchips. Each method has advantages and disadvantages. Ear notches are easily misread, and 
can move as the animal grows. Ear tags can fall out. Microchips implanted subcutaneously can move or 
be difficult to scan. Also, none of these permanent ID methods can be used on neonatal mice. For young 
mice, toe clipping and tattooing are reasonable alternatives, and may be used on neonates. Investigators 
must work with the IACUC to decide what methods are appropriate.

Breeder Selection

Breeder selection is key to preserving the phenotype of a strain. Desirable animals are those exhibiting 
the expected phenotype and not exhibiting undesirable traits and characteristics. For individual colonies, 
breeders are selected by established criteria based on the strain’s breeding performance, pedigree lin-
eages, and individual strain characteristics. New breeders come from lineages that have expected breed-
ing characteristics. The criteria for defining normal breeding include litter frequency, litter size at birth 
and weaning, frequency of NP matings, development of expected phenotypes, and absence of abnormal 
phenotypes. For strains with segregating genotypes, select breeders that produce progeny genotypes at 
or near the expected Mendelian ratios. Lineages that deviate from these criteria should be eliminated and 
special care taken to breed away from unacceptable characteristics.

Pedigreed Colonies

Pedigreed colonies allow the tracking of each breeder pair and their progeny to their ancestors. Records 
are tracked by a unique pedigree number assigned to each mating in pedigree charts and on individual 
cage cards. The pedigree allows traceability to avoid the inadvertent fixation of unwanted mutations, espe-
cially mutations that affect reproductive performance or alter the expected phenotype. When such a muta-
tion is suspected, it is necessary to rid the breeding colony of all copies of the mutation that may be carried 
as het by individuals that appear unaffected. It is advisable to maintain multiple parallel pedigreed lines 
of each strain derived from a common progenitor, and two or three generations of each line on the shelf. 
If an individual lineage produces an unexpected phenotype, animals in that line should be eliminated.
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Pool Colonies

Offspring of pool colonies are pooled at wean, so any unexpected phenotype that presents among inven-
tory in a pool colony cannot be traced back to an individual breeder pair. For this reason, pool breeders 
should only be one generation removed from pedigree breeders. Pool-to-pool breeding should be avoided 
when possible. If breeders in the pool colony have come from a different room and contain a known 
mutation, the genotype of the breeders should be confirmed at mating.

Record Keeping

To evaluate the breeding performance of a mouse colony, meticulously maintain accurate records and 
examine them regularly. The sooner a problem is detected, the sooner it can be corrected. The following 
habits should be cultivated:

• Investigate deviations in breeding performance immediately.

• Compare your colony’s performance with that characterized by your supplier. If mutant strain 
data is unavailable, use data for the inbred strain.

• Keep a colony’s environmental conditions stable and keep detailed records of environmental 
parameters.

Tips for Breeding Mouse Lines

General Information about Mice

The following list is modified from Flurkey (2009).

Number of chromosomes 20

Gestational length 18–21 days

Birth weight 0.75–1.5 g

Litter size 2–12 pups

Wean age 18–28 days

Sexual maturity 28–60 days

Adult weight 20–40 g

Estrous cycle 4–5 days

Reproductive life span (female) 6–12 months

Reproductive life span (male) 12–14 months

Life span 1.5–3 years

Optimizing Breeding Performance

Replacements. Maintain breeder units of various ages by replacing a percentage of them monthly 
or weekly. A colony of mixed-age breeders produces a more consistent number of pups than 
does a colony of even-aged breeders.

NP breeders. As a general rule, replace breeders that do not produce litters within 90 days of their 
birth date, if it has been 60 days since the last litter, or if they produce two or three consecutive 
litters that do not wean any pups.

Use young mice. Mate mice that are 6–8 weeks of age. Pairing young females with older males 
may also improve breeding.

www.ebook3000.com

http://www.ebook3000.org


685Management of Research Animal Breeding Colonies

Improving Breeding for Difficult Strains

Fostering

Females of some strains are poor mothers, or have a phenotype that can impact the female’s ability to 
care for her young. In these cases, fostering is a relatively simple option. The foster mother must have 
a healthy litter of her own that is within 1 or 2 days of age of the fostered pups. It is helpful if there is 
a coat color difference between the natural pups of the foster mother and the fostered pups. The foster 
litter should be no larger than the natural litter. To foster, remove the foster mother from the cage. Place 
the foster litter in the mother’s home cage and cover them with some nesting material or bedding so they 
acquire the foster mother’s scent. Alternatively, hold the dam over the foster litter until she urinates on 
them. Observe the pups for a day or two to make sure the foster mother is caring for the litter. Strains that 
make excellent foster mothers include CD1 and FVB.

Ovarian Transplants

Some strains of mice produce normal gametes but cannot sustain a pregnancy. Other strains can breed 
normally, but develop a degenerative neurological phenotype that limits their reproductive life. In these 
cases, it can be advantageous to maintain a colony using ovarian transplants. Ovaries are removed from 
the donor female and transplanted into a recipient female. The donor ovaries may be cut in half so that 
a single donor can produce four ovarian transplant (OT)-recipient female breeders. Two key factors in 
determining a suitable recipient strain are histocompatibility with the donor and a coat color difference. 
If the recipient female’s ovaries are not completely removed, some pups may come from the recipient 
female’s gametes. Coat color differences offer a simple way to distinguish between the donor and recipi-
ent female’s gametes. For strains containing mutant alleles, genotyping can also be used to verify that 
pups are derived from the donor ovary.

In Vitro Fertilization

IVF can be used to produce embryos for cryopreservation, create large cohorts of age-matched mice for 
experiments (a speed expansion), or rapidly expand a colony’s size. This saves months compared with 
traditional breeding and only requires a single male mouse. Superovulated females are used as oocyte 
donors and eggs are fertilized in vitro. Viable embryos are transferred into pseudopregnant recipients. 
An additional advantage is that IVF provides an opportunity to simultaneously improve a colony’s health 
status.

Allele-Specific Genotyping and Unwanted Alleles

Strains carrying regions flanked by loxP sequences can have the DNA between the loxP sites removed by 
an allele expressing cre recombinase. The Jackson Laboratory’s Cre Repository of driver lines has more 
than 300 strains. Many more exist in individual labs, and they are often genotyped using generic Cre 
assays. When maintaining multiple lines, an accidental cross-contamination between lines that contain 
different Cre alleles is undetectable. It is advisable, whenever possible, to develop an allele-specific assay 
so genotyping results will be specific for the allele being tested.

Crossing Cre or Flp drivers with strains containing LoxP or FRT cassettes presents additional com-
plications. A number of Cre-expressing strains have been shown to have unexpected low-level germline 
expression. In these cases, when crossing to a strain with a LoxP cassette, it is possible that a germline 
null will be created. If not specifically testing for the allele that has the LoxP cassette deleted, an investi-
gator may be unaware that there are two distinct segregating alleles present. This can confound genotyp-
ing and experimental results. When performing this type of cross, it is advisable to design an assay for 
the LoxP-recombined allele and test for it as an unwanted allele.

In addition to deleted LoxP and FRT cassettes, there are a number of other common alleles that can be 
tested for as unwanted alleles. When importing a new strain, it is a good quality control check to assay 
for other common alleles using generic primers. In addition to Cre and Flp, these include commonly used 
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genes, such as Neo, GFP, LacZ, and luciferase. Some commercially available high-density platforms 
using SNPs provide the opportunity to confirm background, as well as test for a range of unwanted con-
taminating alleles at a very reasonable cost.

Macaques and Baboons

Introduction

Survey results regarding the use of nonhuman primates during calendar years 2010 through 2012 indi-
cate that the most nonhuman primates used in biomedical research and testing in the United States were 
from three species: Macaca fascicularis (cynomolgus macaque), Macaca mulatta (rhesus macaque), and 
Macaca nemestrina (pigtail macaque). Cynomolgus macaques were the most frequently used, followed 
by rhesus macaques (Lankau et al. 2014). More recent data for importation of macaques into the United 
States indicates that 23,003 cynomolgus and 649 rhesus, but no pigtailed, macaques were imported in 
2014 (Kelley 2014). These animals were imported from China, Vietnam, Mauritius, and Cambodia. 
Therefore, the majority of nonhuman primates used in biomedical research and testing in the United 
States (i.e., cynomolgus macaques) are born and raised outside the United States.

Cynomolgus and pigtailed macaques are successfully reared in outdoor or sheltered enclosures, which 
lack environmental temperature support, without significant weather-related infant loss in tropical coun-
tries of origin (i.e., Mauritius, Indonesia, Vietnam, Cambodia, and Hainan Island China). Therefore, 
production of cynomolgus, as well as pigtailed, macaques outside the United States is attractive due to 
lower costs where animals that breed throughout the year can be raised in a more natural social structure 
in a warm environment that more closely adheres to their natural habitat.

However, there are challenges associated with production and importation of nonhuman primates 
from foreign sources. Many commercial airlines have significantly restricted or totally banned shipment 
of cargoes of nonhuman primates, making importation of smaller numbers of animals difficult and limit-
ing shipment of these animals to charter flights. This has significantly increased the cost of shipping and 
stress to animals associated with handling large numbers of animals for preshipment testing, loading, 
and unloading, and during postarrival quarantine.

Facility construction and maintenance and animal care and management at foreign production sites are 
extremely variable. Before selecting foreign animal producers as sources for animals to be used in research 
or testing, the production sites should be audited to ensure that (1) the facilities are appropriate and well main-
tained, (2) the animals in the production colonies are legally obtained and shipped appropriately, (3) ade-
quate and consistent nutrition is provided, (4) adequate sanitation practices are employed, (5) and adequate 
veterinary care and health monitoring are provided by appropriately trained and experienced veterinarians.

This section considers basic reproductive physiology and management considerations for the three most 
commonly used macaque species previously listed and baboons (Papio spp.). This discussion is necessar-
ily limited in scope, and readers are directed to more detailed information on this topic located in a recent 
review (Tardif et al. 2012), as well as extensive numbers of publications available in the scientific literature.

Physiology

Female macaques and baboons exhibit a menstrual cycle similar to that of women, where the lining of the 
uterus is periodically sloughed associated with stages of the endocrine reproductive cycle (Saltzman et 
al. 2011). Thus, these animals are good models for studies involving reproductive biology, and menstrual 
cycle parameters are used for managing reproduction of these animals in the laboratory for research-
associated purposes, as well as production of these animals for basic science and pharmaceutical devel-
opment and testing. Female rhesus, cynomolgus, and pigtailed macaques are sexually mature at about 
3.3 years of age, while female baboons (Papio sp.) are sexually mature at about 4 years of age. Generally, 
males reach sexual maturity at a slightly younger age than females, but may not be behaviorally and 
socially mature enough to mate successfully.
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The menstrual cycle may range from approximately 26 to 30 days for macaques and 33 days for baboons. 
The beginning of the cycle is usually considered to be the day of menstruation onset. Menstruation may 
be detected overtly by observation of blood in the perineal region. Menstruation is followed by the fol-
licular phase when the ovarian follicles are developing. The follicle phase culminates in the ovulation 
phase when the eggs are released from the follicles, followed by the luteal phase. The fertile period is 
during the late follicular phase and ovulation phase. Depending on some differences between the species 
and individuals, the fertile period is generally between the 10th and 14th days of the menstrual cycle.

For timed mating, where females are exposed to males for limited periods of time or for artificial 
insemination, a method to determine optimal fertility for individual animals is to determine the average 
menstrual cycle length for the previous three cycles, divide the average cycle length by two, and subtract 
three. The female is then exposed to the male or artificial insemination is performed for two or three 
subsequent days (Hendrickx and Dukelow 1995).

Female reproductive cycles may also be exhibited by changes in sex skin in the animals’ perineal 
region. These sex skin changes are associated with cyclic hormonal changes that occur during the men-
strual cycle. Rhesus macaques may demonstrate increased sex skin erythema and sometimes edema 
nearing the ovulatory phase of the cycle. Cynomolgus and pigtailed macaques demonstrate edema of 
the sex skin, but usually no marked change in skin coloration (Fortman et al. 2002). While noticeable in 
many animals, these sex skin changes are not consistent predictors of maximum fertility, time of ovula-
tion, or pregnancy.

Baboons demonstrate very dramatic changes in perineal sex skin associated with the stages of 
the menstrual cycle, with maximum tumescence and a deep red coloration observable near ovula-
tion. Identification of ovulatory phases of the reproductive cycle can be more precisely identified by 
quantitative measurement of ovarian and pituitary reproductive-associated hormones in the serum 
or urine (Tardif et al. 2012). Measurement of these hormones is particularly useful when employed 
to support artificial insemination and assisted reproductive technologies (Wolf 2004; Kubisch et al. 
2006; Simerly et al. 2010).

Pregnancy Detection

In a typical macaque and baboon production setting, the most practical and quickest methods for preg-
nancy diagnosis are by palpation and ultrasonography. External abdominal palpation can be used to 
detect pregnancy by late in the first trimester. Bimanual palpation, where a finger of one hand is inserted 
in the rectum and the other hand supports and palpates the abdomen externally, can detect pregnancy as 
early as 16 days gestation when conducted by experienced individuals (Hendrickx and Dukelow 1995).

Ultrasonography is a highly reliable method for pregnancy diagnosis, as well as determining fetal 
viability, assessing fetal development and age, and assessing uterine health and placental condition, 
location, and disease (Brizzee and Dunlap 1986; Tardif et al. 2012). Pregnancy can also be determined 
through methods that measure the presence of chorionic gonadotropin in the serum or urine (Tardif et al. 
2012); however, these methods require collecting samples from the animals, take time and laboratory 
equipment and support to complete, and are generally no more accurate than palpation or ultrasonog-
raphy procedures that are performed by well-trained and experienced personnel. It is not unusual for 
females to demonstrate implantation bleeding during the first month of pregnancy. This is a normal 
event, but may be confused with reentry into the menstrual cycle.

Fetal loss does occur during pregnancy, with the majority of fetal mortality occurring early in preg-
nancy (Tardif et al. 2012). Because parturition tends to occur during the nighttime hours, animals with 
dystocia may not be observed until the fetus is dead or in severe distress. Additionally, dystocia may not 
be detected in animals housed in group enclosures or more naturalistic environments until the dam dem-
onstrates signs of severe distress and illness. Dystocia has been attributed to many factors (Small 1982; 
Stockinger et al. 2011). However, certain practices, such as air transportation (Sackett 1981) and daily 
capture and handling (Newell-Morris et al. 1989; Tarantal and Hendrickx 1989), that would be expected 
to induce stress and perhaps adversely affect fetal viability do not seem to adversely affect pregnancy 
outcome.
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Colony Management

Macaques and baboons have been produced using a variety of housing and breeding strategies, includ-
ing free ranging on islands (with or without food supplementation); in large groups with multiple males 
and females housed in outdoor corral or field cage enclosures; in harem units with usually one male, but 
sometimes two, and multiple females in smaller sheltered pens or corncribs (that may or may not have 
some degree of environmental temperature control); and in cage housing (Kelley and Crockett 2012).

Cynomolgus, rhesus, and pigtailed macaques and baboons have menstrual cycles, ovulate, and give 
birth throughout the year, while rhesus macaques have a strong seasonal cycle, usually having fertile 
mating in the fall and giving birth in the spring or early summer. The seasonality of production is an 
important consideration when determining the feasibility of breeding cynomolgus or pigtailed macaques 
in facilities that are not environmentally controlled. Cynomolgus and pigtailed macaques are from tropi-
cal environments and do not tolerate cooler temperatures well. When infants of these species are born 
during the winter months in outdoor or sheltered but not environmentally controlled facilities, there may 
be a high infant loss.

Rhesus macaques typically do not have infants born during the cooler winter months. Therefore, 
these animals will produce well in outdoor or sheltered housing, without any or minimal environmental 
temperature control, in geographical areas with mild winters and warm weather during the spring and 
summer.

Baboons are more tolerant of cool temperatures and may not experience significant infant mortality 
if infants are born during cooler weather, as long as shelter and environmental temperature support are 
available.

Social Structure

In the wild, macaques and baboons live in large groups or troops comprising multiple male and female 
adults with progeny. Females form matriarchal hierarchies that tend to remain stable throughout mul-
tiple generations, with female progeny assuming the rank of their mothers. At maturity, males move 
out of their birth group and eventually join other established troops or form their own separate social 
groups.

When breeding in groups (either harems or multimale configurations), it is best to maintain the social 
structure within the groups to the extent possible to maximize production success and reduce fighting 
and fetal or infant mortality. Rhesus macaques tend to be most resistant to changes in social structure, 
with fighting and potentially severe injury or death often associated with forming new groups of adult 
animals, the introduction of new animals, the removal of high-ranking males or females, or other manip-
ulation of the social hierarchy. Cynomolgus macaques and, to a lesser extent, pigtailed macaques and 
baboons tend to be more tolerant of changes to social structure (Williams and Bernstein 2012).

Pregnancy Successes

Pregnancy rates (number of documented pregnancies/average number of females at risk for pregnancy) 
for different production schemes vary considerably and range from approximately 40% to 80% (Tardif 
et al. 2012). Most females can produce one infant per year. For management of production colonies, an 
even more useful statistic is the number of progeny that survive to 1 year of age per female at risk for 
pregnancy, since most infant mortality occurs within a fairly short time after birth and infants that live 
to a year of age will likely survive to adulthood and/or for use for research or testing. If the average 
number of surviving infants per breeding female is 70%, you may expect 100 adult females at risk of 
pregnancy to produce 70 surviving progeny per year, with approximately 50% male and 50% female 
offspring. If the colony is self-sustaining, some offspring will have to be held for breeder replacement. 
The number of animals to be held for breeder replacement depends on the age of retirement of the active 
breeders. The prime production age tends to be from about 4 to 8 or 9 years of age for females (older 
for males). Primiparous females tend to be less attentive mothers, with a higher incidence of infant 
mortality.
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Within the last couple decades, there has been an increased interest in acquiring macaques that 
are free of certain diseases that may affect research or are of concern for human occupational health 
considerations. This has led to efforts to produce specific pathogen-free (SPF) animals. The targeted 
agents to be eliminated or excluded for SPF status may vary but usually include Mycobacterium tuber-
culosis, Macacine herpes virus 1, simian immunodeficiency virus (SIV), simian retrovirus D (SRV-D), 
and simian T lymphotropic virus (STLV) (Morton et al. 2008). Because eliminating these agents from 
established breeding colonies is time-consuming and expensive, and slows production efforts, newly 
established breeding colonies should be started with the goal to either exclude these agents initially or 
rapidly eliminate infected animals from the colony.

In order to avoid introduction of excluded infectious agents, there is an interest in closing breeding 
colonies to new introductions from outside the institution or facility. It is paramount to maintain pedigree 
records and establish breeding programs to reduce inbreeding to achieve maximum heterozygosity. Pair 
mating and single-male harem breeding allow for parentage to be more readily recorded. Animals in 
large multimale and multifemale breeding groups may have to be genetically tested so that inbreeding 
can be avoided to the extent possible (Kanthaswamy et al. 2010).

Nutrition and Feeding

Animals should be fed a high-quality diet that has been appropriately supplemented with essential vita-
mins and minerals. Nutrient requirements for nonhuman primates were recently reviewed (Powers et al. 
2012), along with a somewhat dated but detailed review of available information regarding nonhuman 
primate nutrition (NRC 2003).

Some macaque and baboon colony managers feed production animals diets with a higher protein con-
tent, approximately 25%, compared with approximately 15% for a standard diet. Group-housed animals 
should be offered food in a quantity and manner that allows all animals to have adequate access to food. 
Routine weighing of group-housed animals is a way to ensure that all animals are getting sufficient 
nutrition to meet their needs. Nonhuman primates are frequently provided novel food supplements (e.g., 
nuts, grains, fruits, and vegetables) to provide additional enrichment, as well as provide an additional 
source for essential vitamins (e.g., vitamin C). As with the regular diet, dietary supplements intended for 
enrichment should be provided in a manner that ensures that all animals can access the supplements and 
they do not become the primary source of nutrition or cause illness or severe social conflict (Figures 29.2 
through 29.5).

FIGURE 29.2 Corn crib housing structures.
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FIGURE 29.3 Corral housing for macaques.

FIGURE 29.4 Baboon indoor corral housing.
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Marmosets

Marmosets are small, South American monkeys that are highly territorial and normally live in groups 
with only one reproductive female and one reproductive male. They are arboreal and have well-developed 
visual, olfactory, and auditory communication systems. In the wild, they are both a predator and a prey, 
and so have well-developed vigilance systems and spend much time scanning the environment for signs 
of danger. They cooperatively raise their offspring—fathers and older offspring will carry infants and 
provide them with solid food.

Housing

The temperature in marmoset housing and breeding rooms should be maintained between 22°C and 
30°C, and relative humidity is recommended between 40% and 70% (Heger 1983). However, marmosets 
maintained indoors in drier climates may acclimate to lower humidity and develop clinical signs of a 
poor hair coat when exposed to humidity above 40%. The air exchange rate of 10–15 per hour is accept-
able for the housing room if appropriate temperature and humidity are maintained. Sudden loud noises 
should be minimized.

Marmoset caging should provide ample space and diverse surfaces that promote natural behaviors. 
Provision of wooden perches and extensive mesh surfaces ensures that the animals can both see other 
animals in a room and use those surfaces for locomotion. Marmosets spend a significant amount of 
time clinging to vertical surfaces, including mesh cage walls. The other important aspect of the cage 
environment is a nest box. This should be positioned high in the cage design and serves as a resting area 
that gives each animal the opportunity to remove itself from view. This feature provides animals with 
an extra level of control over their visual interactions with others. A simple nest box can be created by 
cutting a hole in the side of a 1-gallon plastic container and suspending it from the side of the enclosure. 
More complex nest box designs can facilitate isolation and containment of animals for hands-free cap-
ture and removal from the cage.

The marmoset cage design should emphasize vertical space instead of floor space. Since marmo-
sets spend a significant amount of time clinging to vertical surfaces, the most important dimension for 

FIGURE 29.5 Indoor baboon gang cages with working chutes.
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marmoset cages is vertical. They spend almost all their time in quadrupedal, arboreal locomotion or verti-
cal clinging, using perches, mesh cage surfaces, and a nest box or boxes as their primary perching areas. 
Mesh balconies are an additional cage design consideration. These are attached externally to cage open-
ings and provide animals with more flexibility in terms of how other animals in a room can be observed at 
different times of the day. The cage floor is not commonly used for perching or other sedentary activities.

The number of breeding pairs that can be maintained in a room is variable, and depends on room size, 
cage design, size, and arrangement within the room (Layne 2003). Cages should initially be arranged so 
breeders and their offspring have the ability to break visual contact with other family groups in the room. 
This can be accomplished with the cage itself if the design includes solid wall or partition surfaces. 
Supplemental visual barriers external to the cage, such as plastic curtains, can be strategically placed 
within the room to facilitate visual avoidance and/or hiding among room inhabitants. After initial setup 
of room cages with inhabitants, it is important to maintain consistency of neighbors. A change of loca-
tion of established family groups should only be considered if neighbor breeding females display signs 
of fascination or excessive aggression with each other that may affect breeding or infant rearing success.

Cage Sizes

All marmoset cages should contain wooden perches, as well as the nest box. The Public Health Service 
(PHS) guide recommends for Group 1 primates (up to 1.5 kg) 2.1 ft2 in floor space and 30 in. in height 
for a pair of animals—that is, 5.25 ft3 for a pair of marmosets or 2.62 ft3 per animal. The goal of this 
space requirement is to provide enough space for the maintenance of normal postures and locomotion.

Marmosets measure approximately 13 in. from head to tip of tail. Their normal sitting posture is 
approximately 11 in. from top of head to tip of tail. As defined above, the PHS-recommended cage 
dimensions provide a clearance of around 12 in. from the tip of the animal’s tail to the floor, and 6 in. 
from the top of the animal’s head to the ceiling, and adequate room for the animal to practice normal 
behaviors, including quadrupedal movement, leaping, and vertical clinging.

Table 29.2 provides marmoset cage dimensions, with cubic footage that we have used—both total and 
per animal. Our method of calculating cage size relies more on cubic footage than square footage for 
providing more vertical height.

Social Housing

Breeding Groups

Breeding groups are maintained as one breeding female, one breeding male and multiple litters of their 
offspring. Offspring may be maintained in their natal group well into adulthood and older offspring only 
removed as required by either limitations on breeding cage size or signs of unacceptable levels of ago-
nistic behavior within the groups. In an ideal situation, animals are retained in their natal groups until 
they are required for breeding or study.

Nonbreeding Pairs

Marmosets normally live in groups with only one reproductive male and female, with the remainder of 
the group composed of that pair’s offspring. Marmosets of both sexes are highly territorial and extremely 

TABLE 29.2

Marmoset Housing Recommendations

Housing Type 
(No. of Animals)

Floor Square 
Footage Height (in.) Cubic Footage

Cubic Footage 
per Animal

Breeding groups (up to 8) 7.47 46.5 28.95 3.62

Pair housing (2) 2.85–5.24 57.5 13.66–25.11 6.83–12.55

Single housing (1) 2.85–5.24 27.5–29.0 6.53–12.66 6.53–12.66
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aggressive toward unfamiliar individuals of the same sex. The only published studies purporting to suc-
cessfully pair-house unrelated marmosets of the same sex used adolescents as one member of the pair 
(Majolo et al. 2003). This strategy is less desirable, so adolescents should be maintained with their natal 
group. Therefore, when animals must be removed from their natal group and are not placed directly into 
breeding, attempt one of the two following pair-housing strategies when possible.

Same-Sex Siblings

If there are same-sexed siblings available, they can sometimes be removed from the natal group together 
and housed as a pair. These pairs must be routinely monitored for signs of extreme aggression or submis-
sion during daily husbandry activities, as their stability is highly variable.

Female: Vasectomized Male

If there are males available that are known to not be required at any point in the future for breeding or 
reproductive studies, those males may be vasectomized and housed with a female.

Single Housing

It is often not possible to enact a non-breeding-pair strategy when an animal is removed from its natal 
group. In that case, the animals are housed singly in a room with other marmosets. If marmosets are singly 
housed, they should have visual, auditory, and olfactory communication with at least two other animals in 
a room. It has been documented that the behavior and physiology of singly housed marmosets is affected 
by their singly housed neighbors in a way similar to that of group-housed animals (Tardif et al. 1994).

Feeding and Nutrition

Common marmosets are small, approximately 350–450 g as adults, with a relatively short gastrointesti-
nal tract compared with other nonhuman primate species. They consume a high-energy diet, which must 
be supplemented with vitamin D3 in captivity. All members of a family group commonly have ad libitum 
access to what is presented as a daily ration to the cage, so there usually is no difference in diet for the 
breeding pair of animals. There are commercially available canned, extruded pellet and biscuit base diets 
available for marmosets and other New World monkeys that provide complete nutritional requirements 
for the species. In addition, purified or semipurified diets are also available that facilitate consistency in 
nutritional components and presentation. Common marmosets are omnivorous and opportunistic con-
sumers, so periodic addition of a variety of environmentally enriching food supplements, for example, 
fruits, raisins, and mealworms, is a recommended feeding practice. Water is provided ad libitum in 
multiple bottles with sipper tubes attached to the cage.

Breeding Strategy

Common marmosets will breed when housed as mated pairs of sexually mature animals. Sexual matu-
rity in males occurs from 11–13 months of age. The age of onset of sexual maturity in females is similar; 
however, conception and production of live offspring by females usually starts between 2 and 2.5 years 
of age in captive colonies (Layne and Power 2003; Tardif et al. 2003). The recommended minimum age 
for pairing is 18 months old. Marmosets do not show distinct, overt clinical signs of estrus, and sexual 
behavior is not a good indicator of ovulation, as it may be observed when the female is not ovulating. 
They routinely ovulate multiple ova per cycle. The estrous cycle is 28 days. The average gestation length 
is 143–144 days. Commercially available human or Old World nonhuman primate laboratory pregnancy 
determination tests are not reliable in marmosets. Early confirmation of pregnancy is possible through 
urine testing for a sustained increase of ovarian metabolites (Heger 1983). Ultrasound is useful for the 
detection of growing fetuses between 60 and 95 days of gestation. Litter size ranges from one to four; the 
average litter size will vary for individual colonies.

Common marmosets exhibit a fertile postpartum estrus within 10–20 days of parturition. The median 
interbirth interval is reported to be 154–162 days (Layne 2003; Tardif et al. 2003). A breeding pair will 
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become a family unit or colony as offspring age and are retained with the original sire and dam. This 
housing strategy can be maintained indefinitely. Behaviorally dominant females will suppress ovulation 
of submissive cage mates or nearby females using tactile, visual, and olfactory signals. In turn, the sup-
pressed, cohoused females, as well as the related male offspring, will assist with infant care, including 
carrying the young animals and offering them solid food.

Parturition usually occurs during the dark phase of the light cycle, and new offspring are first observed 
during morning health checks and feeding. Females will lactate for 65–90 days postpartum. Milk pro-
duction will decrease significantly after day 60. Offspring will be carried by the dam or other cage 
members from birth to approximately 3 weeks old, when they start to venture off the adult animals. 
Carrying typically ceases altogether by 8 weeks of age. Offspring will start weaning onto solid food 
at approximately 4 weeks of age through active and passive acquisition (i.e., stealing and begging from 
adult cage mates).

Common marmosets produce large litters and have shorter interbirth intervals than other research-
related species of nonhuman primates, so their reproductive potential is high. However, individual breed-
ing females are reported to have the expectation of five or fewer successful litters within their life span 
(Tardif et al. 1994). This is due to a number of factors, the most common being a high rate of pregnancy 
loss and high infant mortality. The overall lifetime production of a breeding female in captivity can be 
expected to be 1.5–3.0 viable young per breeding year.

Clinical Issues

Given the appropriate housing and nutritional conditions, marmosets will provide rewarding produc-
tion in a research setting, and individual family groups can be expected to grow in number over time. 
Dystocia can occur, and caesarean section can be performed successfully with appropriate surgical tech-
niques. As mentioned previously, the two most common production issues are early pregnancy loss and 
infant deaths. The etiology of pregnancy loss is not clearly understood and likely multifactorial. Routine 
clinical health assessment of the dam will ensure that she is physically and physiologically capable of 
supporting pregnancy and postparturient care of the young. A stable physical and social environment, 
to include minimizing noise disturbance, regular timing of routine husbandry procedures, and “neigh-
borhood” consistency within a housing room, will help minimize external stressors that may affect 
pregnancy maintenance.

Once born, all infants are predisposed to mortality from a number of factors. Among primary 
considerations are poor parenting and diminished infant condition, that is, less able or unable to 
cling to or move about on the dam or transfer between the dam and other adults in the cage. The most 
important factor associated with infant mortality is increased litter size (three). Large litters, with 
more than two infants, have high neonatal mortality. Provision of supplemental care by the animal 
care staff for weak or “extra” infants is labor-intensive but can be successful. The management of 
litters larger than two is dependent on the situation at the time of the birth and is ultimately the deci-
sion of the experienced colony management staff, but the following basic steps outline a common 
decision-making scheme:

 1. Assessment of infants’ condition. Infants who are small (<24 g) or show signs of significant 
weakness (cannot cling to an adult without repeatedly falling off) are extremely unlikely to be 
successfully reared, so these infants may be removed and euthanized shortly following birth 
to minimize suffering and perhaps increase the chances of successful rearing of the remaining 
litter.

 2. Fostering. If all infants are judged to be in good condition and there is another dam in the 
colony that is nursing one infant and has given birth within 3 weeks, one of the supernumer-
ary infants may be removed and placed with the group with one infant. This process generally 
involves placing the infant in the nest box and allowing the foster dam and sire access to it. This 
process is successful in the majority of cases.
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 3. Hand rearing. Partial or full hand earing of supernumerary infants can be successful. Those 
management decisions are based on production needs balanced with the acknowledgment that 
these infants may be phenotypically different from fully marmoset-reared animals, particularly 
in terms of the impact of early life nutrition. Hand rearing takes one of two forms:

 a. Rotational rearing. In rotational rearing, one infant per day may be removed from the 
group and fed formula. In these cases, the infant is best placed in a cage or incubator imme-
diately adjacent to its home cage. The infant is returned to the group at the end of the day, 
and a different infant removed on the following day. In this way, each infant has access to 
marmoset milk for at least part of its rearing.

 b. Full nursery rearing. For full nursery rearing, an infant may be removed from the group 
and formula fed. In these cases, the infant is again best placed in a cage or incubator imme-
diately adjacent to its home cage or adjacent to the cage of the group into which it will be 
fostered upon weaning. The infant is generally returned to a social group by 3 months of 
age.

 4. Observation and euthanasia. If, for management reasons, hand rearing any of the infants is not 
chosen, then the group should be closely observed and weak infants removed and humanely 
euthanized in order to reduce suffering. If an infant is found alive, but on the floor in the cage, it 
should be immediately removed and its condition assessed. If the infant is of acceptable weight 
and strong enough to cling, it can be warmed and then placed into the nest box. The group 
can then be observed 1–2 hours later to see if the infant has been retrieved and is clinging to a 
carrier. Frequent observations of the group at shorter intervals may actually interfere with the 
parents’ response to the infant, so leave the group alone for a time sufficient to let the group 
settle and retrieve the infant. If the infant is not retrieved or if the infant is retrieved but is again 
found on the floor of the cage (likely indicating insufficient strength), then the infant should be 
immediately removed and euthanized.

The other common clinical issue that directly affects infant marmosets is “harassment” by adults in 
the cage, which is frequently associated with transfer from one adult to another. Harassment behaviors 
are considered a normal part of cooperative infant care. They can include rubbing the infant on different 
parts of the cage and/or nipping of the hands, feet, and tail during transfer. The affected animals rou-
tinely undergo this behavior with little ill effects. However, exuberant tail biting is clinically observable 
via blood-tinged fur on the tip of a tail that may be reduced to a nub at the base of the rump over time. 
Routine observation during daily health checks is warranted; however, clinical intervention is usually 
not necessary (Figure 29.6).

FIGURE 29.6 Representation of typical sitting and vertical postures in marmosets.
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Dogs

Introduction

Whether to maintain a canine breeding colony in a research setting is often dependent on the research 
needs of the investigators at the institution. There are several Class A producers of high-quality dogs for 
research use in the United States and other countries. These producers have animals that are genetically 
well defined, have detailed health monitoring and health status records, and can generally supply dogs of 
various ages and sexes as required. It is usually not feasible (due to available physical plant resources and 
overall cost) to maintain dog breeding colonies unless there is need for certain genetic lines to study sponta-
neous diseases, such as muscular dystrophy and cancer (Shelton and Engvall 2005; Shearin and Ostrander 
2010; Rowel et al. 2011; Alvarez 2014; Cekanova and Rathore 2014; McGreevy et al. 2015). The number of 
animals necessary per year to fulfill research requirements will dictate how many bitches will be necessary. 
Tracking pedigrees is obviously necessary to prevent inbreeding. Programs to determine the inbreeding 
coefficient should be used, and the purchase of new males may be necessary to increase genetic diversity.

The physiology, veterinary, and management considerations required to produce dogs in a research 
environment are very similar to those used for the production of dogs by breed fanciers, hobbyists, and 
commercial producers of Class A dogs for research. This section is necessarily brief, and an extensive 
review of canine reproduction is beyond the scope of this effort. The reader is encouraged to review 
subject-specific material for more information (Feldman and Nelson 2004; Kustritz 2010; Greer 2014).

Physiology

Canine bitches have a monoestrus reproductive cycle with an ovulatory clinical estrus cycle occurring 
twice a year. The estrus cycle is divided in four stages (Kustritz 2010): proestrus (approximately 9 days, 
follicular stage), estrus (approximately 9 days, fertile stage with ovulation), diestrus (approximately 
51 days, coincident with pregnancy and whelping if pregnant), and anestrus (approximately 4 months). 
The stage of the bitch’s reproductive cycle can readily be detected by examining cells collected during a 
vaginal smear or flush as follows.

During proestrus, as estrogen levels rise, leading to capillary breakage and leakage, the vaginal smear 
will change over 4–7 days from noncornified intermediate cells to an increasing number of anuclear (cor-
nified) squamous cells, neutrophils, and red blood cells. The bitch will attract male dogs but be unrecep-
tive. A blood-tinged vaginal discharge may be present with accompanying moderate vulvar enlargement.

During estrus, the bitch becomes receptive to the male, the vaginal discharge decreases, and the vagi-
nal smear will have nearly 100% anuclear squamous or cornified cells, superficial cells, and diminishing 
numbers of red cells. The average estrus period is 9 days (3 days to 3 weeks). During estrus, bitches 
behaviorally exhibit a “standing heat,” which coincides with their most fertile period, when the bitch 
will readily solicit and stand for mounting and intromission by the male. If natural breeding is not pos-
sible, artificial insemination can be easily accomplished in females when they are in standing heat, also 
identified by the maximum numbers of cornified cells in the vaginal smear. Dogs ovulate 5–7 days prior 
to the onset of diestrus (7–9 days post–luteinizing hormone [LH] surge). The LH surge occurs with the 
initial increase in progesterone; thus, timing of ovulation can be estimated by measuring either hormone. 
Ovulation timing should be done in conjunction with vaginal smears to determine the beginning of 
estrus (70% cornified cells), followed by progesterone tests every 48 hours to detect the rise in proges-
terone (2–3 ng/mL), which coincides with the LH surge triggering ovulation. Breeding should occur 
between 2 and 7 days of the LH surge. It takes 1–3 days for the oocytes to mature, and then their life span 
is 2–3 days; thus, the fertile period is from day 3 to day 6 or 7 post-LH surge.

During diestrus, the vaginal smear will have more than 50% intermediate cells and some cornified cells, 
but transitioning to noncornified cells with neutrophils present as diestrus progresses. During anestrus, the 
vaginal smear will have small numbers of parabasal cells and intermediate cells, with or without neutrophils. 
The diestrus–anestrus period can last from 4.5 to 10 months, with an average of about 7 months.

It is not unusual for bitches to demonstrate a false pregnancy (pseudocyesis) during the diestrus phase 
of the estrus cycle, with mammary gland development, lactation, and nest-building behavior being 
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demonstrated. This is a normal physiological event that can involve veterinary intervention to treat dis-
comfort associated with marked mammary gland enlargement.

Pregnancy can generally be detected by external abdominal palpation of the bitch about 28 days after 
breeding. The developing embryos and adjacent structures form a series of oval firm swellings in the 
early gravid uterus approximately 2 in. in length. Later in pregnancy, these structures become diffusely 
enlarged and more difficult to discern by external abdominal palpation. However, canine fetal skeletons 
become calcified by about 42 days of gestation and can be detected radiographically. Ultrasound is also 
a very practical method for pregnancy diagnosis, with detection of the embryonic vesicles by approxi-
mately gestation days 25–28 and detection of the developing fetuses throughout the pregnancy.

Relaxin tests are commercially available and detect pregnancy in the bitch by measuring levels of the 
hormone. Relaxin is produced by the developing placenta following implantation of the embryo, and can be 
detected in the blood in most bitches as early as 22–27 days postbreeding. The level of relaxin remains elevated 
throughout gestation and declines rapidly following the end of the pregnancy. Relaxin can reliably differenti-
ate between false and true pregnancies since no actual placental development occurs in pseudopregnancy.

Pregnant bitches that are nearing parturition should be housed separately from other dogs and pro-
vided nesting boxes and nesting material. Many bitches become agitated or very protective of the nest 
area if they are in visual contact with other dogs within the same kennel. Therefore, it is beneficial to 
house bitches with solid-sided kennels and without visual contact of other dogs. Impending parturition 
can be predicted by a drop in body temperature in the bitch to below 100°F before giving birth. As par-
turition approaches, bitches may be restless and nervous, engage in nesting behavior, and demonstrate 
panting, mild tachycardia, and increased respiratory rate.

The bitch is usually recumbent during actual delivery. The time interval between the delivery of each 
pup is usually less than an hour, with the bitch removing the fetal membranes and licking each pup as 
it is born. During whelping, human interaction should be minimal, to prevent maternal stress and can-
nibalism of the puppies. However, if bitches are in labor for more than 5 hours without delivering a pup 
or if there are more than 2 hours between delivery of subsequent pups, or pups are born dead, veterinary 
intervention should be considered. Oxytocin may be indicated in cases of uterine inertia (0.25–0.5 IU/kg 
intramuscularly [IM]) up to three times at 15- to 30-minute intervals. Oxytocin must only be used in 
cases of nonobstructed dystocia.

Puppies are born with eyes and ears closed and unable to micturate and defecate without stimulus 
from the mother (or artificial stimulation if puppies are being hand reared). Generally, the eyes open at 
approximately 12 days of age and ears become patent between 12 and 20 days of age. Solid food can be 
introduced at 4–6 weeks of age, and puppies can be weaned between 6 and 8 weeks of age.

Generally, bitches are most productive up to about 4–5 years of age, and after this time, the anestrus 
interval tends to increase. After about 8–9 years of age, reproductive complications increase, rendering 
older bitches less likely to contribute to colony production (Figures 29.7 through 29.10).

Breeding Colony Management

For discussion purposes, we use a colony of dogs with an inherited X-linked disorder (muscular dys-
trophy) as an example of colony management, but the principles relate to other traits as well. X-linked 
disorders lead to an increased incidence in males; therefore, to maintain the colony, affected males are 
bred to carrier females, which produce an expected ratio of 1:1 affected to nonaffected per litter (25% 
male affected, 25% female [homozygote] affected, 25% obligate female carriers, 25% normal males).

The mean litter size averages 7 pups (range 1–13), with an average of 2.5 litters per dam (range 1–7) pro-
duced over the course of a carrier’s lifetime. With this condition, an average of 2.25 affected pups per litter 
survive beyond 10 days following birth. (The mean litter size for smaller-breed dogs is expected to be approxi-
mately 57% lower than for larger breeds.) Increased inbreeding will also contribute to increased pup mortality.

Conception rates are ~85%. Relaxin (pregnancy) tests are run at 30 days following the first day of 
diestrus, and litters are typically due 57 days from the first day of diestrus (27 days from pregnancy con-
firmation). Carriers are not removed from the colony at a set age but are removed based on the regularity 
of their estrus cycle, rate of pregnancy, litter size, and pup survival. With these factors in mind, most 
carriers continue to be bred until they are 5–7 years of age.
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Inbreeding increases the morbidity of the disease during the neonatal period, leading to increased 
mortality. For this reason, the inbreeding coefficient must be monitored closely in determining sire–dam 
breeding pairs. However, inevitably, as long as the colony remains closed, there will be a long-term 
increase in inbreeding. To combat this problem, periodically (every 3–5 years) introduction of new dogs 
into the colony or outside semen collection and artificial insemination must be considered.

To calculate the size of the breeding colony needed, put the (surviving) affected pup production in a 
formula that equates to the number of carriers per year needed (based on carrier female × affected male):

2.25 = no. of surviving affected pups per litter

0.83 = average breedings/carrier/year

FIGURE 29.7 (See color insert.) Proestrus with neutrophils, red blood cells, and parabasal cells. (From R. Bowen, 
Vaginal Cytology, http://www.vivo.colostate.edu/hbooks/pathphys/reprod/vc/index.html.)

FIGURE 29.8 (See color insert.) Estrus with anucleate cornified cells. (From R. Bowen, Vaginal Cytology, http://www 
.vivo.colostate.edu/hbooks/pathphys/reprod/vc/index.html.)
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2.25 pups/litter × 0.83 breedings/year × 0.85 pregnancies (conception rate) = litters/estrous cycle = 
1.59 surviving affected pups per carrier housed annually

The ratio of affected breeding males needed to carrier females is ~1:3. Accordingly, for each 
affected individual required for a study, there is a demand on the breeding population of ~63% of 
a carrier female and 20% of an affected (stud) male. To put it another way, this means that for each 
Golden Retriever muscular dystrophy (GRMD) pup born, we have traditionally anticipated that we 
would need to budget 0.66 carrier and 0.20 breeding males. Or, based on the history of our produc-
tion, we must maintain 1.5 carriers per affected dog and 0.5 breeding males per affected dog to be 
produced.

FIGURE 29.9 (See color insert.) Diestrus with superficial and parabasal cells. (From R. Bowen, Vaginal Cytology, 
http://www.vivo.colostate.edu/hbooks/pathphys/reprod/vc/index.html.)

FIGURE 29.10 (See color insert.) Anestrus with predominantly parabasal cells and a few neutrophils. (From R. Bowen, 
Vaginal Cytology, http://www.vivo.colostate.edu/hbooks/pathphys/reprod/vc/index.html.)
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Breeding

Carrier bitches are monitored three times weekly (Monday, Wednesday, Friday) for estrus activity begin-
ning at 6 months of age. When outward signs of proestrus are noted (vulvar edema and swelling, and 
bloody discharge), daily vaginal swabs and smears are taken to confirm the stage of estrus by cytology. 
Assays of serum progesterone levels are sometimes performed on select bitches to determine the optimal 
day for breeding. Depending on the physical condition of the males, breeding can be done naturally 
or through artificial insemination. Semen quality (motility, morphology, and concentration) should be 
evaluated in advance of their breeding. Breeding should and can be performed every other day through 
the first day of diestrus for an average of five matings or inseminations per bitch in estrus.

Pregnancy Determination and Parturition

At approximately 30 days postbreeding, relaxin tests can be used to confirm pregnancy. In addition to 
serum relaxin tests, ultrasound may be done on bitches to confirm pup viability. The anticipated parturi-
tion date is calculated as day 57 postdiestrus for pregnant bitches. One week prior to the estimated due 
date, recording daily body temperature and serum progesterone levels (collected ~1–3 times prior to 
parturition) can be performed to predict imminent whelping.

Neonatal Care

Affected pups may be weak at birth and require nutritional supplementation for extended periods. 
Colostrum from other dogs may be harvested using a human breast pump and frozen so that it can be 
used as a supplement for weaker pups that are pushed aside by more vigorous littermates and/or do not 
show satisfactory weight gain. Pups should be weighed soon after birth and, on average, four times 
daily for the first 2 weeks to monitor progress. Other observations of pup development may be righting 
response, whereby a pup is placed on its back and allowed to right itself; rooting; latching onto teats; and 
suckling ability of the pup when placed near the dam. Any evidence of weakness of these responses or 
failure to thrive should be noted and intervention planned. In addition to the aforementioned physical 
responses, any evidence of respiratory distress, abdominal distension, and/or significant weight loss (i.e., 
sustained lack of weight gain or loss of 20 g over a 24-hour period) should be annotated.

Those puppies perceived not to be gaining adequate weight should be supplemented by hand feeding 
4–6 mL/100 g body weight of the bitch’s milk or a commercially available milk replacement (Nurturall-C 
and/or Esbilac) at 4-hour intervals.

Puppies are allowed to nurse naturally until weaned at 6 weeks of age. They can be introduced to 
a gruel mixture of milled puppy kibble, 2nd Step (Esbilac) milk powder, and water at approximately 
3 weeks of age and gradually weaned.
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Introduction

Performing husbandry for animals exposed to potential hazards presents many unique challenges to cre-
ating and maintaining a safe work environment. While this chapter focuses largely on hazards of biologi-
cal origin, it also discusses hazards of a nonbiological origin that can be common in an animal research 
environment, or may be of new or recent interest. For the purpose of consistency, the terms biosafety 
and containment may be used when discussing these nonbiological hazards, with the understanding that 
they are referring to the provision of safe practices and the containment of hazards to prevent inadvertent 
exposure to people or the environment.

The first step in ensuring a safe work environment is developing a thorough understanding of the 
concepts of biosafety and containment within all levels of an organization, including the animal facility 
manager, husbandry staff, veterinary staff, facility maintenance, investigative staff, and senior levels of 
management (e.g., laboratory director, chief executive officer, and institutional official [IO]). Knowledge 
of these concepts by all these key positions is critical to help ensure that everyone understands the need 
for adequate resourcing, both human and fiscal, in order to work safely with the hazards present. While 
ultimately every person is responsible for their own safety, they must be provided the knowledge and 
tools in order to work safely and responsibly.

Managing an animal facility, and the husbandry staff therein, when hazards are present requires an 
in-depth knowledge of the principles of biosafety and how they are applied to the provision of husbandry 
that also results in the highest level of welfare attainable for each species for which care is provided. The 
wide array of hazards that may be used in animal research and all the available mitigations for them 
cannot be completely covered in this chapter, but the authors’ intent is to provide a basic understanding 
of the concerns and approaches of working with hazardous materials in animals, and to provide useful 
references that can bring additional and more detailed insights should the need arise. While focusing on 
animal husbandry programs, this chapter provides an overview of some fundamental areas, including 
the principles of biosafety, the key aspects of several hazards, and a variety of applicable administrative 
controls, after which the authors share some lessons learned in the management of husbandry programs 
involving various scenarios based on their experience in these areas.

Basic Principles of Biosafety

Overview of Regulations and Guidelines

The primary guidance on the safe handling and containment of biological hazards in the United States 
is jointly published by the Centers for Disease Control and Prevention (CDC) and the National Institutes 
of Health (NIH) (CDC-NIH 2009). This publication, Biosafety in Microbiological and Biomedical 
Laboratories (BMBL), is generally considered an advisory document, but in certain circumstances in 
the United States, these guidelines are referenced in federal law. The BMBL was first referenced in the 
1997 enactment of the Laboratory Registration Select Agent Transfer Program regulation (CFR 1996), 
which required all facilities shipping or receiving biological select agents and toxins (BSAT) to register 
with the CDC and comply with the BMBL (Richmond et al. 2003). Subsequent legislation applying to 
the use of BSAT has been passed in response to growing concerns about its use for nefarious purposes 
and now applies to all aspects of BSAT possession and use in the United States. The CDC and the 
U.S. Department of Agriculture (USDA) Animal and Plant Health Inspection Service (APHIS) review 
biological infectious agents and toxins to determine their effects if misused, and then classify them as 
BSAT if they have the potential to pose a severe threat to human, animal, or plant health, or to animal 
and plant products. Once an infectious organism or toxin is designated by the CDC or APHIS as a BSAT, 
it then becomes subject to all the applicable federal regulations (APHIS-CDC 2015). The BMBL is also 
considered a reference resource by AAALAC International. The designation of the BMBL as a refer-
ence resource by AAALAC International results in its use as a standard by which animal care and use 
programs utilizing infectious microorganisms and hazardous biological materials are evaluated during 
accreditation site visits, regardless of their status as a BSAT.
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There are excellent international guidelines that provide additional insights to biosafety in animal 
facilities and are very useful resources. The Canadian Biosafety Standards and Guidelines (CBSG) 
are published by the Public Health Agency of Canada and the Canadian Food Inspection Agency and 
provide excellent recommendations on handling and housing animals exposed to human and animal 
pathogens and toxins (PHAC 2013). An updated version of the CBSG, entitled the Canadian Biosafety 
Standard (CBS), came into force on December 1, 2015, and replaced the CBSG for regulatory purposes 
in Canada (PHAC 2015). The Belgium Scientific Institute of Public Health has published guidance on 
biosafety in animal facilities that covers many practical areas of concern for facility managers, such 
as facility design and construction, animal housing, traffic patterns, transport of animals exposed to 
infectious agents, personal protection, training and education, and emergency plans (Van Vaerenbergh 
et al. 2011). In addition to a few other country-level biosafety guidelines that are available through the 
International Federation of Biosafety Association’s website, a globally developed biosafety guideline 
has been published by the World Health Organization (WHO 2004). Information regarding regulations 
and guidelines pertaining to nonbiological hazards are provided later in the chapter under the specific 
hazard sections.

Biosafety Levels

Four biosafety levels have been adopted essentially worldwide, and while some minor differences may 
be found geographically, the basic tenets are the same. Starting at the lowest biosafety level, each sub-
sequent level builds on the standards described for the previous levels. This approach to describing 
increased levels of protection to personnel and the environment as the biosafety level increases requires 
the reader to have a solid understanding of not only the level of interest, but also all the preceding levels.

The BMBL addresses a combination of laboratory practices and techniques, safety equipment, and 
laboratory facilities for each of the four biosafety levels. The BMBL clearly delineates between in vitro 
and in vivo work involving infectious organisms and biological toxins, as evidenced by its separate 
sections for each. One section describes biosafety level criteria for laboratories, and the other section 
describes vertebrate animal biosafety level (ABSL) criteria for vivarium research facilities. The bio-
safety levels for activities involving infectious disease work with vertebrate animals are designated as 
ABSLs 1–4 (CDC-NIH 2009). A summary of the general criteria for assigning a particular infectious 
microorganism or toxin to a particular biosafety level and the associated practices, safety equipment, and 
facility guidelines for each ABSL is provided in Table 30.1.

The BMBL does describe additional biosafety levels that specifically address activities using high-
consequence agricultural pathogens. High-consequence agricultural pathogens are infectious organisms 
that, if introduced into the United States, would have serious economic impact due to effects on both 
agricultural production and international trade of agricultural products. Due to this concern, the stan-
dards focus primarily on reducing the risk of the agent escaping outside the containment envelope, where 
it could impact animal or plant health. When using high-consequence agricultural pathogens in large or 
loose-housed animals, in which the room serves as the means of primary containment, there is an addi-
tional biosafety level designated as BSL-3-Agriculture (BSL-3-Ag). ABSL-3Ag requires very special 
facility construction standards that design the laboratory or animal room itself to serve as the primary 
barrier to prevent release of infectious agents into the environment. Also, there may be situations where 
work with some high-consequence agricultural pathogens can be conducted in small animals that can be 
maintained in primary containment devices within the animal room, and the room no longer serves as 
the primary barrier. In this situation, the work may qualify to be performed at ABSL-3 with additional 
enhancement unique to agriculture (ABSL-3 Enhanced) (CDC-NIH 2009).

Facility Design and Construction

There are two primary concerns when considering the design and construction of an animal facility 
being built with the intended purpose of working with any experimental hazard. The first is the safety 
of the people, and the second is the protection of the surrounding environment. While these concepts 
may sound relatively simple, the construction of these specialized types of facilities has grown to be 
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a very complicated process that must involve experienced people from multiple professions; some of 
these include architects, engineers, contractors, health and safety professionals, facility managers, and 
veterinarians.

There are several key design and construction points to consider from the facility management and 
animal husbandry perspectives. The most common deficiency seen by one of the authors is the lack of 
adequate sealing of animal rooms. Inherent to their design, animal rooms have many penetrations in 
order to supply the necessary utilities (e.g., water, power, and sewer), and advances in biotelemetry have 
increased the number of potential penetrations into the animal room envelope in order to provide the 
necessary wiring for transmitting information being collected from the research subjects. Careful atten-
tion to detail must be given to ensure that penetrations are appropriately sealed in order to prevent escape 
of hazards, as well as prevent entry of pests.

Another relatively common concern seen with animal facilities using hazardous materials is maintain-
ing interior surfaces in a manner that allows effective sanitation. Building materials and surfaces should 
be highly durable due to the significant loads placed on floors and frequent damage to walls and door 
frames from frequent moving of heavy caging systems and other equipment. While this type of concern 
may also be associated with conventional animal facilities, the ability to maintain floors and walls in 
a hazardous environment becomes much more complicated and the consequences of a construction- or 
maintenance-related failure much greater. The more complicated logistics of performing maintenance 
in hazardous areas should be taken into consideration when evaluating the personnel resources required 
for maintaining these facilities, and a cooperative relationship between animal facility managers and 
facility maintenance staff is essential. Educating facility maintenance staff of the importance of timely 
responses and the serious consequences that can occur due to lapses in maintenance may be necessary, 
especially when facilities that will be utilizing new hazards are being planned and constructed.

While it may not be possible to anticipate every species that will be used when designing an ani-
mal facility, planning for flexibility in the animal room design is most desirable, particularly if future 
research needs could change. Also, the heating, ventilation, and air-conditioning (HVAC) systems should 
be flexible enough to provide the appropriate environment for a variety of species. As an animal facility 
manager, it should be understood that even the best planning may not accommodate utilization of every 
species. Even the best HVAC system can struggle with adjusting for every animal species. For example, 
feathers and fluff from poultry with a low stocking density resulted in clogged rough filters and prefil-
ters within 18–24 hours in a containment facility (Copps 2005). There are several excellent references 
that provide detailed information on many aspects of planning, constructing, operating, and managing 
animal facilities in which hazards are used (Frasier and Talka 2005; NIH 2008; Hessler and Britz 2009; 
USDA 2012).

Physical Security

With an increasingly aggressive and destructive animal rights movement, physical security has become a 
paramount issue in nearly all facilities performing animal research, whether or not experimental hazards 
are present. More sophisticated entry control procedures, such as electronic card readers, have become 
commonplace for most vivaria. The growing concern of the use of hazardous materials for nefarious pur-
poses by rogue individuals or groups has led to significantly increased physical security requirements, 
especially where highly hazardous materials (e.g., BSAT, radioactive, and chemical) are used or main-
tained. The use of hazardous materials should be carefully assessed from a security perspective through 
the utilization of a site-specific threat risk assessment performed by qualified security professionals and 
hazard-specific experts.

Examples of both exterior and interior security measures for a facility housing BSAT may include 
vehicular and pedestrian guard stations, vehicle access barriers, security fencing, exterior remote video 
monitoring, a 24-hour staffed security station for building or area entry, closed-circuit video monitoring, 
motion detectors, emergency alarms, and biometric access controls (Jaax 2005). A close relationship 
with local law enforcement agencies that involves the conduct of joint response drills is necessary to 
ensure careful coordination and the safety of all personnel involved should a security event occur that 
requires entry into the animal facility. Education of internal and external security or law enforcement 
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personnel about the risks and required risk mitigation strategies will go a long way in developing the 
trust and confidence necessary to mount a timely and effective response.

In addition to the heightened physical security requirements resulting from the BSAT regulations and 
federal oversight, the use of BSAT in animal research brings with it new responsibilities for husbandry 
staff. Both the USDA and the CDC expect animals exposed to infectious select agents to be accounted 
for with the same rigor as the agent itself, and to be included as part of the select agent inventory. This 
means that after any animal is exposed to an infectious select agent, it must be tracked in an inven-
tory system that accounts for each animal from exposure until it can be verified that the agent is no 
longer present. Consequently, animals must be tracked all the way through euthanasia and ultimately 
carcass decontamination and disposal. Similarly, tissues obtained from animals exposed to infectious 
select agents must be tracked as well. Husbandry staff must pay extra attention to animal census, move-
ment within the facility, and final disposition of these animals (and their tissues) exposed to infectious 
select agents, as the consequences of losing track of a single animal or tissue sample can be significant. 
Animals exposed to infectious select agents (and their tissues) whose location and/or disposition for 
which cannot be accounted must be reported to the appropriate Federal Select Agent Program authority 
(i.e., CDC or USDA) as a loss or theft of a BSAT. This brings significant repercussions involving report-
ing, investigations, and potential personnel actions. The CDC cites one exception to this requirement, 
in which animals exposed to select toxins need not be tracked in this manner since toxins bind almost 
immediately to tissue and are not available for anyone to readily obtain from the animal and utilize them 
for nefarious purposes.

Due to the increased emphasis on physical security, from both regulatory and animal rights extremism 
perspectives, a comprehensive approach for controlling access should be implemented. In addition to 
staff who access the facility on a regular basis, strong access controls should also be in place for visitors 
and other nonstaff personnel, some of whom may only have occasional or one-time access. This could 
include visiting scientists, student workers, representatives or repairmen from equipment manufacturers, 
external tradespersons performing facility repairs or renovations, and vendors. Having a single point of 
contact that is responsible for granting access to animal housing areas is an effective method for ensur-
ing consistency in how established security procedures and criteria are applied. See Chapter 19 in this 
textbook for additional information on providing security and protecting research programs.

Practices and Techniques

Planning and Preexecution Activities

Good planning and preparation are key elements in managing husbandry activities for a project using 
experimental hazards. While many of the planning and preexecution activities are identical for research 
conducted in noncontainment and containment facilities, the result of a delay in research can have a 
much bigger impact in containment facilities due to the much higher cost to maintain and operate them. 
To avoid unnecessary project delays and make certain all required resources and processes are in place 
prior to the project initiation, animal care and veterinary staff personnel should be involved in the initial 
stages and throughout the project’s protocol planning and risk assessment development processes. In this 
way, early consideration can be given to such things as the specific animal sources, caging, equipment, 
supplies, and procedures that may be required. For example, the major laboratory animal suppliers will 
usually have the most commonly used animal model species and strains available in small to moderate 
quantities; however, if larger quantities are required, they may need to take significant time to adjust 
breeding capacities to accommodate. If the project requires the use of nonhuman primates, considerable 
time may be necessary to make arrangements for a high-quality source of animals that have received 
appropriate testing to ensure that they meet acceptable health standards and are free of diseases that 
could negatively impact the research.

Equipment such as specialized caging systems designed for working with hazardous materials can 
have very long lead times for acquisition, with manufacturers often requiring 3–6 months for turn-
around, depending on the quantities needed. Modifications to the manufacturer’s standard caging prod-
uct may be required to accommodate facility specifications, such as door openings or autoclave size 
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clearances. Specialized accessory components may need to be designed and fabricated (e.g., mounting 
brackets for telemetry monitoring equipment). It is important that the design of this caging, including any 
modifications or newly fabricated components, is critically reviewed to ensure it is made of durable mate-
rials that can be easily sanitized and are free of sharp edges and/or pinch points that could compromise 
animal welfare or personal protective equipment (PPE), potentially posing exposure risks for workers to 
the experimental hazardous agents in use. Supplies such as the animal bedding materials may need to be 
investigated and evaluated ahead of time to ensure that they are appropriate for the type of caging used, 
can be safely changed in a containment environment, and minimize the potential for worker exposure 
through aerosolization of chemical or biological experimental hazards.

An ongoing and routine facility and equipment maintenance and repair program should be in place. 
Animal holding rooms, caging, and equipment, especially in containment facilities, are routinely 
exposed to harsh chemicals (e.g., bleach, quaternary ammonia compounds, vaporized hydrogen perox-
ide, formaldehyde-based compounds, corrosive alkaline, and acidic cage wash cleaners) and extreme 
temperatures and pressures (e.g., autoclaving and cage wash cycles) to ensure appropriate sanitation 
and decontamination. Over time, these conditions and processes can take their toll. Animal room walls, 
ceilings, floors, and fixtures (e.g., doors, sinks, and wall guards) should be routinely inspected for dam-
age, peeling paint, and so forth. All wall and ceiling penetrations for such things as electric receptacles, 
data lines, light fixtures, telemetry wiring, and supply and exhaust air ducts should also be inspected 
routinely, ensuring that they are and remain properly sealed so that the secondary barrier envelope is 
maintained. It is often very difficult to make these types of repairs while the project is ongoing, so it is 
important to plan, schedule, and execute these activities prior to study initiation when possible. Many 
organizations have adopted the practice of annual shutdowns for all or parts of their animal facilities, to 
facilitate the performance of routine maintenance procedures.

Animal caging and equipment need to be inspected to ensure ongoing operational integrity prior to 
being put into use. This includes such things as inspecting and replacing cage-top filter material, making 
certain the seals and gaskets on containment caging are in good repair and seat properly and ensuring 
that equipment casters, door closures, cage docking, and locking mechanisms function smoothly. For 
equipment like biological safety cabinets (BSCs) and containment caging blower units that need to be 
serviced and certified within set time frames (CDC-NIH 2009), it may be advisable to plan for these 
procedures around study timelines when possible, even if this means they are accomplished earlier than 
required to avoid having them performed while the study is ongoing.

Each individual involved in the conduct of the project should have his or her specific occupational 
health and safety plan reviewed, updated, and adjusted if necessary, according to the potential exposure 
hazards of the project. If the project involves the use of biohazards for which vaccines are offered, it is 
prudent to perform this review early in the project planning process since some vaccines may require 
multiple administrations over time before they are considered to be protective. Applicable standard oper-
ating procedures (SOPs) should be reviewed and, if necessary, developed or modified, to ensure that they 
address project-required husbandry procedures.

Personnel training competencies need to be reviewed with respect to specific project-required proce-
dures. If necessary, training animals should be procured for new or refresher training.

Finally, mock runs of specific procedures or groups of procedures that are dependent on each other 
should be considered and conducted in noncontainment settings. Regardless of how much time has been 
taken to consider and envision how project procedures will be accomplished, nothing can take the place 
of a mock run to help point out process deficiencies. These simulations should mimic actual project 
procedures as closely as possible and can be very valuable in fleshing out timing, logistical, and resource 
considerations.

Animal Housing and Husbandry

Appropriate laboratory animal caging is designed to provide a suitable microenvironment for the species 
being housed, allowing for appropriate temperature, humidity, ventilation, noise and vibration levels, and 
space (NRC 2011). Several vendors manufacture specialized caging systems that provide an additional 
layer of protection from hazards and which are often referred to as primary containment caging. Multiple 
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types and levels of primary containment caging systems are available that serve as a barrier between the 
internal and external cage environments, preventing hazardous agents to which the animals have been 
exposed from escaping the cage and providing protection for the worker and other animals. A risk assess-
ment can be conducted to determine the most appropriate type of primary containment caging for the 
project procedures and the experimental hazards being used. Many of the different types of primary con-
tainment caging described below are complicated pieces of equipment with multiple component parts. 
Husbandry personnel need to be thoroughly familiar with their specific caging systems. SOPs should 
be adopted to ensure there is a complete inspection performed on all components of the units prior to 
putting them into use to make certain they are in good repair and able to maintain operational integrity. 
Husbandry procedures in a containment setting and using primary containment caging are much more 
labor-intensive than conventional husbandry procedures, and this should be taken into account when 
planning and scheduling husbandry activities. Below are brief descriptions of the more common types 
of primary containment caging.

 1. Static filter-top cages: Primarily used for smaller animals, static filter-top cages are shoe box 
caging with a filter integrated into the cage top. Air passively diffuses through the filter, and 
around the edges of the cage top in unsealed types of cage systems, between the inside and 
outside of the cage. The diffusion of air around the edges of the cage top still maintain con-
tainment, similarly to how a petri dish contains bacteria or viruses when being cultured. It is 
important to note that because of the limited airflow in this type of caging, humidity, CO2, and 
ammonia levels increase much quicker than in open-top caging or the other types of contain-
ment caging described below (Lipman 1999).

 2. Rodent individually ventilated caging (IVC): Providing more effective containment than the 
static filter-top system, IVC systems are produced by multiple caging manufacturers in several 
configurations (Maher and Young 2007). Although there are some differences in ventilation 
methods between different manufacturers of rodent IVC racks, in general, motorized fan units 
attached to the IVC rack provide air through supply plenums to each individual cage and pull 
air through ports that are sealed to the cage when it is appropriately docked to the rack and 
into an exhaust plenum. Exhaust air is high-efficiency particulate air (HEPA) filtered before 
reentering the animal holding room or can be directly tied into the containment area’s building 
exhaust. When in containment mode, the air exhaust levels exceed the supply levels, provid-
ing a negative differential air pressure in the cage. This configuration ventilates and isolates 
each individual cage from every other cage. The HEPA filters remove 99.97% of particulate 
matter greater than 0.3 microns in size, effectively providing containment of animal allergens, 
fungi, bacteria, and viruses from animal workers and animals in other cages. The supply and 
exhaust fan motors of these units should be interlocked so that if one motor fails, the other 
automatically shuts down, placing the cages in a static isolator mode and avoiding a reversal 
of the desired cage differential air pressure. There have been multiple studies demonstrating 
the airflow effectiveness of IVC units at maintaining dry cages and minimizing ammonia and 
CO2 levels (Hasenau et al. 1993; Reeb-Whitaker et al. 2001; Baumans et al. 2002), potentially 
allowing for increased time between cage changes, if an Institutional Animal Care and Use 
Committee (IACUC)–approved exception is granted. With most IVC, the cage lids remain 
attached after removal from the rack (Maher and Young 2007), and so serve as microisolator 
units. This allows the cages to be taken from the rack and transferred directly to appropriate 
primary barrier equipment for cage changing, without fear of breaking containment during 
transport. The use of IVC has become common in ABSL-2 through ABSL-4 containment 
facilities.

 3. Large animal primary containment caging: Generally used for larger laboratory animal spe-
cies, such as rabbits, ferrets, and nonhuman primates, this primary containment caging usually 
consists of stainless steel frames with glass or clear plastic windows that accept removable 
stainless steel cages. Once the cages are in place, the individual compartments can be closed 
and sealed. As the name suggests, primary containment is provided by maintaining a negative 

www.ebook3000.com

http://www.ebook3000.org


713Managing Husbandry Programs Involving Experimental Hazards

relative air pressure inside the individual compartments. This is accomplished by an exhaust 
blower unit connected on the outside of the rack. Air is pulled from the room, through filtered 
ports on each of the cage compartments, through the individual cages, out a centralized exhaust 
plenum, and through a HEPA filter housed in the blower unit, prior to being expelled back into 
the room or directly into the building exhaust system.

 4. Isolators: Available in solid-walled or flexible-walled versions, isolators can serve as an effec-
tive containment barrier for housing animal caging. Air supply to and from the isolator is 
HEPA filtered. Personnel access the caging through portholes fitted with sleeves and gloves. 
Any materials exiting the isolator enclosure must be sealed and passed through a chemical 
dunk tank system or an air lock chamber that can be decontaminated between studies.

 5. Negative-pressure, flexible-walled, free-standing containment enclosures: These mass air 
displacement systems are composed of a solid skeletal structure with flexible plastic walls. 
Similar to the negative-air-pressure primary containment caging noted above, exhaust blowers 
mounted on or adjacent to the enclosure pull air out of the unit and through HEPA filtration, 
prior to being exhausted back into the room. This provides a negative-air-pressure environment 
within the enclosure. A significant advantage of these systems is that they can be designed in 
an infinite variety of sizes and configurations. Multiple types of caging can be housed within 
these enclosures. When working with large animal species such as sheep, goats, and swine, for 
which standard biocontainment caging is not routinely available, these enclosures can be used 
to surround conventional caging and pens, providing an additional level of containment.

 6. Isolation cubicles: Animal isolation cubicles are oftentimes referred to as “Illinois cubicles” 
in reference to their original description at the University of Illinois at Chicago. These types 
of units are typically of solid structure, either built in to the facility or added as free-standing 
units postconstruction. They are solid structures that are located inside a secondary room. 
They are usually only large enough to hold one rack of animals and have either hinged doors 
or vertical sliding doors with clear polycarbonate or safety glass panels that allow full viewing 
of the cubicle and its contents. An excellent review of isolation cubicles and the advantages and 
disadvantages of these types of units is available (Hessler and Britz 2009).

Sanitation procedures represent a significant portion of animal husbandry activities. To better under-
stand animal husbandry sanitation requirements in a containment setting, the distinction between clean-
ing, disinfection, decontamination, and sterilization should be understood.

• Cleaning is considered the removal of gross contamination (e.g., animal waste and debris).

• Disinfection is the reduction or elimination of unacceptable concentrations of microorganisms 
(NRC 2011).

• Decontamination is the reduction of microbial contamination so that disease transmission is 
eliminated (safe to handle).

• Sterilization is rendering an item free of all living microorganisms or viruses (BMBL, 
Appendix B, CDC-NIH 2009).

Performing sanitation procedures within a containment facility adds a significant level of complexity 
compared with similar procedures in a conventional setting. Since cage or rack washer facilities are usu-
ally located outside of the containment envelope, accommodations need to be made to decontaminate 
cages, animal waste, and so forth, before leaving containment. Cage and bedding changing procedures 
for rodents are usually performed within a BSC or other appropriate primary containment device. Soiled 
bedding is preferably left in the cage to reduce the risk of aerosolizing the hazardous experimental agent. 
Dirty caging and bedding is decontaminated (e.g., autoclaved) prior to being transported to the cage 
washing facilities, where the bedding can be dumped and caging sanitized using conventional means. 
When using larger primary containment caging for rabbits, ferrets, nonhuman primates, and so forth, 
additional steps are required. Hand cleaning is normally required to remove organic and inorganic debris 
prior to autoclaving or performing gaseous decontamination.
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During the conduct of the study, secondary enclosure spaces (e.g., animal holding rooms, ante-
rooms, and corridors) are usually sanitized with chemical disinfectant solutions (e.g., quaternary 
ammonia, bleach, and chlorine dioxide). Between studies, these areas are often decontaminated with 
gaseous or vapor disinfectants, such as formaldehyde-paraformaldehyde gas, chlorine dioxide gas, 
or vaporized hydrogen peroxide. The most appropriate disinfectants should be determined based on 
a risk assessment. Information on the different classes of disinfectants and selection criteria for use 
are presented in Appendix B of the BMBL (CDC-NIH 2009). Before a sanitization plan is finalized, 
validation studies should be performed to ensure their effectiveness for the equipment and facility-
specific environment.

Animal Handling

Handling animals that have been exposed to experimental hazards may pose significant risks, due to the 
potential for the transmission of the hazard to the animal handler through various routes, such as bites, 
scratches, aerosol transmissions, or mucous membrane exposures. All procedures involving the manipu-
lation of either infectious agents or tissues from infected animals or the generation of aerosols should 
be conducted within biosafety cabinets (BSCs) or other physical containment devices when practical 
(CDC-NIH 2009). PPE, which should be used in combination with these containment devices, is defined 
by risk assessment of the required activities being performed. Procedures on smaller animals, such as 
rodents, can usually be performed in a BSC; however, due to space limitations, working with larger ani-
mals in a BSC can be impractical. In these cases, a combination of alternate containment devices and/or 
appropriate PPE should be employed. Procedures and equipment that minimize the potential for expo-
sure, such as the use of forceps and/or bite- and puncture-resistant gloves for transferring rodents during 
cage changing activities, should be employed. When working with larger animals that pose a greater risk 
from bites or scratches, such as rabbits and nonhuman primates, chemical restraint (anesthesia) should be 
used whenever possible. Physical restraint devices, such as squeeze cage mechanisms or species-specific 
restrainers, must be considered.

Waste Disposal

Procedures must be in place to handle the accumulating hazardous waste generated from contaminated 
PPE, animal carcasses, soiled animal bedding, and procedural materials, such as sharps, absorbent tow-
els, and other products. The regulations governing the disposal of hazardous wastes are complicated and 
involve multiple levels of federal, state, and local requirements. The primary federal agencies that govern 
hazardous waste disposal include (1) the Environmental Protection Agency (EPA) through the Resource 
Conservation and Recovery Act (RCRA) (this act gives the EPA authority to govern hazardous waste 
identification, classification, generation, management, and disposal) (CFR 2015a), (2) the Occupational 
Safety and Health Administration (OSHA) (CFR 2012a), and (3) the Department of Transportation 
(DOT) through the Hazardous Materials Regulations that govern the transportation of hazardous mate-
rials in all modes of transportation (CFR 2015b).

The types of wastes generated from different institutions vary, depending on the experimental pro-
grams conducted and the specific activities performed. It is important to clearly identify your opera-
tion’s specific waste streams to determine the proper decontamination and disposal methodologies. An 
individual familiar with the institution’s waste streams, and well versed in all the federal, state, and 
local regulations applicable to those waste streams, is required. Many institutions make use of commer-
cial hazardous waste disposal companies. These companies are familiar with the applicable regulatory 
requirements and can serve as an excellent training resource for helping to prepare the institution’s poli-
cies for internal hazardous waste handling and clearly defining waste streams.

Safety Equipment

The BMBL defines safety equipment as BSCs, enclosed containers, and other engineering controls 
designed to remove or minimize exposures to hazardous biological materials. These are considered 
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primary barriers. Additional safety equipment can include PPE, such as gloves, coats, gowns, shoe cov-
ers, boots, respirators, face shields, safety glasses, or goggles. This PPE is commonly used in combina-
tion with BSCs and other primary containment devices.

Primary Barriers

 1. Biological safety cabinets: BSCs are one of the principal devices used to contain biohazards 
and are considered to be a primary barrier. Some types of BSCs are appropriate for use with 
small amounts of volatile toxic chemicals and radionucleotides; however, the use of a chemical 
fume hood may be more appropriate when greater than small amounts of toxic chemicals or 
radionucleotides are in use. The operational integrity of a BSC must be validated before it is 
placed in service and after it has been repaired or relocated. Relocation may break the HEPA 
filter seals or otherwise damage the filters or the cabinet. Each BSC should be tested and cer-
tified at least annually to ensure continued, proper operation (BMBL, Appendix A, Section 
VII, CDC-NIH 2009). On-site field testing of each BSC must be performed by experienced, 
qualified personnel. This testing must meet the appropriate National Sanitation Foundation/
American National Standards Institute (NSF/ANSI) Standard 49-2014 for field certification. 
Personnel should be trained in the proper operation and appropriate techniques to be used 
before performing procedures in a BSC. For example, the effectiveness of a BSC’s containment 
air curtain can be dramatically disrupted by rapid or sweeping arm movements, so a slow and 
deliberate technique is important. Walking or working behind a person using a BSC should be 
avoided because the resulting air movement can interfere with the inward protective curtain of 
air at the BSC opening (Fontes 2008). There are three classes of BSCs (I, II, and III) and mul-
tiple types within Classes I and II. The BMBL provides detailed descriptions of each, including 
tables indicating the protection provided by each BSC class and comparisons of the different 
classes for face velocity, airflow patterns, and applications (BMBL, Appendix A, CDC-NIH 
2009). The most appropriate BSC for a particular task is determined by the project or activity 
risk assessment.

 2. Transfer containers and carts: Frequently during the conduct of a study, animals may need to 
be transferred from one location to another. If the animals have been exposed to a hazardous 
agent, they will likely require containment during the transfer process. As previously men-
tioned, filtered containers like filter-top cages can be used for this purpose. In addition, transfer 
carts, specific for this purpose, are available. Some of these transfer carts have battery-powered 
ventilation systems and HEPA-filtered exhaust air, so that cages housed on the cart shelves are 
maintained in negative-air-pressure containment. Other transfer carts are mobile glove box 
isolators. These carts also have battery-powered ventilation systems with HEPA-filtered supply 
and exhaust air and require that animal rooms, procedure rooms, or other isolators have match-
ing transfer ports with which the cart can dock.

 3. Downdraft tables: Animal manipulations, such as dosing, bleeding, cage changing, and nec-
ropsy or tissue collection procedures, can usually be performed in a BSC for small animals; 
however, performing these procedures on larger animals, such as nonhuman primates, may not 
be practical due to space limitations. For these purposes, an alternate piece of primary contain-
ment equipment, the downdraft table, is frequently used. As the name implies, downdraft tables 
draw room air down into the work surface and away from the worker to help minimize aerosol 
exposures. Exhaust air is HEPA filtered and returned to the room or directly into the building 
exhaust system. Appropriate PPE to be worn in combination with the use of a downdraft table 
is determined through risk assessment. Downdraft tables used for necropsy procedures are 
usually fixed tables with a water supply and drainage, located in a room dedicated to necropsy 
procedures. Portable downdraft tables are also available for other types of large animal proce-
dures that cannot practically be performed in a BSC. These portable tables function similarly 
to the fixed downdraft tables but without a water supply and with the HEPA-filtered exhaust air 
returned to the room.
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Personal Protective Equipment

Based on the agent, selection of the proper PPE should be determined by conducting a thorough risk 
assessment. Personnel must also have time to learn how to wear and maintain specific PPE properly, 
including proper donning procedures, and safe doffing procedures for contaminated PPE. OSHA requires 
employers to provide PPE, such as gloves, gowns, eyewear, and masks or respirators, to create barriers 
that protect skin, clothing, mucous membranes, and the respiratory tract from hazardous agents. PPE is 
the last level of protection to prevent worker exposures to hazardous materials. PPE should not be used 
in place of primary barrier safety equipment, such as containment caging or a BSC, but as an adjunct to 
these safety engineering controls whenever possible. The most appropriate PPE should be determined by 
risk assessment, considering the hazards being used, the activities being performed, and the engineer-
ing controls in place. The PPE requirements for a particular area or activity should never be written in 
a general way, such as “Wear appropriate PPE,” but should be specified and must be consistent with the 
hazard and required levels of containment (Fontes 2008).

 1. Outer garments: Lab coats, coveralls, hair and head coverings, and shoe coverings come in a 
wide variety of styles and materials providing different levels of protection from different types 
of hazardous materials. The most appropriate style and material should be chosen according to 
the potential exposure risks.

 2. Hand protection: Protective gloves are routinely worn to minimize skin contact with hazard-
ous materials. Bite- and puncture-resistant gloves, gauntlets, and sleeve coverings can also be 
worn to reduce the risk of animal bites and scratches. Disposable gloves are available in vari-
ous materials (e.g., latex, nitrile, and vinyl). The appropriate type of disposable glove material 
is determined by risk assessment, considering the materials with which the glove will come in 
contact. For example, latex gloves provide a poor barrier to petroleum-based chemicals and 
solvents; nitrile gloves provide a better barrier for these materials. Nondisposable gloves are 
also available to protect against such things as chemicals and harmful temperatures.

 3. Respiratory protection: The federal agency responsible for approving and certifying respirators 
for use is the National Institute for Occupational Safety and Health (NIOSH). NIOSH defines 
a respirator as “a personal equipment device that is worn on the face, covers at least the nose 
and mouth, and is used to reduce the wearer’s risk of inhaling hazardous airborne particles 
(including dust particles and infectious agents), gases or vapors.” It is important to note that 
surgical face masks are not considered respirators. Face masks can be useful in preventing 
large solid or liquid hazards from entering the nose or mouth and can prevent the user from 
touching his or her nose or mouth, but they do not provide adequate protection from aerosolized 
hazards. The need for and the type of respiratory protection required is another important part 
of the risk assessment analysis. If respirator use is required, the institution must have a respira-
tory protection program with a dedicated program administrator (CFR 2007). The program 
includes the requirement for periodic respiratory protection training and medical clearance for 
wearing a respirator. In addition, fit testing is required for respirators that require a tight seal to 
be effective. It is important to note that facial hair can compromise a tight seal, in which case 
an alternate type of respirator is required. The respiratory protection most commonly used in 
biocontainment environments is described below:

 a. Disposable air-purifying respirators (e.g., N95, N99, and N100): These are particulate- 
filtering face piece respirators. When the respirator is properly fitted, the user inhales and 
air is drawn through the respirator filter material. These respirators are available in mul-
tiple types: N (not resistant to oil), R (somewhat resistant to oil), and P (strongly resistant 
to oil). N95, N99, and N100 respirators, as well as their R and P equivalents, have air-
purifying efficiencies for solid and liquid particles of 95%, 99%, and 99.97%, respectively. 
All these respirators need a tight seal to be effective, and so fit testing is required.

 b. Reusable air-purifying respirators: These are half-face and full-face elastomeric respirators 
that have attached replaceable filter cartridges that can be catered to the situational need. 
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Similar to the disposables, when the user inhales, air is drawn through the filter cartridges. 
Fit testing is also required for these units.

 c. Powered air-purifying respirators (PAPRs): These respirators use a battery-powered motor-
ized blower unit to draw room air through a HEPA filter and push the filtered air into a 
head enclosure that has an integrated clear plastic face shield. Since there is a positive air 
pressure in the head enclosure, PAPRs do not require the tight seal that is necessary for the 
other air-purifying respirators, and so fit testing is not required.

Examples of Hazards

Biological

In the broadest sense, biological hazards occur whenever people, plants, or animals may be exposed to 
infectious microbes, or the toxins that are produced by these microbes, and illness or death results from 
this exposure (Rasco and Bledsoe 2005). These microbes typically fall into one of five categories: bacte-
ria, viruses, fungi, protists, and archaea (NIH 2015). By far the largest categories comprising biological 
hazards belong to bacteria, viruses, fungi, and protists.

It was in 1876 that Robert Koch first recognized that microorganisms can cause disease when he took 
blood from Bacillus anthracis–infected cattle and used it to infect healthy cattle. Regardless of whether 
the microbe is studied because of its disease-producing capabilities or its link to chronic disease, work-
ing with these biological agents presents unique hazards to husbandry staff. Additionally, since many 
of the diseases caused by these microbes are easily transmitted by fomite, vector, aerosol, or accidental 
inoculation, these hazards can also present added risks to the research animals (Coelho and García Díez 
2015).

It is not within the scope of this chapter to provide an exhaustive list of all potential biological agents; 
for a more in-depth treatment of this topic, by agent name, the reader is referred to the BMBL (CDC-NIH 
2009), the NIAID’s biodefense Category A, B, and C pathogens (NIAID 2015), and the American Public 
Health Association’s Control of Communicable Diseases Manual (APHA 2014).

Another area of research in which biological hazards may be encountered is xenotransplantation using 
human tissues. In addition to the more historical use of immunodeficient rodents to study the growth and 
treatment of relatively well-defined tumor cell lines of human origin, many hospital-associated research 
programs are obtaining tumors and other tissues from hospital patients to identify potentially efficacious 
treatments using rodent models. It is generally recommended that tissue or cell lines of human origin 
be screened for the presence of human pathogens. In all cases, a risk assessment should be conducted to 
determine the appropriate biosafety level procedures and practices to be implemented in order for hus-
bandry staff to safely handle the animals and any potentially contaminated bedding, cages, accessories, 
and so forth.

The safety of both personnel and research animals is of paramount importance when working with 
microorganisms or biological toxins that cause disease. Another important consideration is the need to 
proactively address how accidental exposures will be handled. Practicing the steps involved in treating 
and reporting an exposure will be key to successful implementation of an organization’s emergency 
plan. Invariably, these sorts of mishaps occur late on a Friday afternoon or Sunday morning when the 
emergency contact is out of town, so having alternate contacts is an important consideration. Developing 
a formal, written emergency action plan to handle both medical exposures to biological hazards and 
evacuations and rescues is a critical component of an occupational health and safety program (OHSP), 
especially when working with infectious agents and biological toxins (CFR 2002).

Chemical

Chemical exposures can come from a variety of areas within a biocontainment laboratory. With the 
advent of smaller, more efficient automated analyzers for chemistry or toxicology testing, it is no longer a 
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rare event to have this equipment in a containment area. Unfortunately, common features that may serve 
as hazards include the sharp-ended sample needles that become contaminated with a toxic chemical and 
can easily puncture skin, resulting in a potential exposure. High-velocity robotic arms or centrifuges 
associated with this equipment can also serve as routes of aerosol exposure, not only for the chemicals 
associated with the analyzers, but also for any infectious materials contained in the samples. Fortunately, 
newer models come with protective covers that can mitigate these exposures.

Standard disinfectants in containment laboratories, such as bleach, Micro-Chem™ (quaternary com-
pound), and Virkon™ (peroxygen compound), constitute a daily chemical hazard faced by husbandry 
staff. Appropriate PPE should be worn whenever handling these compounds to avoid potential cutane-
ous and mucous membranes exposures, especially when concentrated forms of disinfectants are being 
handled. It should also be noted that many disinfectants can also be a slip hazard when applied to floors. 
The CDC maintains a website that provides information about chemical emergencies (http://emergency 
.cdc.gov/chemical/lab.asp), as well as other guidelines for safe laboratory work practices (CDC 2012).

Radiation

Although the Cold War era purportedly ended in the 1990s, the fear of radiological hazards associated 
with a deliberate or accidental release of radiation endures as an existential threat. With the advent of 
nuclear medicine in the 1950s and the use of radiation (radioisotopes) to diagnose and treat cancers, 
scientific efforts have expanded. These efforts include a focus on developing mechanisms to assess radia-
tion injury; early, preclinical radiation countermeasures; and cutting-edge medical treatments utilizing 
novel radiopharmaceuticals. The lead for regulatory activities governing nuclear materials, reactors, 
security, and radioactive waste is the U.S. Nuclear Regulatory Commission. Its website links to much 
useful information for personnel involved with the study of radioactive materials. Specifically, for the 
medical, industrial, and academic uses of nuclear materials, a good starting point would be http://www 
.nrc.gov/materials/medical.html.

In developing a radiobiological research program, it is not likely the reactors or other sources of ion-
izing radiation will be colocated in the vivarium, so it is important to ensure that reactor staff, who might 
only have an ancillary association with the research animals, are nevertheless trained and covered by 
the institute’s occupation health and safety program specific to the animal models under study. Reactor 
or irradiator staff are routinely trained in the safe operation of the reactor and associated equipment, but 
they may not be aware of the need to wear PPE to prevent direct exposure to animal allergens or bite 
and scratch hazards from the animal or its caging. The use of PPE may not be practiced on a routine 
basis if radiation studies are only performed on a sporadic basis. The need for tuberculosis (TB) tests 
and measles titers to minimize infected humans transmitting disease to susceptible nonhuman primates, 
and the need for zoonoses training in the event personnel are bitten or scratched by an animal or pinched 
by a contaminated piece of equipment are other considerations for the staff in a radiobiological research 
facility.

Another consideration is that vivaria HVAC systems are usually designed to circulate air within the 
animal facility and do not share unfiltered air with administrative areas. Conversely, radiation exposure 
areas may share their air with other areas of the building. Thus, if animals will be waiting in a prestage 
area, or even within the exposure area, the air circulation pathway may inadvertently expose both the 
animals and the susceptible human populations to each other. Thought should be given to ensuring that 
transport carts are utilized to minimize animal populations from coming in contact with unintended 
personnel as they are moved to, and wait in, the radiation exposure facility.

Husbandry staff working with animals exposed to radiation represent another population requiring 
close oversight. Although this population may be well versed in the various animal species and their 
routine husbandry requirements, they may not, at least initially, be as well versed with safe handling of 
radioisotopes, depleted uranium pellets, or other radiation hazards to which animals may be exposed. 
Close scrutiny must be paid during protocol development to ensure that these radiological hazards are 
addressed as they apply to contaminated animal feed and soiled bedding. One frequently overlooked 
aspect of radiation research may be the need to store both liquid and solid waste streams, including 
carcasses, for prolonged periods before they can be safely disposed of in the appropriate manner. To the 
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uninitiated, the extra storage of accumulating contaminated waste may represent the unplanned, albeit 
temporary, loss of valuable vivarium square footage. In addition to the usual IACUC review, these proto-
cols should receive additional scrutiny by trained members of the radiation safety committee.

As with other hazards associated with research, radiological emergencies may arise. Steps should be 
employed to preemptively address accidents and exposures before they occur. Of value would be the 
creation of radiobiological advisory teams with expertise in the handling and mitigation of radiation 
hazards. With proper training, these teams serve as a valuable adjunct to safety and occupational health 
departments, capable of bringing more precise subject matter expertise to the research program.

Recombinant DNA and Synthetic Nucleic Acid Molecules

The first U.S. patent for recombinant DNA technology was in 1974, followed 8 years later by the licens-
ing of the first drug produced via recombinant DNA technology: biosynthetic human insulin (BHI), in 
1982, made by inserting human genetic material into bacteria and allowing them to efficiently produce 
large quantities of the BHI. The processes that led to these developments are referred to as recombinant 
DNA technology: novel DNA created by the combination of two or more strands of DNA that may have 
originated from different species and combine in such a way that the genetically modified organism 
may never have existed in nature before. Scientists working with these recombinant techniques quickly 
realized that there was the potential for undesirable, unpredictable, or even hazardous side effects. This 
realization led to the International Conference on Recombinant DNA in February 1975, from which the 
U.S. government issued the NIH Guidelines for Research Involving Recombinant or Synthetic Nucleic 
Acid Molecules (NIH Guidelines) (Berg and Mertz 2010). These guidelines launched the concept of 
establishing institutional biosafety committees to provide the review and oversight of research utilizing 
recombinant or synthetic techniques (Hackney et al. 2012). The guidelines also provide the framework 
researchers must follow when designing gene therapy experiments.

These types of experiments are initially carried out at the more stringent ABSL-2 or ABSL-3 (Feldman 
2003) before reducing the husbandry practices to ABSL-1 if a biosafety evaluation, with thorough risk 
assessments, indicates that the vectors are not environmentally persistent and do not amplify, and no 
known pathogenicity in humans is uncovered (Reuter et al. 2012). In most cases, recombinant organ-
isms can be handled at the same ABSL as the wild-type recipient, while poorly defined DNA sequences 
from donor organisms, which might increase the virulence of the recipient organism, should be handled 
at higher ABSLs. Additional information on the NIH Guidelines can be obtained from the NIH Office of 
Biotechnology Activities at http://osp.od.nih.gov/office-biotechnology-activities/biosafety/nih -guidelines.

Carcinogens

Carcinogens are substances or exposures that can change a cell’s DNA, either directly or indirectly, 
eventually causing cancer. The cancer-causing exposures can be long-term or short-term, and the doses 
can be high or low. Conservatively, there are more than 340 substances with the potential to cause human 
cancers. Extrapolation allows these human carcinogens to generally be considered animal carcinogens as 
well. Three of the frontline agencies developing and tracking carcinogens are the International Agency 
for Research on Cancer (IARC) (http://www.iarc.fr), the U.S. National Toxicology Program (NTP) http://
ntp.niehs.nih.gov), and the EPA (http://www.epa.gov). The IARC began as an entity of the WHO, while 
NTP was formed from several different government agencies, to include the NIH, CDC, and the Food 
and Drug Administration (FDA). The IARC’s major objective is to identify causes of cancer, while the 
NTP is primarily known for its periodic updates to its Report on Carcinogens.

The Integrated Risk Information System (ISIS) (http://www.epa.gov/iris) is an electronic database 
maintained by the EPA to inform the public of the human health effects from environmental substances. 
Each of these agencies has a different set of standards to classify these compounds, generally along the 
lines of carcinogenic, possibly carcinogenic, unclassifiable, and probably not carcinogenic. Ancillary fed-
eral agencies that also play a role in carcinogenic agent tracking are the CDC’s NIOSH (http://www.cdc 
.gov/niosh) and the National Cancer Institute (http://www.cancer.gov). Preventing exposure of husbandry 
staff to carcinogens is critical, and steps must be taken to prevent exposure from all routes, including 
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cutaneous, mucous membrane, ingestion, and inhalation. Working closely with research investigators 
and environmental health and safety (EHS) staff to develop safe husbandry procedures is essential.

Nanoparticles

Nanoparticle technology has been known since at least the ninth century, when skilled craft workers 
utilized a technique of applying a metallic film to the surface of pots to get a glittering effect. The 
technology continues today with the advent of book pages infused with silver and copper nanoparticles 
that filter out disease-causing bacteria in water teeming with raw sewage that can be deployed during 
environmental disasters or third world hot spots to alleviate shortages of potable water (Brink 2015). The 
benefits of this technology continues with the discovery that cone snail venom delivers analgesia 1000 
times more potent than morphine but is degraded by the blood–brain barrier (BBB) unless it is hidden in 
a nanocontainer that can bypass the BBB (Anand et al. 2015). Interestingly, it was Michael Faraday, in 
1857, who is credited with the first scientific investigations utilizing these ultrafine particles (Heiligtag 
and Niederberger 2013).

Once the scientific investigations began, both medical and environmental safety considerations of 
nanotechnology started to receive attention. As the body of evidence grows that nanomaterials can cause 
adverse health effects, the research also demonstrates that inhalation is a significant route of exposure 
(NIOSH 2012). A 2006 study by Elder demonstrated the ease with which ultrafine particles of inhaled 
manganese oxide particles (as might be expected to be generated from, e.g., arc welding) are easily taken 
up by the olfactory neuronal pathway directly to CNS tissue (Elder et al. 2006). This olfactory neuronal 
pathway has also been demonstrated in nonhuman primates and is likely to be a route in humans too.

The National Nanotechnology Initiative (NNI) was established in 2000 to coordinate federal research 
and development efforts and promote competitiveness of the United States in the nanotechnology field 
(http://www.nano.gov/about-nni/what). This initiative is now a federal program for science, engineer-
ing, and technology research and development for nanoscale projects. The NNI serves as the commu-
nication hub for all federal agencies engaged in nanoresearch. Out of this initiative eventually grew 
the Nanotechnology Research Center in 2004, a component of NIOSH, the lead agency in the U.S. 
government’s NNI. As with most areas in the safety arena, risk management is the critical component 
to working with nanoparticles. Exposure assessment is the first element in mitigating problems, but 
exposure control is no less important. Control mechanisms include elimination, substitution, isolation, 
engineering controls, administrative controls, and PPE. A useful document to develop risk management 
strategies for work with nanoparticles is NIOSH’s “General Safe Practices for Working with Engineered 
Nanomaterials in Research Laboratories,” available at the CDC website (http://www.cdc.gov/niosh; pub-
lication No. 2012-147). Additional guidance and free publications are available at https://www.cdc.gov 
/niosh/topics/nanotech/pubs.html.

Another source of recent guidance on improving the safety of nanoparticle research is the Scientific 
Committee on Emerging and Newly Identified Health Risks (SCENIHR). Its website is http://ec.europa 
.eu/health/scientific_committees/emerging/index_en.htm. At the behest of the Council of the European 
Union in 2005, the SCENIHR drafted a document titled “The Appropriateness of Existing Methodologies 
to Assess the Potential Risks Associated with Engineered and Adventitious Products of Nanotechnologies,” 
which is available at http://ec.europa.eu/health/ph_risk/documents/synth_report.pdf.

Administrative Controls

Hazard Identification and Risk Assessment

Husbandry staff working with animals exposed to experimental hazards are on the front line of research, 
and the hazards to which they may be exposed must be effectively identified and the appropriate level of 
risk assigned to those activities. Laboratory directors and principal investigators have primary responsi-
bility for ensuring that an effective risk assessment is performed (CDC-NIH 2009). Many other entities 
within an organization share that responsibility.
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Hazard identification is a critical aspect of the risk assessment process and is the first step in protecting 
the health and safety of husbandry staff. While the principal investigator is usually the best source for 
identifying experimental hazards and the subsequent mitigation strategies for them, the institutional EHS 
office should also be integrally involved in identifying potential hazards in the work environment. Other 
groups with in-depth knowledge of the day-to-day activities in the animal facility may provide important 
insight as well. Involving the husbandry staff, veterinarians, facility managers, veterinary technicians, 
and scientific staff will help to ensure that all aspects of the animal care and use program are evaluated.

It is important that hazard identification and the associated risk assessment be ongoing processes that 
involve individuals qualified to assess dangers associated with the work being performed, and that com-
mensurate safeguards are implemented in a timely manner (NRC 2011). While routine walk-throughs of 
animal holding areas by EHS professionals are a very useful tool for identifying hazards (NRC 1997), 
the identification of hazards before they are introduced is a much more effective approach. Most institu-
tions require the description of any experimental hazards used with animals to be included in the animal 
use protocol that is reviewed by the IACUC. While the safety office and/or appropriate safety committee 
may also be responsible for reviewing experimental hazards used with animals, the inclusion of a safety 
professional on the IACUC is very useful in ensuring that hazards that are planned for use in the animal 
facility are identified early. This is especially helpful where the use of experimental hazards in animals 
is relatively common.

The identification of hazards is an integral step in the ability to perform an effective risk assessment. 
Risk assessment is a dynamic process that involves the evaluation of multiple variables. In its basic form, 
two major areas are evaluated: (1) the likelihood of an injury or illness occurring from the hazards, and 
probable consequences of an exposure (CDC-NIH 2009), and (2) an individual’s susceptibility to illness 
or injury. The intensity, duration, and frequency of exposure to the hazard are important in determining 
the level of risk involved (NRC 2011). Similarly, a change in an individual’s susceptibility to illness or 
injury can affect the level of risk. For example, the development of a condition that results in a decrease 
in his or her immune response, which then would increase his or her susceptibility to a hazard, may be a 
low risk to an immunocompetent individual. All these factors must be reviewed on an ongoing basis, and 
especially when changes in either the hazard or an individual’s health status occur.

While the risk assessment process can be subjective and there is no standard approach, in the authors’ 
opinion the risk assessment process is critical when husbandry staff are working with experimental haz-
ards, and it should be a structured and documented process. The ultimate goal of the hazard identification 
and risk assessment processes is to ensure that all hazards to which husbandry staff may be potentially 
exposed are identified, the risk to them has been thoroughly assessed, staff are informed of the hazards 
and have received appropriate training on them, and effective mitigations are in place to protect the staff.

Reporting and Communicating Adverse Events

A culture that encourages husbandry staff to report any adverse event should be implemented and sus-
tained. Timely reporting of injuries or illnesses is vital for not only providing the appropriate medi-
cal treatment to staff, but also identifying trends that could affect other staff members in the future. 
Reporting of potential exposure to hazards, injuries, or accidents is extremely important for many rea-
sons and is usually required by law. In the United States, employers are required to keep records of 
occupational deaths, injuries, and illnesses using OSHA’s 300 form (CFR 1960). The practice of col-
lecting and reviewing “near-miss reports” is considered a proactive approach to identifying potential 
issues before they become an actual hazard. While not usually required from a regulatory standpoint, 
collecting information on human error or mechanical malfunctions that “almost” result in an exposure 
or injury can provide important insights that can help guide a preventative approach to health and safety. 
In the world of infectious disease hazards, the line between a potential exposure, an exposure, and a 
reportable illness may not be as clearly defined as for some other hazards, with many of these infectious 
agents producing general and nonspecific flu-like symptoms. In order to provide additional safeguards 
in these situations, most institutions require husbandry staff working with animals exposed to infectious 
organisms to report any fever they have over a certain temperature to a designated health professional. 
This practice is instituted in order to minimize the possibility of a work-related exposure being missed.
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Communication of Hazards

Employers have a responsibility to communicate potential hazards in the workplace to their employ-
ees. For example, OSHA’s Hazard Communication Standard (HCS) (CFR 2015c), with recent updates 
effective in June 2015, requires that all employers with hazardous chemicals in their workplace prepare 
and implement a written hazard communication program. The employer must ensure that all hazardous 
chemical containers are appropriately labeled and that employees are provided access to the safety data 
sheets (SDSs) for these chemicals. In addition, it is required that an effective training program be con-
ducted for all employees having a potential for exposure.

OSHA’s Bloodborne Pathogens Standard (CFR 2001), as modified to include the Needlestick Safety 
and Prevention Act, prescribes safeguards to protect workers who could be reasonably anticipated to 
contact blood or other potentially infectious material, such as unfixed human tissues and certain body 
fluids, against the health hazards caused by blood-borne pathogens. These pathogens include, but are 
not limited to, hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus 
(HIV). The standard requires employers to establish an exposure control plan, provide worker training 
with annual updates, and use labels and signs to communicate hazards. In addition, the standard requires 
the institution to provide vaccination when appropriate and identify appropriate hazard control practices, 
such as the use of sharps disposal containers and self-sheathing needles.

As a part of a required occupational health program, the Department of Health and Human Services 
(HHS) regulation (CFR 2012b) requires that all personnel approved for access to Tier 1 BSAT be pro-
vided with the following information:

• The risk and associated health hazards for working with the Tier 1 BSAT

• Typical signs and symptoms of the diseases

• The available pre- and postexposure resources for treatment

• Whom to contact and what to do in an emergency

• Policies for immediately reporting and documenting all potential occupational exposures

As noted in the BMBL (CDC-NIH 2009), signs must be posted at the entrances to areas containing 
hazardous infectious agents. These signs should include the universal biohazard symbol, agent-specific 
information, entry and exit procedures (e.g., PPE requirements), and information for contacting respon-
sible personnel.

As we have stressed throughout this chapter, the preparation of thorough formal risk assessments is 
essential for establishing practices to mitigate exposure risks to experimental hazards. These assess-
ments serve as a primary source for the communication of hazards to husbandry staff.

Occupational Health and Safety Programs

Employers are responsible for providing safe and healthful working conditions for their employees. 
(OSHA, Occupational Safety and Health Act, 1970). An effective OHSP that meets all federal, state, 
and local regulations is critical in maintaining a safe and healthy workplace. The OHSP should con-
sider all aspects of the institution’s research program, including personnel, research activities, facili-
ties, hazardous materials, and animal species. In addition, the OHSP should include coordination 
with members of the research, animal care and use, occupational health and safety, and administra-
tive groups (Swearengen and Carpenter 2015). Some of the major references available when prepar-
ing an OHSP for husbandry staff include the Guide for the Care and Use of Laboratory Animals 
(NRC 2011); the National Research Council’s Occupational Health and Safety in the Care and Use 
of Research Animals (NRC 1997); the BMBL (CDC-NIH 2009), which serves as a reference with 
respect to working with infectious agents and toxins; and the NIH Guidelines (NIH 2013). For spe-
cific guidance when working with nonhuman primates, the National Research Council’s publication 
Occupational Health and Safety in the Care and Use of Nonhuman Primates (NRC 2003) is avail-
able. The four major components of an occupational health program include preplacement medical 
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evaluations, vaccines, periodic medical evaluations, and medical support for occupational illnesses 
and injuries (CDC-NIH 2009).

 1. Preplacement medical examinations: Individuals with a potential for exposure to hazardous 
agents should be enrolled in an OHSP and should receive preplacement medical evaluations 
(CDC-NIH 2009). The OHSP health care providers should be well versed in the hazard risks 
found throughout the organization’s work environment and knowledgeable of the potential haz-
ards encountered by each individual in the program. As a part of the medical evaluation, to 
adequately assess the individual’s fitness to perform specific activities, the health care profes-
sional should evaluate any ongoing and previous medical conditions, medications being taken, 
and records of previous immunizations.

 2. Vaccines: When available, commercial vaccines for infectious agents to which an individual 
could potentially be exposed should be made available. Husbandry staff are routinely vac-
cinated against tetanus (NRC 1997). If working with susceptible species, preexposure immu-
nization should be offered for specific agents such as rabies virus. If working with human 
blood, tissues, or cell lines, HBV vaccines should be available (NRC 2011). When commercial 
vaccines do not exist for a biohazardous agent that represents a potential exposure risk and an 
investigational new drug (IND) status vaccine for the agent is available, the IND vaccine should 
be offered, if determined appropriate by the risk assessment. General vaccination and vaccine-
specific recommendations are provided in the BMBL and the CDC ACIP (CDC 2011a).

 3. Periodic medical evaluations: As part of the OHSP for individuals with the potential for being 
exposed to hazardous agents, routine periodic medical evaluations may be given. Medical 
clearances may be required in specific circumstances (e.g., respirator usage). Based on the 
assessment of risks and program requirements, how often medical evaluations are performed 
may vary. Methods for performing the evaluations can vary. Some aspects of the evaluations 
can be accomplished through using questionnaires and some through physical evaluations. 
These determinations should be made considering the health of the individual and the level of 
risk present. If any changes occur to an individual’s health status between medical evaluations, 
it is extremely important that these changes are reported to the health care provider so that the 
individual’s specific occupational health and safety plan can be updated and it can be deter-
mined if his or her activities can be performed safely. For individuals that have a substantial 
exposure risk to infectious agents, it may be appropriate to offer periodic laboratory testing to 
detect preclinical evidence of an occupationally acquired infection (CDC-NIH 2009).

 4. Medical support for occupational illnesses and injuries: A key element of an OHSP is to have 
protocols and procedures in place for addressing potential exposures to hazardous agents. To 
ensure appropriate and timely response to an exposure, exposure-specific protocols should be 
readily available. These protocols should describe appropriate first aid, options for postexpo-
sure prophylaxis, recommended diagnostic tests, and expert medical evaluation sources (CDC 
2013). Identifying potential exposures is not always easy. Signs indicative of an exposure may 
not present until much later and can mimic those associated with common respiratory diseases. 
It is important to build a workplace culture in which individuals are comfortable contacting the 
OHSP health provider when they have any signs that could be associated with exposure to any 
of the hazardous agents in their work area. Additional information about occupational health 
and safety in animal care and use programs can be found in Chapter 14 of this text.

Training and Competency Determination

Introduction

To minimize biological hazards, personnel must be well trained and competent in performing the proce-
dures, well in advance of the start of the protocol. There must be sufficient time to train to competence, 
not just to familiarization. There are distinct differences between personnel who are trained and those 
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who are determined competent. Competency is measurable, and while it includes evidence of knowledge, 
skill, and abilities, it also should include judgment and self-criticism (CDC 2011b). Not understanding 
the difference between training and competency is an often overlooked aspect of working with hazards 
and is a contributing factor in lab-acquired infections.

Animal research will continue to be an invaluable and necessary component of scientific investiga-
tions as society seeks answers to the current gaps in knowledge. A moral and ethical commitment arises 
from each research protocol that utilizes animals in support of this mission. These commitments are 
to ensure that all animals are used in the most humane manner possible, scientific advancements and 
human health benefits are maximized, and animals are not arbitrarily wasted on poorly designed sci-
entific studies. In order to meet this obligation, a research facility must first develop and then maintain 
a robust, flexible, conscientious, and legally observant animal care and use program. To meet the mini-
mum requirements, a research facility must have the wherewithal to evaluate this training program, and 
this is most effectively done with the support of an IACUC, an engaged IO, and committed cooperation 
from the staff both receiving and providing the training. These three components, when functioning 
appropriately, have the ability to identify and resolve problems before animal welfare is compromised, 
science is adversely affected, or instructional quality is rendered irrelevant. Although these components 
each have their own guiding principles of laws, regulations, and policies to assist in decision making, 
they also have overlapping functions that provide balance to the research program.

In addition to the three components, an actively engaged program will also avail itself of outside enti-
ties to provide additional oversight. AAALAC International and the CDC are two such bodies that can 
provide this additional level of outside review, especially for biocontainment environments.

Prior to outside entities performing additional oversight, a strong program will have developed strong 
internal measures of assessment, especially for training. Once a procedure is developed and validated, 
training can be created to replicate the validated procedure. When training begins, it is important to 
measure the success of the teaching and, finally, to have a program in place for periodic refresher train-
ing. These crucial steps must be carried out at every level of biosafety containment, not just in noncon-
tainment scenarios, hoping that the procedures extrapolate to biocontainment. From a safety perspective, 
training is a major component due to the highly hazardous agents and toxins used and the difficult 
working conditions under which many of the tasks must be performed to minimize risk as much as 
possible. Introducing animals into these hazardous conditions only serves to introduce additional risk 
into the equation, so the personnel responsible for this work must be highly trained and exceptionally 
proficient, but still able to conduct the required procedures in a safe and humane manner. The only way 
for this proficiency to grow is through extensive training, competency determination, maintenance of 
skills through constant practice, and acquisition of additional skills when required by protocol obliga-
tions. When designing the training program, care must be taken to ensure that the training complies with 
federal law, applicable accreditation standards, and industry best practices.

Training Program

Although individual training programs can vary widely, effective programs have similar characteristics: 
(1) didactic training whereby personnel first read, and become familiar with, SOPs, safety manuals, 
disaster planning, SDSs, and facility policies; (2) one-on-one or small group orientation to the area where 
work will be performed; (3) task-specific training in a mock environment; (4) task-specific training in an 
actual containment environment; and (5) periodic refresher training and assessment of skills.

Basic Safety Principles

The didactic training should have a heavy emphasis on the principles of safely working in a contain-
ment environment before introducing animals into the training scenarios. It is important that personnel 
demonstrate a thorough knowledge of the following areas before proceeding with the hands-on training 
using live animals: facility-specific safe laboratory operations, blood-borne pathogens training, chemi-
cal hygiene, laboratory-specific SOPs, and an introductory overview of the agents in use, especially the 
clinical signs and symptoms expected in the event of an exposure.
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Containment and Work Area Orientation

Each research facility should establish a hierarchy of trainers. These trainers are responsible for famil-
iarizing personnel to the safe work habits expected of all employees in both the noncontainment and 
containment areas. At a minimum, the basic orientation should include the following topics:

• Entry and exit procedures for both regular and emergency conditions, making sure to include 
training on the various alarms the research facility may have (e.g., fire, low oxygen, and HVAC)

• Safe disposal of generated laboratory wastes

• Donning and doffing procedures for PPE for each area and the rationale for the use of specific 
PPE for each area

• Procedures to follow in the event of PPE failure and how to handle potential exposures

• How to handle medical emergencies in noncontainment and containment environments

• How to handle laboratory spills

• How to contact key personnel and key departments during an emergency

• How to handle all the above issues both during and after regular working hours, including 
weekends and holidays

Task-Specific Competency

Any training involving animals must be covered by an IACUC-approved protocol. In most instances, 
the research models and techniques used in a particular organization may stay constant, so the protocol 
may be written broadly enough to cover the spectrum of anticipated needs. Addenda describing novel 
procedures or species must be approved in advance of starting work and must be in accordance with 
requirements of the individual IACUC.

The training workshops should be tailored to meet the basic needs for husbandry and handling first 
before delving into the more complicated procedures, such as phlebotomy, anesthesia, surgery, and iden-
tification of pain and distress. Again, didactic training on the SOPs relevant to each species and tech-
nique should be familiar ground for the trainee before commencing with the hands-on training. Ideally, 
a test of knowledge should be required for both the didactic and hands-on portion so that learning is not 
just a passive receipt of information. A thorough training program will also have a mechanism to docu-
ment both the didactic and hands-on training classes.

Maintenance of newly acquired skills is as important as the initial training. The system for judging 
competency should be responsive to the needs of the researcher but flexible enough to accommodate var-
ious levels of training personnel may bring to the research program. However, above all, training should 
be consistent to avoid personnel being confused while performing various techniques in biocontainment. 
Refresher training can be on a regular schedule, at the behest of managers or coworkers, or individuals 
may self-identify their additional training needs.

A key consideration for any training program is that trainers are involved early in the project planning. 
Unfortunately, all too often, training competencies are an afterthought. Long after the IACUC protocol is 
approved and the animals have been purchased, husbandry staff and veterinary technicians are given their 
marching orders for the imminent start of a protocol. If the protocol describes new techniques, there will be 
little time to adequately develop, practice, and document these competencies before the protocol starts. To 
avoid the temptation to begin protocol support in the absence of adequate time for training, always ensure 
that there is advanced planning by the key trainers or mentors and plenty of opportunities for refresher 
training in instances where significant time has elapsed from the training date to the implementation of 
the project. Additional information about education and training can be found in Chapter 12 of this text.

Mentorship Program

Mentors are those with not only exceptional experience and knowledge, but also, more importantly, an 
ability to successfully impart that knowledge and skill to the less experienced and less knowledgeable. 
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Mentorship training should occur first in a regular animal environment, followed by a simulated con-
tainment environment. Once a suitable proficiency has been attained by the trainee, the mentor will 
supervise the trainee in an active containment environment. Following extensive training, the mentor 
should verify the competency level of the trainee in all basic operational areas within the purview of the 
research facility’s mission utilizing an institute-wide training documentation program. For consistency 
and for verification purposes, it is necessary that all training events, both didactic and hands-on, simu-
lated and real, be documented in a format that is easily accessible. While a research organization may 
wish for zero mishaps, they will, nevertheless, occur. When the inevitable mishap does occur, a proactive 
safety program should immediately begin an investigation to identify the cause of the mishap. The idea 
is not to criticize or lay blame but, ideally, to get all parties involved in developing mitigators to prevent 
a recurrence and then making sure, institute-wide, that all staff can learn from the example. In instances 
where training has not been properly documented, is incomplete, or is outdated, it is not possible to fully 
gauge how much of the mishap may have been due to poor training or some other issue. This makes it 
difficult to thoroughly evaluate the mishap and judge where best to institute process improvements.

Lessons Learned

 1. One of the most common design flaws seen from a husbandry perspective in containment 
facilities is the lack of janitorial support facilities in common use areas (e.g., hallways). Since 
containment facilities are extremely expensive to build per square foot, these types of support 
areas usually found in conventional animal facilities are frequently cut as part of the value 
engineering process. Having designated areas to fill and empty mop buckets without lifting 
them to a sink is important for a number of reasons. Working in a containment facility usually 
requires several layers of PPE, including respiratory protection that may include particulate 
respirators, PAPRs, and in ABSL-4, body-encapsulating suits with an attached air supply. In 
all these cases, the additional levels of PPE can make physical effort and visual perception dif-
ficult. Adding this to the ergonomic stresses, the risk of personal injury or spilling or splashing 
contaminated water in common use areas increases dramatically. Adding a simple janitorial 
area with a water supply that can easily reach a mop bucket remaining on the floor and curbed 
dumping station can greatly reduce the likelihood of injury and inadvertent contamination of 
common use areas where drains may not be present.

 2. Decontamination of carcasses and equipment associated with an animal care program is one of 
the most underdesigned areas in containment facilities. A common mistake made in designing 
animal facilities is purchasing autoclaves that prove to be too small for the needs of the pro-
gram and/or not anticipating the level of biomass and other materials that need to be processed 
in order to use the animal space efficiently. Deciding on the types of animals, caging, and 
equipment that may be used can help inform better decisions on the size of the autoclaves or 
other decontamination equipment that will be needed. Deciding on autoclaves with the antici-
pation that caging will be purchased to fit the autoclave can be a disaster. If larger animals, 
such as rabbits, nonhuman primates, or even larger species, are expected to be used, one might 
even consider alternative methods of decontamination, such as alkaline hydrolysis. Steam 
autoclaves, even large ones, can be limited in the amount of biomass that can be effectively 
decontaminated at one time. The ability to efficiently decontaminate carcasses and equipment 
between studies can have huge impacts on timelines for scheduling studies due to the long cycle 
times required for running autoclave cycles at various levels of containment versus the number 
of carcasses and equipment that have to be decontaminated and removed from the containment 
envelope before another study can begin. While air locks may be helpful in decontaminating 
equipment, there is still a significant turnaround time for using gas or vapor phase types of 
decontamination processes.

 3. Incorporating sufficient electrical capacity in biocontainment animal holding rooms is an 
important design consideration. Containment caging systems, unlike conventional caging, 
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incorporate electrically powered blower units to provide appropriate airflows within the cag-
ing. Some containment caging will require separate supply and exhaust blowers for one cag-
ing unit. Primary barrier devices, such as cage changing stations or downdraft tables, may be 
necessary to support the work being performed. Electronic balances, computer equipment, and 
many other specialized pieces of equipment, which require an electric supply, may be required. 
Retrofitting an operational containment area with additional electric capacity can be a diffi-
cult, expensive, and time-consuming proposition. It is important to have an individual knowl-
edgeable of the potential caging and equipment requirements for containment animal holding 
spaces involved in the design process. Consideration should be given to the number of electric 
outlets, which are required to be on emergency backup power; their individual capacity; their 
location in the room; and the potential for the room’s total electric capacity. If all the electrical 
outlets are not tied into the emergency electrical power supply, then consideration should be 
given to ensuring the strategic placement of the limited number of emergency supply outlets 
throughout the room.

 4. Most experts consider the unpredictability of the animal to be a major risk factor for potential 
exposure to hazardous materials that are being used as part of an animal research study. While 
this is true, the caging in which an exposed animal is housed is another major risk factor that 
is oftentimes overlooked. New animal caging is being designed and existing caging improved 
on an ongoing basis, especially in the growing field of research using hazardous materials. 
When ordering expensive caging and housing systems for use when hazards are anticipated, 
the authors have found it extremely important to order only one of the units initially, or borrow 
a unit from another organization that may have them, so that extensive evaluation can occur 
before large numbers are procured. Evaluating the unit for the presence of sharp edges or cor-
ners and pinch points is critical to reduce the risk of PPE tears, and skin cuts or abrasions. Also, 
it is invaluable to have experienced husbandry staff evaluate the unit for maintenance require-
ments and the ease of performing routine maintenance that could be required while units are 
still in an environment where hazardous materials are present. A thorough test of these aspects 
of a new caging system can identify many potential issues that can be collaboratively rede-
signed with the manufacturer to improve safety before a large expenditure is made.

 5. As noted in the “Animal Housing and Husbandry” section of this chapter, routine cage clean-
ing procedures for larger animals (e.g., rabbits) that are housed in containment caging are 
often performed by hand. Rabbits are particularly worrisome to handle in containment due to 
their ability to bite quickly and scratch with their powerful hind legs. To avoid removing the 
rabbit from the cage and the potential hazards with handling a conscious animal that has been 
exposed to hazardous agents, the authors have found that a simple cage partitioning tool can be 
easily fabricated and safely used. The tool is a single sheet of aluminum bent into an L-shape 
with handles affixed on both of the external sides of the L, to allow the handler to easily maneu-
ver the device. The length, width, and height of the tool are proportional to the internal size of 
the cage and the animal so that when the ends of the L meet the back and one side of the cage, 
it forms a rectangular compartment that restrains the rabbit into one corner. Once the rabbit 
is partitioned into one corner of the cage, the husbandry technician can hand clean and rinse 
the remainder of the cage and then maneuver the animal and partition to the other corner to 
complete the hand-cleaning process.

 6. Modern large animal primary containment cages are constructed with consideration for 
the environmental and behavioral needs of the animals, as well as the ability to monitor the 
animals without opening the containment envelope of the caging system. This includes the 
incorporation of large windows made from either tempered glass or high-strength clear plastic 
polycarbonate material, such as Lexan™. The authors have found that with the long autoclave 
cycles required for ABSL-3 and ABSL-4, the tempered glass option works better. Institutions 
using these caging systems have noted that the clear polycarbonate windows become clouded 
after being subjected to multiple autoclave cycles out of their ABSL-3 and ABSL-4 contain-
ment areas, but no issues have been noted with the tempered glass.
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Summary

Managing any animal husbandry program in a research environment is inherently a complex process 
that requires in-depth knowledge of both the activities and risks involved. Adding experimental hazards 
to the animal research equation brings a new level of complexity, of which a facility manager must fully 
understand in order to provide a safe environment and implement safe work practices for the husbandry 
staff. In addition to understanding the principles of working safely with known hazards, a facility man-
ager should endeavor to stay abreast of new information relevant to the activities of the husbandry staff. 
Effective communication with research staff and key safety officials within the organization is essential 
for identifying new hazards well before they are introduced, so appropriate mitigations can be thoroughly 
evaluated and implemented. Due to the ever-evolving landscape in many of the hazards discussed in this 
chapter, it is critical for facility managers to also remain current on a wide variety of relevant topics, such 
as updates to applicable regulations and guidelines, improvements in facility design and construction, 
changes in husbandry practices and techniques, new types of caging systems and safety equipment, and 
advances in establishing administrative controls. While a successful approach to managing hazards in 
an animal facility requires the involvement and cooperation of many organizational entities, the facility 
manager plays a key role as an advocate for the safety of the husbandry staff.
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Background

Veterinary care is a critical component of an animal care and use program, as the health and well-being 
of animals used in research, testing, and teaching are essential to humane and reproducible science. 
Although the veterinarian has primary responsibility for the well-being and clinical care of the animals, 
veterinary care is a team event, which spans the life of each animal and encompasses all aspects of their 
care and use.

The regulatory requirement for adequate and timely veterinary care and oversight is delineated in the 
standards developed by many countries (e.g., United States and Canada) or state unions (e.g., European 
Union) (European Commission 2007; Zurlo et al. 2009; CIOMS/ICLAS 2012; Bayne et al. 2014). It is 
the goal of program management to ensure that the provision of veterinary care is not only timely and 
of high quality, but also sufficiently dynamic to meet the needs of the research, testing, and/or teaching 
being conducted. A program of adequate veterinary care must be provided regardless of the number of 
animals used or the size of the research program and sponsoring institution.

Roles and Responsibilities

Although specific responsibilities vary, every individual in the animal care and use program shares the 
responsibility to ensure the health and well-being of the animals used in support of the program. Clear 
and timely communication among individuals at all program levels is imperative to ensuring that this 
duty is met. The specific responsibilities related to veterinary care are as follows.

Institutional Official

The institutional official (IO) bears responsibility for the entire program, which includes indirect respon-
sibility for veterinary care. The official must ensure that the veterinary care program meets the highest 
quality and most ethical standards as directed by its country, state, and local laws, policies, and regula-
tions. He or she must ensure the availability of resources (e.g., space, personnel, and funds) for both the 
routine operation of the veterinary care program and unforeseen circumstances (e.g., disease outbreaks 
and disasters). It is the IO’s responsibility to ensure that the attending veterinarian is trained, qualified 
in laboratory animal care, knowledgeable and experienced. In addition, IO must make certain that the 
attending veterinarian, or other official designated to manage the program, has the authority to manage 
the program and that the veterinary care provided is both accessible and sufficient to meet the require-
ments of the program (AWR 9 CFR §1.1; CCAC 2008, Item 7; European Parliament and the Council 
of the European Union 2010). Clear, concise, and timely communication between the IO, attending vet-
erinarian, and institutional animal care and use committee (IACUC) is critical to ensuring the overall 
program direction and animal well-being.

Institutional Animal Care and Use Committee

The IACUC or its equivalent is responsible for the assessment and oversight of all components of an 
institute’s program, including the veterinary care program. The committee plays a key role in supporting 
the attending veterinarian in ensuring the health and well-being of the animals used, in addition to serv-
ing as a line of communication throughout the program.
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Scientist

The scientist is responsible not only for the use of animals, but also for their well-being. It is highly rec-
ommended, and required in some countries (Bayne et al. 2014), that a scientist consult and/or collaborate 
with the veterinarian in both the design and execution of all projects using animals. It is important that 
the veterinarian be provided with a clear understanding of how the experimental manipulations may 
affect an animal’s physical, physiologic, or behavioral appearance or profile. Anticipated changes to 
an animal’s behavior, physiology, or appearance should be clearly outlined in the investigator’s animal 
study proposal. Other information that is critical for the veterinary care team to understand includes, but 
is not limited to, (1) unique phenotypes related to each experimental model, line, strain, or species (e.g., 
diabetes and neurological behaviors); (2) experimental and humane endpoint criteria; (3) limitations to 
intervention strategies related to pain, stress, or distress; (4) limitations to medical treatments (e.g., ste-
roids and antibiotics); and (5) limitations to palliative intervention strategies (e.g., special food, bedding, 
enrichment, and social housing). Because unforeseen complications may evolve throughout the course of 
a study and life span of an animal, continued communication with the veterinarian and veterinary care 
team is critical to ensure the well-being of the animals.

The scientist is also responsible for ensuring that all animal procedures and surgeries are conducted by 
trained, skilled personnel in accordance with his or her approved animal study protocol, which should 
include all current standards of veterinary care. In addition, the scientist is responsible for the safe use 
of hazardous agents and creating a safe work environment for his or her research team, including those 
who care for the animals.

Veterinarian

Regulatory Requirements

In the United States, the Animal Welfare Act is promulgated by the U.S. Department of Agriculture 
(USDA) as outlined in Animal Welfare Regulations (AWR) published in the Code of Federal Regulations 
(CFR) (AWAR 2013), Title 9, Animals and Animal Products, Subchapter A, Animal Welfare. The AWR 
defines the attending veterinarian as follows: “Attending Veterinarian means a person who has gradu-
ated from a veterinary school accredited by the American Veterinary Medical Association’s Council on 
Education, or has completed the American Veterinary Medical Association’s Education Commission for 
Foreign Veterinary Graduates certification program (https://www.avma.org), or has received equivalent 
formal education as determined by the Administrator; has received training and/or experience in the care 
and management of the species being attended; and who has direct or delegated authority for activities 
involving animals at a facility subject to the jurisdiction of the Secretary” (AWR 9 CFR §1.1). The qual-
ity or quantity of the required training or experience has not been specified by the USDA.

Program requirements have also been put in place by the European Union related to the designation of 
an advisory veterinarian with expertise on laboratory animal medicine for each animal breeder, supplier, 
and user (European Parliament and the Council of the European Union 2010, Article 25). But here again, 
like the USDA, the regulations do not specify the nature of the required expertise. The Canadian Council 
on Animal Care’s policy statement for senior program administrators responsible for animal care and 
use programs (CCAC 2008, 7.2) states that veterinarians providing clinical services and/or compliance 
oversight must have the experience and expertise necessary to evaluate the health and welfare of each 
species used in the context of the work being conducted by the institution.

In most situations, the veterinarian overseeing the care of research animals has completed several 
years of postdoctoral training under the oversight of an experienced veterinarian. Credentialing by a 
certifying organization (e.g., the American College of Laboratory Animal Medicine [ACLAM]) is a 
common way of providing evidence of a veterinarian’s knowledge and experience. Several countries 
have established colleges that set criteria and standards for obtaining board certification in the labo-
ratory animal medicine specialty (i.e., Europe, Japan, and Korea) (http://www.iaclam.org/about.html). 
Additional information can be obtained from the International Council for Laboratory Animal Science 
(ICLAS) (http://iclas.org/) and the International Association of Colleges of Laboratory Animal Medicine 
(IACLAM) (http://www.iaclam.org/).

https://www.avma.org
http://www.iaclam.org
http://iclas.org
http://www.iaclam.org
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Although veterinary practice licensure in the state, country, province, or region may not be required 
to provide care to laboratory animals, licensure is commonly required to procure various pharmaceuti-
cals and controlled drugs and sign health certificates. Veterinarians and institutions should review their 
local requirements for licensure and/or accreditation, which often vary by country, state, province, or 
region.

Veterinary Care Responsibilities

The attending veterinarian has ultimate responsibility for the day-to-day health and well-being of all 
animals in the program. The range and scope of these responsibilities are outlined in the Guide for 
the Care and Use of Laboratory Animals (Guide) (NRC 2011), as well as several position (AAALAC 
2016; ACLAM 2016) and policy statements (CCAC 2008; European Parliament and the Council of the 
European Union 2010; USDA 2016). The size of the institutional program and nature of the research 
being conducted will determine whether a full-time, part-time, or consulting veterinarian is required. 
When the veterinarian is less than full-time, an explanation of his or her role and a prearranged schedule 
of when he or she will visit the animal facility should be available in writing (AWR 9 CFR §2.33 a.1). 
Regardless of the time commitment, the veterinarian’s accountability remains the same. The definition 
of what is determined to be “adequate veterinary care” may vary between jurisdictions or countries. 
Adequate veterinary care guidelines commonly define the requirement for veterinary access to the ani-
mals and their records, the frequency of veterinary visits and observations, and the provisions for provid-
ing timely and appropriate medical care (ACLAM 2016).

A veterinarian is a required member of the IACUC and should have specialized training and/or expe-
rience in the field of laboratory animal medicine and science. The veterinarian serves as the subject 
area expert for issues ranging from animal husbandry to the identification and alleviation of pain and 
distress. The scientist should take advantage of the veterinarian’s expertise during protocol development 
and consult with him or her throughout the protocol review and implementation process. Many IACUCs 
require that the institutional veterinarian be consulted on the proper use of anesthetics, analgesics, and 
euthanasia agents. At a minimum, the veterinarian should be involved in the review and approval of the 
final protocol.

The veterinarian works closely with the IACUC to facilitate the postapproval monitoring of approved 
animal study protocols, as well as the daily monitoring of all animal care and veterinary care program 
operations. The veterinarian plays a key role in the identification and prevention of occupational health 
and zoonotic issues. He or she must work closely with program managers and safety specialists in the 
development of standard operating procedures (SOPs) to mitigate or remove occupational health risk 
factors. The veterinarian has a role in training the investigative and animal care staff, as well as clinical 
support personnel. The training should include, but not be limited to, animal procurement, transporta-
tion, identification, handling, husbandry, preventive medical care, veterinary care, chemical sedation 
and anesthesia, sterile and aseptic surgical techniques, analgesia, euthanasia, and recognition of species-
specific signs of pain or distress.

The experienced laboratory animal veterinarian is an important member of the management team 
and should be included in discussions of issues that involve the animal care program and animal holding 
facilities. Facility construction, caging purchases, investigator-purchased equipment, and so forth, can 
directly or indirectly impact animal health and well-being or increase disease spread risk.

Animal Facility Manager, Office Manager, and Administrative Staff

Like the veterinarian, the animal facility manager has delegated accountability for daily oversight of the 
facility’s animal care and use program. The manager works closely with the veterinarian to ensure the 
health and well-being of all animals. The office manager and administrative staff oversee administra-
tive functions (e.g., procurement and staffing) that are critical to keeping the program operating in an 
efficient and productive manner. Responsibilities of the facility manager, office manager, and adminis-
trative staff that directly impact the health and well-being of all animals include, but are not limited to, 
(1) facility access; (2) monitoring animal importation, exportation, and procurement; (3) oversight of 
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routine animal health and behavior evaluations; (4) ensuring execution of established facility sentinel 
programs; (5) ensuring availability of required supplies and pharmaceuticals; and (6) oversight of the 
management of animal health records. In addition to the above, the facility manager works with facility 
engineers to ensure the integrity of facility mechanical and support systems (e.g., heating, ventilation, 
and air-conditioning [HVAC] and environmental control systems).

Veterinary and Laboratory Animal Technician or Technologist

Today, there is a movement to rename the veterinary and laboratory animal technician or technolo-
gist as a “veterinary nurse” (Hyde 2016; Kennedy 2016; http://www.bvna.org.uk/publications/veterinary 
-nursing-journal). The veterinary and laboratory animal technicians and technologists work closely with 
the veterinarian to provide nursing and diagnostic support to ensure the health and well-being of all 
animals in the facility or program. In addition to their health care responsibilities, the veterinary sup-
port staff commonly executes the facility’s sentinel programs, monitors and orders required supplies 
and pharmaceuticals, manages animal health records, and may assist scientists with technical aspects of 
their research. Having additional specific training in the biology, husbandry, health, surgical care, and 
medical treatment of animals makes the veterinary technician or technologist a real asset. Veterinary 
technicians commonly hold an associate’s or bachelor’s degree in veterinary technology and may be 
designated as a “Registered” (RVT), “Certified” (CVT), or “Licensed” (LVT) Veterinary Technician. 
Individuals receiving their training through the U.S. military receive a 91T or 68T certification in vet-
erinary technology. As technicians gain experience and training in laboratory animal science, they may 
choose to become certified by the American Association for Laboratory Animal Science (AALAS) as an 
assistant laboratory animal technician (ALAT), a laboratory animal technician (LAT), or a laboratory 
animal technologist (LATG) in the United States.

Animal Care Specialist or Husbandry Technician

The animal care specialist or husbandry technician is one of the most important contributors to the 
veterinary team. They are the “eyes and ears” of the program, being the first line of defense in detect-
ing problems with an animal’s health and well-being. The specialist is trained in laboratory animal 
husbandry and is the daily caretaker for all animals under their oversight. As a result of their daily 
observations, animal care specialists gain extensive knowledge of the normal physiology and behavior 
for each animal and are skilled at ascertaining what is “normal” for the animals under their care. They 
are trained on the recognition of subtle departures from normal, which may indicate the onset of a prob-
lem or disease. Upon identifying a problem, it is the animal care specialist’s responsibility to report the 
change in the animal’s condition to the technician or veterinarian for further evaluation. The specialists’ 
contribution is also critical to the execution of many research protocols, as they are often responsible for 
the provision of protocol-approved special diets, food or fluid restriction, and the administration of study 
or therapeutic agents (e.g., analgesics).

Veterinary Care: Impact of Facility Design, Medical Support 
Areas, and Equipment

The requirement for medical facilities and equipment will vary with the species and research to be 
accommodated in a program. Program size, complexity, and location and dissemination of key program 
elements also play a role in determining the design of program spaces (Howard and Foucher 2008), the 
equipment required, the need to duplicate resources, and the amount of storage space required for nor-
mal operations and emergencies. As a general rule, rodent and aquatic facilities require less specialized 
veterinary medical support features than larger species, such as carnivores, nonhuman primates (NHPs), 
rabbits, and other nonrodent mammals. The requirements for specialized facility design features and 
specific equipment related to veterinary care may also vary with the country, province, or region in 
which the work will be conducted.

http://www.bvna.org.uk
http://www.bvna.org.uk
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Several components of facility design (e.g., differential air pressures and surface composition) have a 
direct impact on a program’s ability to exclude or limit the dissemination of pathogens (Hrapkiewicz et 
al. 2013). Attention must also be paid to personnel and equipment flow patterns, sanitization schedules, 
and chemical agents used (Shek et al. 2015). Pathogens do not move on their own, but rather attach 
themselves to airborne particles (e.g., dust), fomites, and surfaces (Brachman 1996). Therefore, if the 
movement, accumulation, and spread of dust are controlled, and surfaces are kept clean and sanitized, 
the transmission of most pathogens can be controlled. Being nonporous, free of cracks and crazing, non-
absorbent, and resistant to chemicals facilitates the ability of facility surfaces to be cleaned and sanitized 
(Leverage and Roberts 2009).

Since personnel, supplies, and equipment can also serve as fomites (NRC 1991; Becker et al. 2007; 
Clifford and Watson 2008; Watson 2013) for the transport of potential pathogens throughout the facility, 
these factors should also be taken into consideration when designing a facility. Whenever possible, the 
design should facilitate the movement of personnel and equipment from “clean” or low-risk areas (e.g., 
clean cage wash, food and bedding storage areas, and pathogen-free animal holding areas) to “dirty” or 
areas of higher risk (e.g., dirty cage wash, and isolation and quarantine areas) (Hessler 1991) rather than 
the reverse. In addition, attention should be given to the personal protective equipment (PPE) required in 
various areas of the facility to allow for the presence of gowning areas, as well as areas for the storage 
and disposal of PPE.

It is common to have procedure rooms or laboratories that are used to support both research and 
veterinary and technical procedures. Appropriate measures and SOPs must be in place to minimize 
the transmission of pathogens between animals while they are in these areas and exposed to common 
equipment. This includes, but is not limited to, surfaces where animals are used, restraint devices, scales, 
anesthetic machines, and equipment for behavioral studies. Policies should be developed to clearly define 
when animals must be handled in biosafety cabinets (BSCs) or other equipment designed to prevent the 
dissemination of pathogens or biological agents.

Experimental Testing and Procedure Rooms

It is important to determine if the two-way movement of animals will be permitted between the housing 
facility and research laboratory. If the movement of animals is restricted, the design of the animal facil-
ity should include space for the experimental manipulation of the animals. However, from a veterinary 
health perspective, testing and procedure rooms constitute a risk factor for the spread of pathogens from 
people to animals and between research animals (Koszdin and DiGiacomo 2002; Hrapkiewicz et al. 
2013; Shek et al. 2015). Here again, attention to the selection of equipment, surfaces, and design of the 
area to facilitate cleaning and sanitation will help prevent transmission of pathogens. Closed cabinets 
and storage drawers help to prevent the collection of dust on porous, hard-to-sanitize supplies and mate-
rials. Consideration should be given to the presence of running water, a refrigerator, a freezer, a fireproof 
safety cabinet, a BSC (e.g., BSL-2 and BSL-3), a chemical fume hood, and CO2 euthanasia chambers 
within the procedure area. If anesthesia will be conducted in the area, the need for oxygen and anesthetic 
gas scavenging (e.g., downdraft tables, snorkel scavenging systems, and passive vacuum systems) should 
be evaluated. If necropsies or whole-animal perfusions will be conducted, adequate ventilation systems 
must be present. The installation of a commercially available flushing downdraft necropsy table and 
systems for the collection of excess fixative to prevent contamination of public water and sewer systems 
should also be evaluated. Where animals will be handled on open countertops, room air pressure is com-
monly neutral or negative to the outside corridor. All personnel using the rooms must be educated on 
disease spread and their responsibility in maintaining clean and sanitary working conditions.

Medical Treatment Facilities

Ideally, an area for the treatment of sick animals should be included in the design of the facility. The 
size of the program, species being used, and type of research being conducted will play a role in the 
size and design of the treatment area. A dedicated treatment and holding area, separate from common 
procedure and holding rooms, may be warranted for the treatment of animals with potentially contagious 
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conditions. Treatment areas should be easily cleaned and sanitized as outlined above for experimental 
procedure areas. Treatment areas should contain the equipment and supplies required to treat animals 
without contaminating other areas of the facility or leaving an animal unmonitored to collect needed 
supplies.

Diagnostic Facilities

Imaging Facilities

Like many veterinary practices around the country, it is becoming common for laboratory animal facili-
ties to have in-house medical imaging capabilities. The requirement for and extent of in-house imaging 
is determined by the size of the program, the species being used, and the kinds of research being con-
ducted. Where in-house facilities are not possible or limited, provisions should be made to obtain the 
needed support from outside programs.

Today, in-house imaging capabilities may include radiography, ultrasound, positron emission 
 tomography/computed tomography (PET/CT), x-ray reconstruction of moving morphology (XROMM), 
magnetic resonance imaging (MRI), fluorescence imaging, and nuclear medicine. Because the imaging 
equipment and facility can function as a fomite to disseminate pathogens, SOPs must take into account 
the ease and thoroughness of routine sanitation, as well as the flow patterns of both animals and person-
nel. Specialized programs must be in place for training personnel who perform or attend imaging pro-
cedures, and depending on the potential exposure risk, personnel exposure monitoring may be required. 
Personnel protective devices such as lead aprons and gloves should be stored in a manner that maintains 
the integrity and functionality of the material. Personnel protective garments should be routinely evalu-
ated to ensure their functionality. The process consists of visually and manually inspecting the garments 
for wrinkles, cracks, crazes, or other deteriorations, followed by testing the items using radiography. 
There are commercial companies that will certify the functionality of lead aprons and gloves. The pur-
chase of preventive maintenance agreements for imaging equipment is often beneficial to keep equip-
ment in good repair and ensure safe operation.

Depending on the research being conducted and animal models used, imaging facilities may also 
require additional procedural areas for animal preparation and clinical support. This is of particular 
importance in clinical emergencies or where invasive procedures are required for the introduction of 
tracers or dyes.

Clinical Pathology Facilities

Diagnostics (e.g., clinical chemistry, parasitology, bacteriology, and serology) can be provided in-house 
or through outside programs. In many situations, a combination of the two approaches is the best solu-
tion. In-house diagnostics offer fast results, but care must be exercised to confirm that the test results are 
valid for the species being tested. Reagents and equipment must be maintained in accordance with the 
manufacturers’ instructions. An appropriate quality assurance program must also be in place to certify 
the validity of the test results. Personnel must be trained in sample handling, equipment operation, main-
tenance, and identification and resolution of problems. At a minimum, the clinical pathology area should 
be equipped with running water, a refrigerator, a freezer, and sufficient space for sample handling, equip-
ment operation, and storage of supplies. Inclusion of a fireproof cabinet, BSC, chemical fume hood, and 
CO2 euthanasia chambers within the area may be useful.

Necropsy Facilities

A dedicated necropsy area is advantageous for the containment of potential pathogens or known agents 
requiring a higher biosafety level. Containment and sanitization are key functional components of this 
area. As with most areas within an animal facility, it is critical that surfaces should be smooth, impervi-
ous to water, and free of cracks, crazed areas, and ledges. Specially designed flushing necropsy tables 
address all these requirements. Many necropsy tables are designed to also serve in downdraft mode with 
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directional airflow to facilitate the containment of airborne particles. If the table will be used for perfu-
sion of tissues with formalin or other fixatives, the table can be modified to collect the unused fixative as 
chemical waste. Necropsy rooms must be equipped with running water, soap, and paper towel dispensers. 
Necropsy equipment and instruments should be dedicated for that area. SOPs should be developed that 
outline the required PPE, traffic flow patterns, and decontamination procedures. Consideration should 
be given for the disposal of medical or pathological waste, as well as the dedicated refrigeration and stor-
age of unneeded tissue and cadavers prior to disposal. Because infectious agents may be the cause of an 
animal’s death, it is critical that the necropsy area be isolated and the personnel traffic patterns controlled 
to prevent cross-contamination. Unless separated from the main animal facility, the room air pressure 
must be negative to the outside corridor.

Pharmacy Facilities

The size and complexity of the pharmacy will depend on the size of the program, species being utilized, 
and research being conducted. Whether the pharmacy is a lockable cabinet or drawer in a procedure or 
treatment area or a dedicated room, the requirements are the same. The pharmacy must provide an envi-
ronment that protects the integrity of the pharmaceuticals and allows for their security. Drugs that are 
governmentally regulated (i.e., controlled substances) must be stored in a securely locked, substantially 
constructed cabinet. These substances must be kept in a secured location that is accessible only to a mini-
mum number of authorized individuals. Larger quantities of controlled substances may require storage 
in a safe. Smaller quantities of controlled substances can be stored in procedure and treatment areas, in a 
double-lock and double-door narcotic cabinet or other secured lockbox, for which the keys or combina-
tions are available to only authorized personnel. Some factors that must be considered when evaluating 
the storage of controlled substances include (1) the regulations applicable to the storage location, (2) the 
number of individuals requiring access, (3) the required location of the drugs, (4) the presence of alarm 
systems, (5) the quantity to be stored, and (6) the past history of thefts or diversions (U.S. Department 
of Justice 2016).

Surgical Facilities

The facilities required to conduct rodent and aquatic survival surgery are less extensive than those that 
are required for other animals. For most rodents and aquatics, surgery may be performed in a labora-
tory or facility procedure room as long as the area being used is dedicated at the time for that purpose 
and appropriately managed to minimize contamination from other activities within the room during the 
surgery. The chosen area should be free of clutter, easily sanitized, and in a low-traffic and low-noise 
area of the room.

The size of the program, species to be used, and nature of the procedures being conducted will all play 
a role in determining the size and complexity of the surgical facility required for other species. For most 
species other than rodents and aquatics, a defined facility is required. At the minimum, three distinctive 
functional rooms or areas are needed: (1) an animal preparation area, (2) a surgeon preparation area, 
and (3) a dedicated surgery area (NRC 2011). Other functional areas that are commonly present include 
a dedicated recovery room, storage space, and instrument preparation areas. The surgical suite should 
provide easy access to emergency response equipment (e.g., defibrillator) and supplies.

Surgical suites are often maintained under positive air pressure to help minimize the movement of 
potentially contaminated airborne particles into the dedicated surgery room (NRC 2011; Perkins and 
Lipman 2014). While nonsurgical use is discouraged, if a surgical facility is used for other purposes, 
thorough decontamination is required prior to reuse for surgery (NRC 2011; Perkins and Lipman 2014).

Postoperative Recovery and Intensive Care Facilities

A dedicated area for postoperative recovery is not routinely required for most rodent and aquatic species, 
although these species still require close monitoring and support after surgical procedures. A dedicated 
area in which the animal can be closely monitored and supported throughout the postoperative period is 
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required for other animals (NRC 2011). In many facilities, this area also supports animals that require 
intensive care. Intensive care areas are commonly equipped with specialized caging that is designed 
to provide a supportive environment for the animal and, in some cases, also prevent self-injury during 
the postoperative recovery period. Intensive care caging often allows for the provision of oxygen, fluid, 
medical, and thermal support to the recovering or convalescent animal. The area should be designed to 
support the electrical requirements of the various monitors, infusion pumps, and other equipment. The 
area is commonly stocked with supplies, pharmaceuticals, and equipment needed for treating medical 
emergencies.

Isolation and Quarantine Facilities

Although isolation and quarantine facilities are covered in detail in Chapter 30, it is important to under-
stand their importance to the veterinary care program. Animals are quarantined when they are known 
to carry or may potentially carry a contagious organism that could adversely impact the health of other 
animals (Carty 2008). Animals are isolated for a variety of veterinary and research reasons. For exam-
ple, pathogen-free animals are routinely isolated to verify or protect their “clean” health status. This is 
common practice with immunodeficient animals, such as nude and SCID mice. The amount of isola-
tion and quarantine space required by a program will depend on the program’s need to obtain animals 
from sources that may not meet the pathogen-free status established for the facility (Rehg and Toth 
1988; Roberts and Andrews 2008) or the research being conducted. It is critical that appropriate SOPs 
be developed that define biocontainment practices, procedures, personnel traffic patterns, and PPE to 
prevent contamination and cross-contamination of critical areas within a facility. Some programs may 
require personnel to enter isolation and quarantine areas last or take a shower before entering or leaving 
the area. Facilities of this nature will require the proximity of a locker room and shower. Anterooms 
provide a convenient area to don or remove required PPE when entering or leaving the area. Personnel 
working in isolation and quarantine areas must be highly trained in disease transmission and contain-
ment to prevent cross-contamination. Isolation and quarantine facilities should have tightly controlled 
access and often require dedicated supplies, equipment, and autoclave support. The autoclave should 
be of an appropriate size and be in close proximity to the isolation or quarantine area. Some facilities 
are designed for a double-door, “pass-through” autoclave to process material into or out of the area. 
In general, the room air pressure of isolation and quarantine areas is kept negative to the outside cor-
ridor when housing animals that potentially harbor pathogens (NIH/ORF 2008; Huerkamp and Pullium 
2009; Lipman et al. 2015). When isolating animals to protect their clean health status (immunodeficient 
animals, etc.), the room air pressure is often maintained positive to the outside corridor (Kowalski et 
al. 2002; Lipman et al. 2015).

Veterinary Programs

Animal Health Status

Establishment of the Required Animal Health Status

Using healthy animals is a foremost consideration in conducting sound research and generating qual-
ity data. Health status requirements will vary depending on the nature of the planned research (Baker 
2003; Desrosiers 1997) and must be determined before the animals are acquired. In addition, it also 
must be determined if the program has the ability to maintain the health status once the animals are 
received. Advances in facility design features, health monitoring techniques, and specialized ship-
ping containers allow vendors to meet a wide range of research demands. Institutionally managed 
breeding programs may also contribute to achieving and maintaining the appropriate animal health 
status. The researcher must make sure the animal procurement staff understands any nonstandard 
health requirements essential for the research (e.g., need for immunocompromised animals in tumor 
studies, and Helicobacter species–free mice in gastrointestinal [GI] research). It is important that 
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research staff discuss any health requirements with the vivarium’s management and veterinary staff 
prior to the acquisition of the animals. They can help the investigator determine if the vivarium has 
the capability to maintain the desired animal health status, as well as meet the other requirements 
of the research.

Research Requirements

There is no universal menu of research requirements. Each research project requires consideration of 
parameters unique to the given research. For instance, using immunocompromised animals may be 
appropriate for tumor studies but be quite inappropriate for infectious disease studies where a robust 
immune response is required. Clear communication between the researcher and the veterinary staff is 
paramount and should be initiated by the former. In the ideal world, every aspect of a research project 
should be understood by all parties involved. At a minimum, the veterinary staff needs to be familiar 
with the species to be used and understand the aspects of the research project that may potentially impact 
the health and well-being of the animals involved. Such aspects can vary from simple parameters, such 
as gender, weight, age, and coat color, to more complex aspects, such as strain and specific body condi-
tion (e.g., lean vs. obese). Unique features, such as physical and physiological fitness, size and functional 
capacity of select organs (e.g., liver and prostate in males), ability of the host immune system to fight off 
challenges (e.g., microorganism infection and foreign organ or tissue tolerance or rejection), spontaneous 
mutations, and propensity for developing endocrine imbalances (e.g., diabetes), may also be important 
factors to take into account.

Species Considerations

Rodent Colonies Establishment of the appropriate health status for a rodent colony or facility is depen-
dent on many factors. First is the potential impact of animal health status on the research to be conducted. 
Some studies have strict requirements for germ-free animals, whereas other studies are less susceptible 
to the effects of pathogens. In studies requiring pathogen-free animals, further questions must be asked 
to determine which organisms may adversely impact the research. The term specific pathogen-free (SPF) 
is commonly used in laboratory animal science to describe animals free of a defined specific list of 
pathogens. The term SPF itself does not indicate that an animal is free of particular pathogens of interest 
to the receiving facility or researcher. Each vendor or facility supplying animals must be asked which 
pathogens they exclude from their animals. It is the receiving program’s responsibility to ensure that 
the vendor’s list of organisms they test for includes the pathogens of importance to their facility and 
research. In addition, the vendor or supplying facility should be asked how the current health status of 
their animals is determined and how the status is ensured throughout their production program, as well 
as during shipment of the animals to the institution.

The second factor that must be considered is what health status is optimal for the general health 
and well-being of the receiving colony or facility. Ideally, most program managers and veterinarians 
would like their animals to be free of all viral, bacterial, and parasitic pathogens, but in reality, there 
is a direct relationship between the colony’s desired health status and the cost of doing business within 
a facility. Generally, the “cleaner” the desired colony health status, the higher the cost of maintaining 
the colony becomes. The higher cost results from several factors, including the need for (1) special-
ized caging and equipment, (2) increased levels of PPE, and (3) more intensified health surveillance 
programs. There is also a cost to the research, in that clean facilities often must not allow animals to 
return to the home facility after being tested or studied in another facility or laboratory. In addition, 
maintaining a clean facility may limit the ability to import animals from other collaborating research 
groups or vendors. Therefore, careful consideration must be given to the pathogen exclusion list devel-
oped for the colony or facility (Mähler et al. 2014; Shek et al. 2015). Programs must consider not only 
the health impact on the colony and the research, but also the final cost to maintain the desired health 
status (Kowalski et al. 2002).

Maintaining animals of a specific health status can require specialized barriers designed to exclude 
pathogens (Nicklas et al. 2015). Therefore, a third factor to consider is the available infrastructure and 
personnel to support the desired health status (e.g., flexible film isolators, microisolator caging, BSCs, 
and autoclaves), as well as the availability of funds to maintain the program.
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Nonhuman Primates (New and Old World) At a minimum, NHPs need to pass a physical examination 
and undergo a period of quarantine to determine the presence of zoonotic agents. A 31-day quarantine 
is required at the port of entry into the United States (42 CFR §71.53) to safeguard against the intro-
duction of tuberculosis-infected animals. During the quarantine, a thorough physical examination and 
clinical workup is conducted by a qualified veterinarian and the animal is administered a series of three 
intradermal tuberculosis tests. Depending on the future destination of the animal, additional tests and 
requirements may include combinations of the following:

• Dental exam

• Thoracic and abdominal radiology

• Hematology and serum biochemistry

• Internal and external parasitology

• Bacterial cultures: Fecal (Shigella sp., Salmonella sp., Campylobacter sp., and Yersinia sp.), 
nasal, oropharyngeal, tracheobronchial

• Virology: Macaque profiles—Macacine herpesvirus 1 (McHV-1; formerly herpes B), measles, 
retroviruses (Tardif et al. 2012); baboon SA8; and Herpesvirus tamarinus (marmosets)

• Urinalysis

• Vaccination status: Measles, rabies, and tetanus

• Neurological assessment: Hand and eye coordination and motor functions

• Psychological assessment: Basic (e.g., shy vs. aggressive, willingness to work with humans, 
advanced capacity for and ease of learning, memory, and suitability for complex research tasks)

• Tests focused on specific criteria required for a particular field of research: Specific phenotypes 
(e.g., obese, diabetic, or blind), congenital abnormalities (e.g., dwarfism, scoliosis, or polydac-
tyly), or special conditions (e.g., amputees or geriatric)

• Genetic profiles

When available, information on the origin of the animal (e.g., wild or captive bred, country of origin), 
may be valuable. Additional information that may prove valuable is the animals’ past social housing, 
medical, surgical, or research history.

There are several well-established NHP vendors offering a variety of species, ages, and sizes of monkeys 
with a specified health status, for example macaques free of retroviruses and McHV-1. While some insti-
tutions have adopted policies requiring their researchers to work exclusively with zoonosis-free animals, 
other institutions have created carefully crafted procedures for working successfully with populations of 
macaques known to be infected with zoonotic organisms (Mansfield 2005) or that convert to a positive 
status during a study. Programs must understand that even SPF animals, believed to be free of McHV-1, 
have been known to seroconvert and shed the virus (Weigler 1992). The only definitive, but not practical, 
method to ensure an animal does not carry the virus is postmortem testing. Therefore, starting with sero-
logically negative animals can be helpful to prevent human exposures, but appropriate SOPs, including the 
use of PPE (see Chapter 14), must still be implemented to work safely with these animals.

Carnivores Most U.S. institutions use purpose-bred (Class A) dogs. A USDA Class A license is issued 
to dealers who sell animals that were bred and raised at their facility. A Class B license is issued to deal-
ers who buy and sell warm-blooded animals that were not born and raised on their property. At the U.S. 
Congress’s request, the National Academy of Sciences (NAS) assessed whether there is a scientific need 
for National Institutes of Health (NIH) grant recipients to purchase dogs and cats from random source 
(Class B) dealers. In May 2009, the National Research Council (NRC) released its report “Scientific and 
Humane Issues in the Use of Random Source Dogs and Cats in Research.” (NRC 2009b). The report con-
cluded that there was not. Moreover, in response to congressional concern, the NIH has since advised its 
grant recipients that it is phasing out the practice (NOT-OD-11-055). Effective October 1, 2014, the NIH no 
longer funds research on dogs procured from pounds, breeders, and other so-called random sources (http://
www.news.sciencemag.org/news/2014/10/nih-ends-funding-experiments-using-random-source-dogs).

http://www.news.sciencemag.org
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Class A dogs, in addition to being clinically healthy, are typically inoculated with core vaccines (e.g., 
canine hepatitis/adenovirus type 2, canine distemper, rabies, and canine parvovirus virus) and noncore 
vaccines for canine parainfluenza virus (which some protocols still consider core), Bordetella bronchi-
septica, borreliosis, and leptospirosis (Welborn et al. 2011). Class A dogs are bred in closed colonies, 
which are tested for external and internal parasites and checked for apparent physical and physiological 
abnormalities (Nemzek et al. 2015).

Use of Class A and B cats is scrutinized using the same criteria as dogs. Class A cats, like dogs, 
derive from operations geared toward generating non-pet, but socialized, healthy animals. Core vac-
cines include feline panleukopenia, feline rhinotracheitis, feline calicivirus, and rabies virus (AAFP 
2013). Noncore vaccines include feline leukemia virus, feline infectious peritonitis virus, Bordetella, 
and Chlamydia. Such animals are also free of external and internal parasites and apparent physical and 
physiological abnormalities. Giardia vaccination is optional.

The domestic or European ferret (Mustella putorius furo) has unique applications for its use in 
research. Ferrets should only be procured from reputable research vendors with colonies of known health 
status. Unless restricted by research, it is recommended that ferrets be fully immunized against rabies 
and canine distemper virus (AFA 2006).

Lagomorphs Conventional health status rabbits are prone to secondary bacterial infections caused 
mainly by Pasteurella multocida, which can prematurely terminate research projects (Deeb et al. 1990). 
There are a number of commercial vendors generating rabbits that are SPF for Pasteurella. These ani-
mals are significantly healthier than their conventional counterparts, allowing for successful comple-
tion of longer-term research projects. When housing Pasteurella-free animals in the same facility with 
animals known to harbor the bacterium, care must be taken to establish appropriate traffic patterns and 
PPE requirements to ensure that the Pasteurella-free animals are not inadvertently contaminated with 
the agent. Investigator requirements will determine the rabbit breed to be selected. For example, both 
albino and pigmented breeds are available, and some ocular work requires the use of pigmented eyes.

Agricultural Animals Agricultural species include pigs and small ruminants. These species require 
special enclosures because of their size and rapid growth, and their care may be labor-intensive (FASS 
2010). Pigs are social, large animals that are very popular in teaching labs and are robust enough to be 
used in chronic and invasive projects. Both conventional and SPF animals are available, and the demands 
of contemporary research have created a plethora of genetically selected breeds (mini- and micropigs), as 
well as transgenic hybrids (Swindle et al. 2012).

Small ruminants (sheep and goats) have an expanding use in the research setting, although they may 
harbor some zoonotic concerns, such as Orf (parapoxvirus) and Q fever (Coxiella burnetii) (Underwood 
et al. 2015). Animals free of Q fever are now commercially available. For more details, see Chapter 23.

Amphibians Amphibians have long been utilized in scientific research and education as models for a 
variety of developmental and physiological processes, largely due to their unique ability to undergo meta-
morphosis and to regenerate limbs in some species. Their embryos have been used to evaluate the effects 
of toxins, mutagens, and teratogens. They have short generation times and genetic constructs desirable 
in transgenic and knockout technology, and also in genetic and genomic research. They are useful due 
to their sensitivity to climatic and habitat changes and environmental contamination. Amphibians begin 
life as aquatic larva and, through the process of metamorphosis, emerge as terrestrial adults. While 
many species of amphibians do not strictly adhere to this developmental pattern, they remain the only 
vertebrate class with such a unique adaptation (Zug et al. 2001; O’Rourke 2007). Xenopus laevis is the 
most commonly used species in the laboratory due to their ease in embryo manipulation and applica-
bility to early pregnancy testing and developmental studies. There are well-established U.S. vendors 
(e.g., NASCO [https://www.enasco.com/page/xen_care]) that provide commercially raised animals with 
a known health status.

With the exception of African clawed frogs (Xenopus spp.) (https://www.enasco.com/page/xen_care 
and http://www.xenopus.com), amphibians are not available from research purpose-bred commercial 
breeding colonies. Bullfrogs (Rana catesbeiana) and other amphibian species may be purchased from 
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pet suppliers, or must be collected from the wild by the investigator, or obtained from other research-
ers, zoos, or agencies, such as the U.S. Fish and Wildlife Service. It is essential to replicate their natural 
environments in order to breed them in a research setting. Unlike domesticated mammals, amphibians 
are wild animals and the husbandry methods used must take this into account (Browne et al. 2007). The 
welfare of the animals must have the highest priority in the design of animal rooms, tanks, and tank 
furnishings.

Fish The most commonly used fish in research is zebrafish (Danio rerio). It is an attractive alterna-
tive to mammalian species for the following reasons: (1) it is less sentient than mammals, (2) it has ease 
of reproduction and fast-growing and developing offspring, (3) it can tolerate higher doses of chemical 
mutagenesis than rodents, (4) transparent embryos and larvae permit noninvasive imaging strategies 
when following genetic manipulation or pharmacological treatment, (5) it offers insights into human 
disease due to functional homology with mammals, and (6) it is easy to replicate the natural environ-
ment of zebrafish, which reduces stress and its impact on experiments. There are a number of websites 
with information on sales, tutorials, and genetics (e.g., http://www.zfic.org/linksindex.html). Zebrafish 
are available from established vendors (e.g., Zebrafish International Resource Center of the University of 
Oregon). Zebrafish embryos are commonly washed with hypochlorite solutions prior to their introduc-
tion into an animal facility to help remove unwanted pathogens.

Birds A large number of avian species are used in laboratory animal science. The range spans many 
domestic species (e.g., chickens, ducks, geese, pigeons, doves, zebra finches, Japanese quail, and para-
keets) and nondomestic species (e.g., crows, sparrows, and hawks) (Fair et al. 2010). Many species of 
birds are obtainable from commercial sources, whereas wild birds are often used solely in field studies. 
Avian models have advanced our understanding of developmental biology, aging, immunology, endocri-
nology, and genetics, as well as other aspects of medicine and science. Many avian species are highly 
social and should be socially housed whenever possible (Hawkins et al. 2003). When birds must be 
brought from the wild and maintained in the laboratory animal facility, they should ideally be housed 
separately from other species and, if possible, provided with conditions that approximate their natural 
habitat (Hawkins 2001). Along with temperature and humidity, consideration should be given to the 
type of food, perches, and cover provided, as well as the manner in which water is offered (NRC 1977). 
Both domestic and wild birds can be carriers of zoonotic diseases (e.g., chlamydiosis, cryptococcosis, 
histoplasmosis, psittacosis, and salmonellosis), as well as several infectious and parasitic agents that can 
adversely impact other birds (e.g., Newcastle disease, Marek’s disease, and coccidiosis) (Baer et al. 2015; 
Patterson and Fee 2015; Taylor et al. 2016).

Other Considerations The desired health status of acquired animals may vary depending on the short- 
and long-term goals of each project. For instance, the animals needed for an acute project may require 
no or only a basic physical examination and short quarantine period, whereas those for lengthy projects, 
in most cases, require a thorough clinical evaluation and evidence of robust health during a period of 
quarantine. Similarly, the demand for clinical robustness will be much higher for invasive than nonin-
vasive studies.

Acquiring Animals from Commercial Sources

The quality and health status of animals procured from vendors can vary greatly depending on the size 
and experience of the vendor. A program’s first priority should be to maintain its own biosecurity, pro-
tecting against the introduction of unwanted pathogens. Unfortunately, under most circumstances, it is 
neither possible nor cost-effective to test or rederive every animal entering a facility to ensure its health 
status, or to breed all animals in-house. Therefore, a relationship must be established with reputable 
vendors to provide healthy, pathogen-defined animals.

An ideal start to procuring any animal is to find out which vendors can meet the program’s require-
ments by talking to the animal facility veterinarian, manager, or other investigators with animals in 
the same facility. Additional sources of information include the materials and methods sections of 
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published research similar to that being conducted in your program, laboratory animal association pub-
lications, and websites such as the AALAS Laboratory Animal Science Buyers Guide (http://laboratory 
animalsciencebuyersguide.com/) or the LabAnimal® Europe and Asia Pacific Buyers Guides (http://
www.labanimaleurope.eu/buyers_guide/), as well as regional repositories. Many large vendors post their 
current health status online via their websites. Once potential vendors have been identified, inviting them 
to present a seminar on their company’s products and services, including their health surveillance pro-
gram and quality assurance guarantees, can be helpful. In some situations, conducting a site visit to the 
vendor’s production facility may also be beneficial.

When establishing a long-term commitment with a vendor, developing a contract detailing the rela-
tionship between both parties should be considered. A contract can be used to detail a program’s require-
ment for availability of specific products, custom-designed surveillance panels, shipping specifications, 
product returns, reimbursements, and replacements. In addition, a contract can be used to detail the 
vendor’s responsibility to notify the program in a timely manner of any change in the health status of 
animals in its facility.

Acquiring Animals from Noncommercial Sources

With the advent of transgenic technology, it has become commonplace to acquire animals from noncom-
mercial sources, such as universities or other research institutions. Noncommercial sources can vary 
widely in their health status and surveillance programs (Pritchett-Corning et al. 2009). When procuring 
animals from noncommercial sources, an assessment must be made of the risk they pose to the procuring 
program and how the program can mitigate that risk. It is helpful to ascertain the current and past health 
status history of each source. At a minimum, source colony information should include an overview 
of their husbandry program, use of PPE, disease barriers (e.g., use of microisolator caging and BSCs), 
colony health surveillance program, policies for the introduction of new animals, and colony pathogen 
history. It is not uncommon to request that the shipping facility provide a year’s worth of relevant health 
surveillance testing data prior to approval of the animals for shipping. Regardless of the shipping colo-
nies’ current health status or history, some very clean facilities may require that all mice and rats com-
ing from noncommercial sources be rederived into the facility using embryo rederivation techniques. 
Alternatively, other programs have a strict quarantine and testing policy to screen animals being received 
from noncommercial sources. Animals obtained from the wild should be quarantined (CDC, African 
Rodent Importation Ban, http://www.cdc.gov/poxvirus/monkeypox/african-ban.html) and thoroughly 
tested for zoonotic diseases, as well as detrimental organisms known to infect closely related species (42 
CFR §71.56; Karesh 2005; Hutson et al. 2015).

Animal Transportation and Stress (Shipping Containers, 
Temperature, Food and Water, Conveyance, and Personnel)

Specific parameters that must be met during transportation to ensure the well-being of a species have 
been set by many countries and the International Air Transport Association (IATA) (Live Animal 
Regulations, http://www.iata.org/publications/store/pages/live-animals-regulation.aspx). Using properly 
equipped, clean vehicles in conjunction with trained and experienced personnel throughout the trans-
portation process is essential. Appropriately sized shipping containers, control of environmental factors 
such as ambient temperature, provision of food and water, in-transit safety precautions, and minimiza-
tion of stressful events are all factors that must be considered when transporting animals in order to 
preserve their health and well-being (NRC 2006). Animals traveling long distances may experience 
fear, anxiety, and metabolic imbalances and require time to recover once they are received (Syversen 
et al. 2008). It is recommended that research institutions adopt policies to protect animals from being 
used immediately upon receipt, without an acclimation period. The lack of an acclimation period may 
confound the data or make many procedures (e.g., anesthesia) unsafe for the animal. For most species, a 
48- to 72-hour minimum acclimation period following transportation is considered good practice (NRC 
2006). However, recent evidence indicates that up to 2 weeks may be needed for some species to recover 
from the stress of transportation (Ochi et al. 2016).
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Animal Receipt, Examination, and Acclimation

Newly arrived animals should be received by trained and experienced personnel in a designated area 
that is protected from extreme heat or cold, sufficiently illuminated, clean, uncluttered, dry, and quiet. 
Animals appearing sick or injured at the time of receipt, as well as animals arriving in damaged shipping 
containers, should be isolated for veterinary assessment prior to entering the colony. Everyone involved 
in the animal receipt process should be notified in a timely fashion and be able to devote adequate time 
and effort to the task of safe and expedient placement of the new animals in their new enclosures. Ideally, 
cage cards and/or animal records should be prepared ahead of time. The enclosures should be supplied 
with water promptly, and when possible, it should be established that new animals are drinking before 
they are placed on an automatic watering system. Feeding animals immediately after receipt is not as 
critical and should be carefully considered. Food consumption should be controlled and monitored to 
avoid GI problems, such as emesis and diarrhea, or other health issues. Animals should be observed for 
a period of time and allowed to adjust to their new environment, especially if they appear anxious or 
aggressive, or are vocalizing.

Some species (e.g., cats, rabbits, and marmosets) and individual animals are sensitive to abrupt changes 
in their diet and may refuse to eat upon receipt, or display signs of GI problems, such as diarrhea or bloat. 
These situations may require knowledge of the originating facility’s diet prior to the arrival of the ani-
mals and a careful program of transition from one diet to another.

Monitoring the Colony Health Status

Once the health status of a colony has been established, routine monitoring is essential to preserve 
that status. A comprehensive monitoring plan may include a variety of measures, such as daily health 
checks, routine physical exams, testing, health surveillance programs, and environmental monitoring. 
Postoperative observations and assessment of unanticipated or abnormal research-related effects and 
outcomes can also provide important indicators that a colony’s health status has been compromised. 
Ideally, an initial response plan to deviations from the chosen health status should be in place before a 
problem occurs.

Daily Health Checks

Daily health checks are a critical way to quickly detect changes in the colony health status. These obser-
vations are mandated in the U.S. AWR (9 CFR §2.40 b.3) and the Guide (NRC 2011), as well as some 
research funding entities in the United States and Europe. The number and timing of health checks will 
depend on the nature of the facility, species, and research being conducted. For example, infectious 
disease research animals may require multiple checks each day at specific intervals, whereas breeding 
colony animals may require less frequent observations with more flexible timing. In some situations, it 
may be advantageous to observe animals when they are most active, immediately prior to, during, and 
after they are fed.

Daily health checks are typically performed by individuals designated by the attending veterinarian 
who are trained and qualified to recognize the normal behavior and appearance of the animals under 
their care and identify abnormalities. Because the animal care specialists observe these animals each 
day, they are uniquely suited to quickly recognize any subtle changes in an animal’s posture, activity 
level, behavior, physical appearance, respiratory patterns, bodily functions, and use of its environment, 
including enrichment items (i.e., untouched favorite treats or decreased nest quality), regardless of the 
species under observation (i.e., birds, fish, amphibians, small mammals, or NHPs). Abnormalities should 
be documented and promptly reported to a veterinarian. It is also beneficial to provide staff with scor-
ing sheets, potential symptoms, phenotypic differences, and pictures of common ailments seen in the 
research setting.

Sufficient time must be allotted for the care staff to conduct a thorough visual health check of each 
animal. This should be done a minimum of once a day, and preferably twice daily. For example, cages 
or fish tanks containing complex enrichment strategies or testing apparatus can complicate the visual 
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assessment of the animals. In these situations, programs may require each cage to be removed from 
the rack daily to ensure visual assessment of all animals, or in the case of aquatics, the tank to be vis-
ible from various angles. Another key time to assess animals is during cage or tank changing. While 
changing cages or tanks, care staff should be attentive to both physical and behavioral signs exhibited 
by animals, regardless of the species, that may indicate the need for further assessment by a veterinary 
technician or technologist or veterinarian. Anomalous findings include, but are not limited to, changes in 
body conformation or physical appearance, guarding of a body part, abnormal respiration, and abnormal 
behavior (e.g., aggression or hiding).

When animals are housed in stacked cages, it may be helpful to equip care staff with flashlights to 
facilitate visualization of the animals housed in the lower cages. The use of binoculars can help visualize 
and assess group-housed animals in both outdoor and indoor facilities.

Postprocedural Observations and Assessment of Protocol-Related Effects

Postoperative observations are not only a way to determine if analgesia and surgical techniques are ade-
quate; they also provide a means of assessing colony health. Changes in health status can be manifested 
through postoperative or postprocedural complications. For example, opportunistic pathogens may only 
become evident after an animal experiences a stressor such as surgery (Carty 2008). Close monitoring 
for abnormalities in respiratory, enteric, integumental, and other systems after surgery can alert staff to 
changes in the colony health status. In a similar fashion, protocol-related procedures and results may 
also point to problems in colony health (Gulani et al. 2016). However, one must distinguish whether 
these protocol-related effects are simply due to study procedures or genotypes, or are due to an unwanted 
pathogen in the colony. For example, weight loss could be a sequela of the experiment or a new pathogen 
in the colony. Abnormal performance in rodent behavioral tests could indicate a response to research 
interventions or new subclinical disease. Adverse anesthetic responses may be related to the protocol but 
could also be due to subclinical respiratory disease. When complications are observed after a surgical or 
other experimental procedure, the veterinarian and scientist should work together to determine whether 
these complications are due to changes in colony health status or to the research procedures involved.

Routine Physical Exams

Findings from recurring complete physical examinations and testing can indicate changes in colony 
health. Regular exams involve monitoring for abnormalities that may not be evident at visual cage- 
or kennel-side observations. Examples of these abnormalities may include decreased body condition, 
masses, enlarged lymph nodes, and periodontal disease, which could indicate the presence of tubercu-
losis, Pasteurella abscesses, shigellosis, or even McHV, in a NHP colony. Routine physicals for larger 
species should be performed no less than annually to determine viral, bacterial, parasitic, hematologi-
cal, dental, and overall health status. The nature of the facility, the required health status, and local or 
national regulations will ultimately determine what tests are performed and how frequently. For smaller 
species (e.g., mice, rats, and fish), individual routine physical examinations are not regularly performed 
unless dictated by the research being conducted.

Testing and Health Surveillance Programs

The Federation of European Laboratory Animal Science Association (FELASA) has issued useful guide-
lines (Weber et al. 1999; Rehbinder et al. 1998, 2000; Voipio et al. 2008; Mähler et al. 2014) for monitor-
ing the health of both large and small animals used in research. For large animals, the recommendations 
generally involve direct testing of research animals. Because the size of rodent colonies and modern 
husbandry techniques typically preclude individual examination and testing, colony surveillance testing 
is an efficient way to screen for many pathogens. If sentinel animals are used and tested for seroconver-
sion, care must be taken to ensure that the animals are immunocompetent, relatively young, and capable 
of mounting immune responses to pathogens (Besselsen et al. 2000; Mähler et al. 2014). Sentinel animals 
are housed within the animal colony and, in most cases, receive dirty bedding from other colony cohorts. 
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In cases where pathogens are not reliably transferred by dirty bedding (Artwohl et al. 1994; Cundiff et al. 
1995; Compton et al. 2004; Perdue et al. 2008; Henderson et al. 2013), sentinels may be cohabitated with 
research animals. Sentinel animals are typically exposed to the colony cohorts for 6–8 weeks to allow 
for exposure, infection, and seroconversion and then tested by a variety of methods. FELASA recom-
mends sentinel testing a minimum of every 3 months. Testing can include serology; polymerase chain 
reaction (PCR) testing of fecal material, hair and anal swabs, or intestinal contents; microscopic fecal 
and tape test examinations; bacterial cultures of a multitude of samples; histology; and gross necropsy. 
As a supplement to sentinel testing, research animals (typically those no longer needed for study) can be 
tested by the same methods to detect those organisms that may not be transferred via dirty bedding or 
that the sentinels may have cleared postexposure (Clarke and Perdue 2004). Alternatively, with investiga-
tor permission, survival testing that uses blood, fecal, and swab samples can be performed. Biological 
samples such as bone marrow and cells may also be tested before use in animals to detect unwanted 
pathogens in the originating colony.

Environmental Monitoring

Testing the animals’ macro- and microenvironments is an alternative or supplementary way to monitor 
colony health. Testing methods should be sensitive, specific, and able to detect a wide range of patho-
gens. Microbiological testing can be accomplished by RODAC™ (Replicate Organism Detection and 
Counting) or ATP-based systems (Ednie et al. 1998). RODAC is inexpensive, uses quick sampling meth-
ods, and offers quantifiable data. However, it only identifies viable aerobic bacteria and fungi that can 
be cultured and will not identify parasites or viral pathogens. This testing also requires several days of 
incubation before results are available. ATP-based systems use bioluminescence to indicate levels of 
ATP in live or dead organic material. These systems are especially useful in detecting and quantifying 
organic material on many substrates (walls, floors, and doors) and assessing the efficacy of sanitation 
practices (Turner et al. 2010). Unfortunately, these systems do not specify what organic material and 
pathogens are present and whether they are alive or dead. In addition, some disinfectants may alter the 
results (Turner et al. 2010). These systems also require that facilities establish their own standards for 
what values are acceptable and what values require action. Setting action cutoff values can be challeng-
ing and may require correlating ATP testing results with RODAC results.

Use of PCR testing to examine housing units, racking systems, supply and exhaust vents, behavioral 
equipment, and other items in the environment is becoming more popular as a way to monitor colony 
health, and incorporating its use into a surveillance program can reduce or eliminate the number of sen-
tinel animals used (Henderson and Clifford 2013; Jensen et al. 2013; Compton and Macy 2015; Manuel et 
al. 2016). Food, water, and bedding can be sampled for pathogens as well (Rice et al. 2013). PCR testing 
is sensitive, relatively inexpensive when compared with purchasing, housing, and caring for sentinel ani-
mals; and available for a large number of organisms. Its exclusive use for health monitoring eliminates 
introducing sentinel animals into closed colonies. In some facilities, PCR testing has replaced rodent 
sentinel testing or is used in conjunction with a reduced sentinel testing program. However, care must 
be taken to ensure that PCR testing plans are appropriate for the type of caging system and filters used 
in the program. Some caging systems have been demonstrated to isolate the organisms to the animal’s 
cage, preventing contamination of and pathogen detection in the rack plenums and ducts (Henderson and 
Clifford 2013; Henderson et al. 2013). Therefore, a PCR testing program must also take into account how 
the pathogen spreads and persists in the environment.

Potential problems with PCR testing are (1) the interpretation of negative results and (2) the potential 
for false-positive results. Failure to collect the sample from the contaminated area of the equipment can 
lead to false-negative results, whereas false positives can be the result of nucleic acids remaining on pre-
viously contaminated equipment or in the environment (Leblanc et al. 2014). Ensuring that contaminated 
equipment and supplies are free of all traces of lingering nucleic acids can also be problematic.

Monitoring temperature, relative humidity, and air pressures for each housing room is important and 
required by some regulations (NRC 2011). This monitoring is critical to health status, as temperature 
and humidity can affect the growth of pathogens, and differential air pressures can affect the integrity of 
the separation of barrier rooms, surgical suites, rooms in which biohazardous agents are being studied, 
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or known dirty areas from other colony rooms. Monitoring can be accomplished at the room level or 
by building automated environmental control systems that alarm when measurements fall outside set 
parameters. In some cases, both types of monitoring are performed to allow for redundancy in the event 
of a system malfunction. The NIH Office of Laboratory Animal Welfare (OLAW) strongly encour-
ages institutions to use electronic technology for environmental monitoring, and the Guide (NRC 2011) 
advises the use of systems with automated alarms.

Response Plan to Health Status Deviations

Appropriate contingency plans should be prepared in advance and be ready to implement when unwanted 
pathogens are detected in a colony. Advance preparations can include cryopreservation of important 
rodent lines, maintaining separation of animal rooms through strict room entry order, adjustment of 
air movement from clean to less clean areas, the use of PPE, and keeping complete records of animal 
movements. Plans for health maintenance and monitoring, as previously discussed in this chapter, will 
also allow for early detection of a pathogen and reduce the likelihood of an outbreak spreading. The 
contingency plan should also include the steps to be taken when the containment barrier is breached, for 
example, when a rodent is found outside of its cage or is accidentally dropped on the floor.

When a positive result is obtained, one must consider (1) the nature of the pathogen, (2) how the 
pathogen is shed, (3) how the pathogen is spread, (4) the sensitivity and specificity of the pathogen 
tests, (5) prevalence of the agent, (6) how seroconversion may complicate test results, (7) how persis-
tent the pathogen is in the environment, and (8) how treatment may affect research results. Responses 
should be aimed at limiting pathogen spread and eradicating the pathogen from the colony (Reuter 
et al. 2011). The first, and most important, step is to isolate the potentially affected animals and 
conduct tests to confirm the previous results. Next, notify the appropriate institutional personnel 
and report the disease and quarantine as required by local and national regulations. Other important 
management practices to consider include changing room entry and access procedures, increasing 
the level of sanitation and PPE, implementing special handling requirements for animals and enclo-
sures, closing the colony to imports and exports, and ceasing breeding in some cases. If the pathogen 
is zoonotic, staff will need to be educated on the risks to their health. It is critical to post signage 
on room or enclosure doors that very clearly describes all of this information and the new required 
management practices.

Responses to outbreaks are dependent on the pathogen and may involve treatment, testing and culling, 
caesarean section, embryo transfer, and cessation of breeding. When treatment is utilized, one may need 
to give consideration to the current research being conducted in the affected area. Consideration should 
also be given as to whether research animals will naturally clear the infection or serve as reservoirs. 
Using diagrams and schematics to track testing and test results can be extremely valuable in managing 
outbreaks.

The time, cost, and energy required to stop an outbreak will vary based on the pathogen and type of 
animals affected. Testing and other necessary responses, such as euthanasia of animals, can tremen-
dously impact the responding staff, both physically and emotionally. Boosting morale and being sensitive 
to personnel fatigue are critical to successfully ending an outbreak. In some cases, research staff may be 
resistant to new management practices during an outbreak, but it is important to inform them of the enor-
mous time, cost, and loss of research data and animals that can occur if outbreaks are not addressed in an 
appropriate and timely manner. If there is the potential that animals from multiple research groups may 
be impacted, it is useful to meet with all groups involved to explain the situation and plan for resolution.

Clinical Care of Animals

Diagnosis and Treatment of Ill Animals

When physical or behavioral abnormalities are observed in research animals, it is important to determine 
whether the animals are experiencing a natural or experimentally induced illness and whether interven-
tion with treatment, monitoring, or euthanasia is appropriate. Diagnostic and treatment approaches and 
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humane and experimental endpoints must be considered when addressing the observed illness. All these 
considerations must be done in the context of balancing animal welfare with research objectives.

Natural or Experimentally Induced Illness?

When routine daily observations detect physical or behavioral abnormalities in a research animal or 
group of animals, prompt reporting to the veterinarian is critical. Unexpected findings should also be 
reported to the scientist, who can provide specifics about the nature and timeline of the research. The 
veterinarian and scientist should work together to determine whether the illness observed is caused by a 
natural process or the research. Ideally, issues resulting from the research (e.g., test compounds, surgical 
procedures, deleterious phenotypes, and infectious agents) should have been described by the scientist in 
the protocol and understood by the veterinarian and animal care staff prior to study initiation.

If the abnormality is related to an unanticipated phenotype, the investigator, in consultation with the 
veterinarian, should determine the importance of the animal and if further characterization is justified. 
This may include routine diagnostics, necropsy and histology, initiating a genotyping or phenotyping 
study (Crawley 2000), or seeking assistance from other researchers who have experience with the model. 
If further characterization is justified, the IACUC should be apprised of the situation and the actions 
being taken to further define the potential new model.

Veterinary Diagnostic Procedures

Veterinary diagnostic procedures include physical examination, serum biochemistry panels, complete 
blood counts, serology, bacterial cultures, urinalysis, cytology, fecal exams, PCR testing of various sam-
ples, radiography, ultrasound, MRI and CT scans, biopsies, endoscopy, exploratory surgery, histology, 
and necropsy. These tests are available for rodents, just as they are for larger species, so one should not 
overlook their value in assessing small animal cases. Many of these tests are available through commer-
cial services, but they can be readily performed within the facility with the proper equipment, personnel 
training, budgets, and space. To the greatest extent possible, the diagnostic test should be chosen with 
consideration of the research goals. For example, sedation for radiographs would be contraindicated just 
before an animal is scheduled to undergo behavioral testing at a critical research time point. The veteri-
narian and scientist should work together to devise a diagnostic plan that meets the needs of the animal 
and the study.

Treatment and Monitoring Approaches

When a diagnosis is made, a plan for treatment, monitoring, or euthanasia will be established by the 
veterinarian and should be made in consultation with the researcher. The decision to treat, observe only, 
or euthanize is complex and is discussed in the next section “To Treat, Monitor, or Euthanize?” (page 
751). If treatment is chosen, there are several approaches to consider. Medications can be provided in the 
drinking water, regular feed, or treats, or through injections, continuous intravenous delivery systems, 
topical applications, or transdermal patches. Supportive care can be in the form of supplemental heat, 
fluids, or oxygen; additional bedding or nesting material; high-calorie and high-value foods or treats; and 
bandaging lesions. The treatment approach should consider whether an individual or multiple animals 
need to be treated, what resources are available for treatment, the nature of the sick animals, and the 
research objectives. For example, if mice in several cages must be treated, labor costs for providing medi-
cated water or feed to multiple cages will be less than injecting each individual mouse needing treatment. 
This is an important factor to consider when staffing is limited. Providing medications through feed or 
water will also result in less stress to the animal than injections. If the nature of an animal is such that 
it refuses to take medications through water, food, or treats, treatment may be limited to oral gavage or 
injectable routes. Research objectives may affect the treatment plan as well. For example, if only two of 
five mice in a cage require treatment, and treatment may interfere with the study, the two sick mice can 
be treated separately from healthy cage mates or removed from the study. Also, if the research requires 
a strict and/or measured diet, oral medications in feed and treats may pose problems to the study and 
necessitate an alternative dosing route.

If the needs of the animal and the research are such that only monitoring can be performed, scoring sys-
tems may be useful in determining when treatment or euthanasia will be initiated (Langford et al. 2010; 
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Bekkevold et al. 2013; Nunamaker et al. 2013). Scoring systems provide an objective way to determine 
when endpoints have been met and/or interventions are necessary. A standard scoring system lists abnor-
mal signs that can be observed and then asks the observer to state whether a specific abnormal finding is 
present or absent (Figure 31.1). Scoring systems may also involve rating abnormalities using a numerical 
scale or based on qualitative observations. For example, arthritis in mice can be scored using millimeters 
of paw swelling or using subjective numbers to indicate increasing degrees of lameness, swelling, and 

QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No

EAE scoring
0–No abnormality
1–A floppy tail with mild hind limb weakness
2–A floppy tail with moderate hind limb weakness
3–Hind leg paresis, but not complete paralysis and eventually mild forelimb weakness
4–Total paralysis of hind legs, which may be associated with moderate forelimb weakness
5–Quadriplegia or pre-moribund state

*    If an animal’s clinical status reaches grade 4, notify vet immediately for recommendations.
**  TX confirmed = food supplements and long sipper tube present.
*** Body condition and pain score system from health evaluation of experimental laboratory mice.

QAR = quiet, alert, and responsive
BAR = bright, alert, and responsive

Date started: Protocol: PI/User: Cage #: 

Date Time

ID # Activity
Pain

score***
TX

confirmed** Initials Comments
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No

Date Time
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No

Date Time
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No

Date Time
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No

Date Time
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No

Date Time
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Yes No

Date Time

EAE score*
Body

condition***

FIGURE 31.1 EAE score sheet. (Adapted from Division of Veterinary Resources, National Institutes of Health.)
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erythema. When a single number, tally of numbers, or a certain qualitative criterion reaches a pre-
determined score, interventions with treatment, removal from the study, or euthanasia will occur. 
Scoring sheets can also list humane and experimental endpoints, provide documentation of supportive 
care, and provide a means to evaluate complications and general health of the animals on the study. 
Scoring sheets should be created prior to study initiation and be specific to the study and the species. 
The scoring criteria should be adapted as the study progresses to incorporate unforeseen develop-
ments. Scoring sheets should be available and readily retrievable for all staff involved in the care of 
the animals being scored.

Two sample scoring and monitoring sheets are provided in Figures 31.1 and 31.2. Figure 31.1 
includes the experimental autoimmune encephalomyelitis (EAE) scoring system that rates the degree 
of the disorder on a graded scale from 0 (no abnormality) to 5 (quadriplegia or premoribund state). 
Figure 31.2 includes an induced arthritis scoring system that rates the degree of abnormality of each 
paw from 1 (no erythema or swelling) to 4 (erythema and severe swelling encompassing the foot 
and digits). The scores for each paw are then added for a total arthritis score. Both sheets prompt 
the observer to indicate several things: (1) whether a mouse is bright, alert, and responsive (BAR) or 
quiet, alert, and responsive (QAR); (2) the score for a given mouse according to the scoring system; 
(3) the body condition score (Burkholder et al. 2012); (4) the pain score (Burkholder et al. 2012); and 
(5) whether supportive care treatments, such as food supplements and longer sipper tubes, are pres-
ent in the cage. The sheets also require observer initials, provide space for any important additional 
observations, and provide other important instructions (e.g., notify the veterinarian immediately if a 
mouse reaches an EAE score of 4).

To Treat, Monitor, or Euthanize?

The decision to treat, monitor only, or euthanize is complex and necessitates good communication 
between veterinarians and scientists. A complete understanding by both parties of the research objec-
tives, the species involved, the severity and prognosis of the illness, and required IACUC-established 
humane and experimental endpoints, along with sound professional veterinary and scientific judgment, 
will facilitate the decision. In addition, the scientist should describe in the protocol any limitations on the 
veterinary interventions that can be provided to the animals due to  adverse effects on the research being 
conducted (e.g., use of steroids). Monitoring may be chosen when treatment would interfere with the 
study and the clinical condition is mild and has a favorable prognosis. If the condition is more significant 
and the prognosis less favorable, it may be best to treat or euthanize the animal before data is lost due to 
unexpected death. Euthanasia and final sample collection may be the optimal choice if treatment negates 
the ability to obtain scientifically useful data from the animal. Ideally, preestablished humane endpoints 
and intervention contraindications outlined in the study design are detailed enough to direct decisions 
about treatment, monitoring, or euthanasia. While the veterinarian and researcher should collaborate on 
decisions about whether to treat, monitor, or euthanize, the final decision in critical cases is that of the 
attending veterinarian.

Humane and Experimental Endpoints

Humane and experimental endpoints are vital to managing animal welfare while concurrently meeting 
research objectives (Demers et al. 2006). Experimental endpoints are those that relate to the timing of 
the study and are typically dictated solely by the science behind the research. An example of an experi-
mental endpoint would be to terminally collect tissues from mice 4 weeks after administration of a test 
drug. Humane endpoints are those that determine when animals will be relieved of pain or distress by 
being taken off study, treated, or euthanized. These humane endpoints minimize pain and distress to 
the greatest extent possible without compromising the goals of the study. Ideally, humane endpoints are 
devised in such a way that the study ends before an animal experiences pain or distress, and also at a time 
when valuable research data can still be collected. Humane endpoints can be qualitative (unkempt coat, 
poor response to stimuli, hunched posture, or dyspnea) or quantitative (low body temperature, weight 
loss, decreased food or water consumption, or predetermined biomarker values) (Toth 1997). Because 
humane endpoints balance the needs of the animals as well as the research, they can be challenging 
to establish. Some useful references regarding endpoints include those created by the Organisation for 
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Economic Co-operation and Development (2000), the Canadian Council on Animal Care (1998), and 
the National Research Council (2000). Establishing humane endpoints requires collaboration between 
veterinarians, scientists, and compliance bodies, such as the IACUC (Stokes 2000; NRC 2011, pp. 27). 
This must be done prior to initiating a study, although humane endpoints may need to be adjusted during 
the course of a study.

If the expected outcomes are unknown and humane endpoints cannot adequately be determined prior 
to study initiation, a pilot study should be performed in a small number of animals, ideally under the 

ID # Activity
Total arthritis

score*
Body

condition***
TX (arthritis
score >8)** Initials Comments

QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No

Date started: Protocol: PI/User: Cage #:  

Date Time

QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No

Date Time

QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No

Date Time

QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No

Date Time

QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No

Date Time

QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No

Date Time

Date Time
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No
QAR BAR 1 2 3 4 5 1 2 3 4 Yes No

Arthritis scoring
1: No evidence of erythema and swelling
2: Erythema and mild swelling confined to the mid-foot (tarsals) or ankle joint
3: Erythema and mild swelling extending from the ankle to the mid-foot
4: Erythema and severe swelling encompass the ankle, foot, and digits

*    Note: the total score is range from 0 to 16, i.e., score 0–4 per paw for four paws.
**   TX = food supplements present if mice have arthritis score >8.
*** Body condition and pain score system from health evaluation of experimental laboratory mice.

QAR = quiet, alert, and responsive
BAR = bright, alert, and responsive

Pain
score***

FIGURE 31.2 Arthritis score sheet. (Adapted from Division of Veterinary Resources, National Institutes of Health.)
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veterinarian’s supervision. Pilot studies can determine the earliest predictive signs of adverse study 
effects and/or impending death. Information collected from pilot studies will allow the development 
of endpoints that avoid causing more pain or distress than necessary to the animals, while meeting the 
research objectives. Pilot studies can also be a useful tool for training staff to accurately understand, 
anticipate, and detect the protocol-defined humane endpoints. Although animals should always be moni-
tored for the presence of unanticipated adverse effects, this is especially true when conducting pilot stud-
ies. When observed, adverse effects should be reported to the veterinarian, investigator, and IACUC.

Once humane endpoints have been established, the lines of authority and communication regarding ani-
mal well-being must be clearly defined. It is critical to determine who will be responsible for observations, 
the timing and frequency of observations, and how to properly document and follow up on findings. Close 
monitoring of the animals will be necessary to ensure that the endpoints are correctly implemented and no 
further refinements are needed. Animals that are being monitored for humane endpoints need to be clearly 
identified. Personnel performing the monitoring must be trained to recognize pain and distress in the spe-
cies and understand the research procedures and expected outcomes. Observations may need to be more 
frequent than usual (e.g., every 4–6 hours), rather than once each day, and should be timed to have the 
maximum value (when animals are most likely to reach a humane endpoint). As often as possible, studies 
should be scheduled so that this timing of critical observations occurs during normal work hours. Animals 
should be observed first at a distance with minimal disruption, followed by assessing their responsiveness 
to stimuli and direct handling. Data for an endpoint assessment can be obtained by telemetry, activity 
monitors, video recordings, or other methods that are not disruptive to the animals.

After humane endpoints have been determined and put into practice, there may be instances where it 
is difficult to determine whether an animal has reached a defined humane endpoint. In this case, the vet-
erinarian and researcher should work collaboratively to come to a consensus. If an agreement cannot be 
reached, the attending veterinarian has the final decision as to the animal’s disposition (9 CFR §2.33 a.2).

Animal Welfare Considerations

It can be challenging to balance the welfare of research animals with study objectives. This is espe-
cially true when making the decision to treat, monitor, or euthanize and when defining and adhering to 
endpoints. If the research or animal care staff have any animal welfare concerns during a study, there 
should be multiple mechanisms in place to report their concerns without fear of reprisal. A safe report-
ing mechanism allows veterinarians, scientists, managers, and compliance bodies to discuss and address 
issues as they arise. Addressing issues early helps the laboratory animal medicine and scientific commu-
nity to uphold the three Rs (replacement, reduction, and refinement) (Russell and Burch 1959) of animal 
research and meet regulatory requirements. Discussion and resolution of issues can result in refined 
endpoints, reduced pain and distress, use of fewer and/or healthier animals, and better-quality science.

Normal versus Abnormal Behavior

The only way to be able to recognize “abnormal” behavior is to devote time to learning normal behavior 
patterns to use as a point of reference (Arnold et al. 2011; Rock et al. 2014). Animal behavior is a set of 
functions that reflect the animal’s response to all environmental factors and challenges. These behaviors 
include food and shelter and mate seeking, as well as nest-making activities and performing complex 
tasks, such as operating equipment and using tools by NHPs. Every individual working with animals 
should spend time studying a species’ normal behavior in different situations—resting, feeding, interact-
ing with conspecifics and humans, posturing, and responding to easy and difficult challenges. A careful 
student of behavior will notice that most behaviors displayed in nonstressful situations follow certain pat-
terns. Learning these patterns is very useful for interpreting animal health and well-being. Knowledge 
of behaviors displayed in response to stressful situations is also very useful for providing insights into an 
animal’s mental state, which can help with choosing the best animal for a needed task (e.g., an aggressive 
or anxious animal may not be the best candidate for a task that requires a confident and calm animal).

Pain versus Distress

Pain results from potential or actual tissue damage. Pain can be considered a potent source of stress, that 
is, a stressor in and of itself, that can lead to distress and maladaptive behaviors (NRC 2009a). Distress 
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is an aversive state in which an animal is unable to adapt completely to stressors and the resulting stress, 
leading to maladaptive behaviors, such as abnormal feeding, absence or diminution of postprandial 
grooming, inappropriate social interaction with conspecifics or handlers, and inefficient reproduction 
(NRC 2009a).

Recognition and Assessment of Pain and Distress

The nervous system processes the sensory features of tissue-damaging stimuli, such as damage quality, 
intensity, location, and duration. What is perceived results in behavioral and physiologic responses that 
are under the influence of emotional, motivational, and cognitive processes (NRC 2009a). Stress and 
distress are complex syndromes that are difficult to define and even harder to interpret and recognize 
(Wright et al. 1985). If an animal is in pain, it might also be in distress, and vice versa.

Score Sheets and Training

Biomedical research puts much emphasis on using objective parameters to avoid misinterpretation of the 
data. A set of data collected by one researcher can be interpreted differently by another researcher who is 
not as familiar with the data, science, or subject animals. If the animal is performing behavioral tasks that 
are critical in the research project, it is paramount that the animal’s training be done in a comprehensive 
and logical fashion that is transparent for all research team members and leaves no room for speculations. 
The training should be designed in such a way that it incorporates the individual traits of the animal.

As discussed earlier in this chapter, score sheets and scoring scales can be useful tools when evaluat-
ing an animal’s well-being in a nonsubjective manner, as well as when training individuals to recognize 
abnormalities. Our ability to recognize an animal experiencing pain or distress and assess its severity 
is the first step toward prevention and treatment of the problem. Recent work has demonstrated that 
the facial expressions of mice, rats, and rabbits can provide a rapid and reliable means of assessing the 
presence and severity of pain (https://www.nc3rs.org.uk/grimacescales). “Grimace scales” that equate 
facial changes related to narrowing of the animal’s eyes and position of the whiskers and ears have been 
demonstrated to be reliable indicators of both the presence of pain and its intensity.

Species-Specific Signs of Pain or Distress

The identification of pain and distress in animals is a challenging task (NRC 2009a). Because verbal 
feedback is not an option, veterinarians and researchers must rely on their experience, understanding, 
and ability to detect species-specific signs of pain or distress. Critical to the assessment of pain or dis-
tress is the ability to distinguish between normal and abnormal animal behavior. This is especially true 
when dealing with a species that often exhibits pain and distress with only subtle behavioral changes. 
Animals must be monitored by trained individuals throughout a study for pain and distress as appropri-
ate for the species, conditions, and procedures. Therefore, it is critical that the individuals assessing an 
animal be trained in the species’ specific signs of pain and distress, as well as the potential outcomes of 
the research manipulations. As discussed earlier in this chapter, pain and distress scoring is one method 
to convert subjective animal observations into an objective system, which some have found to be helpful 
in assessing animal behavior.

Rodents Ailing rats and mice most commonly show decreased motor and nest-building activity, pilo-
erection, and an ungroomed appearance, but may exhibit other signs as outlined in Table 31.1 (Kohn et 
al. 2007). Although decreased food and water consumption is commonly associated with pain or distress 
in other species, these parameters are challenging to monitor in rodents. Also, changes in body weight 
are not sensitive enough to be used as an indicator of acute pain or distress (NRC 2009a).

Cavies Guinea pigs in pain usually remain quiet (as opposed to stampeding and squealing when fright-
ened but pain-free) (Kohn et al. 2007; Shomer et al. 2015). They also display behaviors similar to those 
of other rodents, such as rats and mice.

Rabbits Rabbits in pain can appear apprehensive, anxious, dull, or inactive and assume a hunched 
appearance, attempt to hide, and squeal or cry. When experiencing acute pain, they may show aggressive 
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behavior with increased activity, excessive scratching and licking, and exaggerated reactions to handling. 
With abdominal or muscular pain, they sometimes grind their teeth and salivate excessively, in addition 
to displaying increased respiratory rate and inappetence. Rabbits in distress might cannibalize their 
young and tend to be more susceptible to the “tonic immobility reflex” (aka immobility reflex, animal 
hypnosis, tonic immobility, playing possum, mesmerism, and dead faint). This reflexive behavior is con-
sidered to be a mechanism of defense against predators, as it renders the animal less sensitive to pain. It 
abolishes voluntary motor activity. Spinal reflexes are suppressed, but not abolished. In rabbits, the most 
susceptible species, fine muscle tremors can occur initially or be induced by stimulation of the patel-
lar tendon reflex. Fully immobilized rabbits exhibit pronounced catalepsy with reduced muscle tone. 
Additional signs of possible pain or distress are outlined in Table 31.1 (Kohn et al. 2007).

Cats A general lack of well-being is an important indication of pain in cats (Robertson 2005; Epstein 
et al. 2015). They may be quiet and show an apprehensive facial expression, with the forehead appear-
ing creased. They might not have an appetite and may cry, yowl, growl, or hiss if approached or made 
to move. The cat’s posture becomes stiff and abnormal, and it tends to hide or separate itself from other 
cats. If the pain is located in the head or ears, the cat might tilt its head toward the affected side. When 
the pain is only thoracic, the head, neck, and body might be extended, while a cat with generalized pain 
in both the thorax and abdomen might be crouched or hunched. A cat with abdominal or back pain 
might stand or lie on its side with its back arched or walk with a stilted gait. Pain in one limb is usually 
manifested by limping or holding up of the affected limb, with no attempt to use it. Incessant licking is 
sometimes associated with localized pain or psychological distress. Cats in severe or chronic pain look 
ungroomed and behave markedly different from normal (NRC 2009a).

Dogs Dogs in pain generally appear less alert and quieter than normal and may demonstrate stiff 
body movements and an unwillingness to move. A dog in severe pain might lie completely still while 

TABLE 31.1

Potential Signs Associated with Pain or Distress in Rats, Mice, and Rabbits

Potential Signs Mice Rats Rabbits

Decreased food and water consumption X X X

Weight loss X X X

Self-imposed isolation/hiding X X X

Self-mutilation, gnawing at limbs X X X

Rapid breathing X X X

Opened-mouth breathing X X X

Abdominal breathing X X X

Grinding teeth  X X

Biting/growling/aggression  X X

Increased/decreased movement X X X

Unkempt appearance (erected, matted, or dull hair coat) X X X

Abnormal posture/positioning (e.g., head pressing and hunched back) X X X

Restless sleep   X

Tearing (including porphyria), lack of blinking reflex  X X

Dilated pupils   X

Muscle rigidity, lack of muscle tone X X X

Dehydration/skin tenting/sunken eyes X X X

Twitching, trembling, tremor X X X

Vocalization (rare) X X X

Redness or swelling around surgical site X X X

Increased salivation X X X

Source: Kohn, D. F. et al., J. Am. Assoc. Lab. Anim. Sci., 46, 97–108, 2007.
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watchful, or adopt an abnormal posture to minimize its discomfort. With less severe pain, dogs can 
appear restless and more alert, but have a loss of appetite, shivering, and increased respiration with 
panting. Spontaneous barking is unlikely. Instead, they are more likely to whimper or howl, especially 
if unattended, and might growl without apparent provocation. When handled, dogs can bite, scratch, or 
guard painful regions and be abnormally apprehensive or aggressive (NRC 2009a; Epstein et al. 2015).

Ferrets Behavioral changes are often the best indication of a ferret’s well-being. These changes can 
include the display of unusual aggression toward other animals or their handlers, as well as hiding. 
Ferrets in pain often become lethargic and stop bodily grooming, resulting in a disheveled look. Ferrets 
rarely vocalize when they are in pain or distress, and specific signs are largely dependent on the indi-
vidual animal. Animals in pain or distress can display a loss of appetite, stop drinking, and experience 
weight loss (Hillyer and Queensberry 1997). Additional potential signs of pain or distress may include 
(1) drooped or laid-back ears; (2) closed or squinty eyes; (3) clicking, grating, or grinding of the teeth; 
(4)  drooling, salivating, or slobbering; (5) hesitant, immobile, or slow movements; (6) guarded, non-
curled, or tense movements; (7) trembling; (8) crying or whimpering; and (9) guarding, avoiding, or 
withdrawing from touch.

Nonhuman Primates (New and Old World) NHPs show remarkably little reaction to surgical proce-
dures or injury (NRC 1998). Some animals can hide pain and may look well until they are gravely ill or 
in severe pain. A NHP that appears sick should get immediate assessment and possible intervention. A 
NHP in pain has a general appearance of misery and dejection. It might huddle in a crouched posture 
with its arms across its chest and its head forward with a grimace and glassy eyes. Acute abdominal pain 
can be shown by facial contortions, clenching of teeth, restlessness, and shaking accompanied by grunts 
and moans, with food and water usually refused. A monkey in pain can also attract altered attention from 
its cage mates, ranging from a lack of social grooming to attack (NRC 2009a).

Sheep and Goats Sheep and goats may appear dull and depressed, hold their heads low, and show little 
interest in their surroundings or eating. On handling, they might react violently or adopt a rigid posture 
designed to immobilize the painful region, combined with grunting and grinding of teeth. Localized 
pain may result in persistent licking and kicking at the offending area and, when the pain is severe, vocal-
izing. Sheep can tolerate severe injury without overt signs of pain or distress, although abnormal changes 
in posture and a reluctance to move are often apparent. Goats are more likely to vocalize in response to 
pain. After castration or tail docking, lambs may show signs of pain by standing and lying repeatedly, 
wagging their tails, occasionally bleating, and displaying neck extension, dorsal lip curling, kicking, roll-
ing, and hyperventilation (NRC 2009a; Underwood et al. 2015).

Swine Swine normally squeal and attempt to escape when handled, and pain can accentuate these 
reactions. When in pain, swine often show changes in social behavior, gait, and posture and, when 
bedding material is present, will refrain from making a bed. Adults typically become more aggres-
sive. Squealing is characteristic when painful areas are palpated. When in severe pain, swine are often 
unwilling to move and might hide in bedding (NRC 2009a; Underwood et al. 2014). As swine generally 
have good appetites, any individuals who go off feed should be assessed for potential signs of pain or 
illness.

Fish Fish respond to pain differently than mammals. They exhibit a pronounced initial response to 
injuries or to contact with irritants, but their response to chronic stimuli might be small or absent. Fish 
with severe wounds, which would cause immobility in a mammal, often appear to behave normally 
and even resume feeding. Fish react to noxious stimuli, such as puncture with a hypodermic needle, 
with strong muscular movements. When exposed to a noxious environment, such as an acidic solution, 
they show abnormal swimming behavior and attempt to jump out of the water, their coloring becomes 
darker, and their opercular movements become more rapid. Such effects indicate some, perhaps consid-
erable, distress, but it is not possible to describe the distress unequivocally as pain induced (NRC 2009a; 
Sneddon 2009; Smith 2014).
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Birds Birds in pain can show escape reactions, vocalization, and excessive movement (Machin 2005). 
Small species struggle less and emit fewer distress calls than large species. Head movements increase in 
extent and frequency, and there can be an increase in heart and respiratory rates. Prolonged pain results 
in loss of appetite, inactivity, and a drooping, miserable appearance, with the eyes held partially closed, 
the wings held flat against the body, and the neck retracted. When a sick bird is handled, its escape 
reaction is often replaced by tonic immobility (see the “Rabbits” section above). Birds with limb pain 
avoid use of the affected limb and “guard” it from extension (NRC 2009a). Like swine, birds generally 
have good appetites, and any changes from the expected consumption of food should be investigated 
immediately.

Amphibians Acute pain in amphibians can be characterized by flinching and muscle contractions. There 
might be aversive movements away from the unpleasant stimulus and attempts to bite. More chronic and 
persistent pain might be associated with anorexia, lethargy, and weight loss, although a direct and specific 
association of any of these signs with pain may be sometimes challenging (NRC 2009a).

Category E Studies: Unrelieved Pain or Distress

The Guide states that the IACUC should consider the use of appropriate sedation, analgesia, and anes-
thesia for animals (NRC 2011) expected to experience pain or distress during research manipulations. 
The AWR (paragraph §2.36 b.7) specifically require painful procedures, for which such drugs cannot be 
used, to be placed in Column E of the Animal and Plant Health Inspection Service/Animal Care (APHIS/
AC) annual report (AWR). Placement of study animals in the Column E category must be scientifi-
cally justified and can only be approved after careful consideration by the IACUC. Committee review 
must include a careful examination of the requested animal numbers with emphasis on an investigator-
provided extensive search for alternatives. A smaller pilot study to harvest preliminary data may be 
stipulated and include oversight by a veterinarian.

Prevention and Treatment of Pain

Prevention and relief of pain and distress in animals is humane and essential in biomedical research. 
The IACUC has the responsibility for ensuring that all animals under their oversight are used humanely 
and in accordance with a number of federal regulations and policies (NRC 2011; AWR 9 CFR §2.31 
d.1.i). The principal investigator (PI) and the IACUC must fully understand their legal requirements to 
establish both appropriate endpoints and expectable methodologies for relieving pain and distress. The 
individuals responsible for monitoring the animals for pain and distress must be identified and trained.

The obligation to reduce pain and distress starts with the submission, review, and approval of an ani-
mal study proposal, but does not end there. Animals must be continually monitored for pain, distress, 
illness, morbidity, and/or mortality during the course of a research study. If unexpected pain or distress 
is observed, and is more than an isolated incident, the PI must submit an amendment delineating the 
unexpected problem and stating his or her proposed resolution to the issue. Alternatively, as previously 
stated, the PI could justify the need for unrelieved pain or distress in the amendment or, in the case of 
regulated species, submit a Category E justification (USDA Animal Care Policy 11, https://www.aphis 
.usda.gov/animal_welfare/downloads/Animal%20Care%20Policy%20Manual.pdf).

Whenever more than transient pain or distress is anticipated, measures should be taken to minimize or 
prevent the development of pain and/or distress (Mench and Blatchford 2014). Following any interven-
tion strategy, the animals must be closely monitored to ensure the effectiveness of the measures taken 
and determine if or when additional treatment will be necessary. The extent and frequency of monitor-
ing will depend on the level of postsurgical/procedural pain and/or distress anticipated and the chosen 
intervention strategy.

Intervention strategies for the management of pain and distress may include the use of both pharma-
cological and nonpharmacological approaches. Nonpharmacological strategies may include, but are not 
limited to, (1) modified housing and husbandry practices, (2) dietary modifications and supplements, 
(3) surgical approaches, (4) desensitization and acclimation strategies, (5) acupuncture, and (6) eutha-
nasia under the right circumstances (e.g., https://www.primatevets.org/Content/files/Public/education 
/NHP_Endpoint_Guidelines.pdf). The chosen strategy will vary with the species, the procedures being 
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performed, the duration of action needed, the route of administration preferred, the degree and type of 
analgesia required, and the research being conducted (Table 31.2) (ACLAM 2006; http://oacu.od.nih.gov 
/ARAC/documents/Pain_and_Distress.pdf).

When administering pharmaceuticals, it is important to understand the pharmacokinetics and dura-
tion of action of the drugs used to alleviate pain or distress. The pharmacokinetics of an agent must be 
taken into consideration when designing a strategy to monitor the effectiveness of the drug intervention. 
The strategy should include a plan to carefully monitor the animal during the period when the effective-
ness of the agent is starting to wane, to determine if additional treatment is required. Resources (Fish et 
al. 2008; NRC 2009a) and formularies (Hawk et al. 2005; Carpenter 2012) are available today that pro-
vide extensive information on the recognition and alleviation of pain and distress in laboratory animals.

The documentation of monitoring of the animal for pain and distress is important. The identification 
of cages containing animals where a potentially painful or distressful procedure has been performed can 
prove helpful in drawing special attention to the animal during the caretaker’s daily health check. A “spe-
cial observation” cage card works well for this. Cages containing animals requiring more intensive moni-
toring should also be appropriately identified and their monitoring and/or treatments documented at either 
the room, cage, or animal level (e.g., room log, cage card, or medical record). This is in addition to the 
investigator’s notations in his or her laboratory notebook. It is important that the documentation be avail-
able to all personnel monitoring the cage or animal (e.g., IACUC, veterinarians, and animal care staff).

Anesthetics, Analgesics, Tranquilizers, and Sedatives

Anesthesia is a reversible process for the purpose of producing a convenient, safe, and inexpensive 
means of restraint so that clinical or experimental procedures may be conducted with a minimum of 

TABLE 31.2

Postprocedural Pain Potentiala

Minimal to Mild Painb Mild to Moderate Painc Moderate to Severe Paind

Catheter implantation Minor laparotomy incisions Major laparotomy/organ incision

Tail clipping Thyroidectomy Thoracotomy

Ear notching Orchidectomy Heterotopic organ transplantation

Subcutaneous transponder placement C-section Vertebral procedures

Superficial tumor implantation Hypophysectomy Burn procedures

Orbital sinus venotomy Thymectomy Trauma models

Rodent embryo transfer Embryo transfer in nonrodents Orthopedic procedures

Multiple injections Bone marrow collection

Noncorneal ocular procedures Corneal procedures

Intracerebral electrode implantation

Vasectomy

Vascular access port implantation

Craniotomy (periosteal pain)

Superficial lymphadenectomy

Source: Adapted from ACLAM (American College of Laboratory Animal Medicine), Guidelines for the assessment and 
management of pain in rodents and rabbits, ACLAM, Chester, NH, 2006.

a The analgesia and monitoring required may vary due to a number of factors, such as the invasiveness of the procedure, 
degree of tissue trauma, surgical time, skill of the surgeon, and tissues or organs involved.

b Postprocedural pain relief for minimal to mild pain may be adequately addressed with preemptive analgesia, tissue infiltra-
tion with a long-acting local anesthetic, or a single dose of a long-acting nonsteroidal anti-inflammatory drug (NSAID) or 
mixed opioid agonist–antagonist, or other agent.

c Postprocedural pain relief for mild to moderate pain may be adequately addressed with tissue infiltration with a long-acting 
local anesthetic combined with one or more doses of a long-acting NSAID and/or an opioid or other agent, in addition to 
preemptive analgesic administration.

d Postprocedural pain relief for moderate to severe pain should encompass multimodal analgesia (e.g., combining a pure 
opioid agonist with a NSAID or tissue infiltration with a long-acting local anesthetic).
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pain, discomfort, distress, or toxic side effects to the patient or subject. The goal of anesthesia is to 
preserve normal physiologic function without confounding the experimental protocol under consid-
eration. The Animal Welfare Act (9 CFR 2143 a.3) requires that anesthetic, analgesic, and tranquil-
izing drugs be utilized in accordance with currently accepted veterinary practice and produce in the 
individual subject a level of anesthesia, analgesia, or tranquilization appropriate for the design of the 
experiment. The use of anesthetics, analgesics, and tranquilizers in laboratory animals is necessary 
for humane and scientific reasons. The choice and use of the most appropriate drugs are matters for the 
attending veterinarian and professional veterinary judgment. The veterinarian must provide research 
personnel with guidelines, training, and advice concerning the choice and use of these drugs. If a pro-
cedure is likely to cause more than momentary pain or discomfort to the subject animal, but the use 
of anesthetics, analgesics, or tranquilizing agents would defeat the purpose of the procedure, a written 
justification of a Category E listing for unrelieved pain or distress must be submitted and approved by 
the IACUC.

The following are common terms related to the use of anesthetics, sedation, and tranquilization:

• Anesthesia: A state of controllable, reversible insensibility in which sensory perceptions and 
motor responses are both markedly depressed. A total loss of sensation in the whole body or 
one of its parts occurs.

• General anesthesia: Loss of consciousness in addition to loss of sensation. Ideally, general 
anesthesia includes hypnosis or narcosis, hyporeflexia, and analgesia.

• Balanced anesthesia: Surgical anesthesia produced by a combination of two or more drugs or 
anesthetic techniques each contributing its own pharmacological effects. Balanced anesthesia 
is characterized by unconsciousness, analgesia, and muscular relaxation.

• Dissociative anesthesia: A central nervous system (CNS) state characterized by catalepsy, pro-
found peripheral analgesia, and altered consciousness produced by the cyclohexamine drugs 
(e.g., ketamine).

• Tranquilization (neurolepsis or ataraxia): A state of tranquilization and calmness in which the 
subject is relaxed, awake, and unconcerned with its surroundings. Tranquilizers act by suppres-
sion of the hypothalamus and reticular activating system.

• Sedation: A mild degree of CNS depression in which the subject is awake but calm. The subject 
can be aroused. Action is by a dose-dependent depression of the cerebral cortex.

• Hypnosis: Artificially induced sleep or a trance resembling sleep from which the subject can 
be aroused by stimuli.

• Narcosis: Drug-induced sedation in which the subject is oblivious to pain, with or without 
hypnosis.

• Analgesia: Loss of sensitivity to pain.

• Neuroleptanalgesia: Hypnosis and analgesia produced by a combination of a neuroleptic drug 
and an analgesic drug.

• Catalepsy: A state in which there is a malleable rigidity of limbs, which, if the limbs are placed 
in various positions, is maintained for a time. The subject is generally unresponsive to audio, 
visual, or minor pain stimuli.

It is beyond the scope of this chapter to discuss the wide range of agents available to the veterinarian 
for anesthesia. Many excellent references are available on the selection and use of anesthetics, seda-
tives, and tranquilizers in laboratory animal medicine and general veterinary practice (Fish et al. 2008; 
Gaynor and Muir 2014; Grimm et al. 2015).

The selection of the most appropriate agents and techniques are dependent on

 1. Duration of and type of operation or procedure

 2. Species, breed, age, and relative size of the subject

 3. Physical status of the subject and concurrent medication or treatments



762 Management of Animal Care and Use Programs in Research, Education, and Testing

 4. Disposition or demeanor of the animal

 5. Presence of concurrent pain or distress

 6. Type of facilities and help available, including level of experience and training

 7. Personal knowledge, experience, and familiarity with available agents and equipment

In general, all anesthetics cause a dose-dependent depression of consciousness, as well as a depression 
of normal physiological homeostasis (e.g., heart rate, respiration, blood pressure, and thermoregulatory 
centers) (Brunson 2008; Meyer and Fish 2008). In balanced anesthesia, various drugs are administered 
together that synergize each other, yielding the desired outcome at lower doses than would be possible 
with the administration of the single drugs alone. At lower doses, most drugs are safer and demonstrate 
fewer adverse effects.

All general anesthetics induce predictable stages of dose-dependent anesthesia: (1) voluntary move-
ment or excitement, (2) involuntary excitement, (3) surgical anesthesia (Planes 1–4), and (4) medullary 
paralysis or death. The goal of anesthetic induction is to take the patient through the first two stages 
as quickly as possible. This is often facilitated by the intravenous administration of the drugs. When 
intravenous administration is not possible, the drugs are commonly administered intramuscularly 
(IM) in larger species and either subcutaneously (SQ) or intraperitoneally (IP) in smaller species. 
Non-intramuscular injection commonly leads to a slower absorption of the drug into the circulatory 
system and to prolonged voluntary and involuntary excitement phases. Care must be taken to antici-
pate the response of the animal and prevent injury to the animal and to protect personnel from being 
scratched, kicked, or bitten.

Sedatives, anxiolytics, and neuromuscular blocking agents do not provide analgesia, and anesthetics 
that induce unconsciousness at lower doses may not produce a pain-free state. It must be understood that 
unconsciousness does not always equate with a state of analgesia. In addition, it is critical to understand 
that neuromuscular blocking agents that produce a state of total paralysis, including respiratory paraly-
sis, are not anesthetics and do not induce unconsciousness. Therefore, neuromuscular blocking agents 
must never be used in an animal that is not deeply anesthetized. When monitoring an animal that is both 
anesthetized and paralyzed, it is critical to, at a minimum, monitor both the animal’s heart rate and blood 
pressure to ensure an adequate depth of anesthesia. A rise in heart rate with a stable or increasing blood 
pressure can indicate the animal’s perception of pain or distress and inadequate anesthesia. However, a 
rise in heart rate coupled with decreasing blood pressure can mean the animal is too deeply anesthetized. 
It has also been recommended when using neuromuscular blocking agents that the plane of anesthesia 
be periodically lightened until a slight increase in heart rate is observed and then returned to the deeper 
plane to ensure that adequate anesthesia is present.

While careful monitoring of an animal’s reflexes provides a good indication that a plane of surgical 
anesthesia has been reached, concurrent monitoring of the animal’s heart rate and blood pressure is 
required to determine if the animal is pain-free. As stated above, if an animal’s heart rate is increasing 
and its blood pressure is normal or increasing, the animal is displaying a physiological response to pain. 
Costly equipment is not required for monitoring; manually taking a peripheral pulse and a mucous mem-
brane capillary refill time will suffice in most situations.

In most species, reaching a surgical plane of anesthesia is accompanied by loss of a toe pinch with-
drawal response; surgical anesthesia may also be accompanied by disappearance of head shaking in 
response to pinching of an ear (Smith and Dannerman 2008; Gaynor and Muir 2014; Grimm et al. 2015). 
The pattern of respiration, slow regular deep breaths, has been demonstrated to be a good indicator of 
the level of surgical anesthesia.

Care must be taken throughout the anesthesia and recovery periods (Hampshire and Davis 2008) to 
provide the animal with appropriate monitoring and nursing support. This should include the provision 
of a quiet environment, a warm ambient temperature, fluid support, and additional thermal support as 
required. Physiological monitoring is critical, but the nature of the monitoring requirement can vary by 
species, length and type of procedure, available equipment, and funding. The availability of precision 
vaporizers, pulse oximeters, and respiratory, cardiac, and blood pressure monitors increases the safety 
of anesthetic use.
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Whenever possible, care should be taken to prevent the development of pain, rather than focusing on 
the treatment of established pain. Tissue injury and other noxious stimuli cause the release of chemicals 
that activate sensory neurons (i.e., nociceptors). Once activated, the nociceptors send electrical impulses 
to the brain that are interpreted as pain. Left unchecked, the chemicals set off a cascading inflammatory 
reaction within the tissues around the nociceptors that become abnormally sensitive. Use of preemptive 
analgesia, the administration of preoperative and intraoperative medication to block pain pathways and 
induce analgesia (Beilin et al. 2003), can diminish or prevent the development of pain.

In many situations, pain is easier to prevent than to treat. Preemptive approaches focus on inhibit-
ing changes in the peripheral and central nervous system that contribute to heightened postprocedural 
pain. By taking preemptive measures to prevent the sensitization or “windup” of pain receptors and 
peripheral or central pain pathways, we minimize the development of pain and make it easier to man-
age. Benefits of preemptive analgesia include a more stable patient throughout surgery, a smoother post-
operative recovery period, and a reduction in postoperative pain and distress (Gaynor and Muir 2014). 
The preemptive use of opioids, nonsteroidal anti-inflammatory agents, and local anesthetics forms the 
foundation of most preemptive interventions. In addition, agents such as α2 adrenergic agonists (e.g., 
xylazine and medetomidine), N-methyl-D-aspartate (NMDA) antagonists (e.g., ketamine), and cortico-
steroids are also used.

The same pain prevention drugs listed above are used to treat pain once it has developed. The drugs 
chosen will depend on the species, age, nature, severity of the pain, and possibly the research objectives. 
Combinations of analgesics are often used both preemptively and to treat pain. This strategy is called 
balanced or multimodal analgesia. It involves the simultaneous administration of two or more drugs 
classes that have additive or synergistic analgesic effects. An added benefit of using two or more drugs 
with additive or synergistic effects is that the dosages of each agent can often be reduced, leading to 
fewer adverse effects and lower incidence of drug tolerance.

Use of Pharmaceutical-Grade versus Non-Pharmaceutical-Grade Compounds

A pharmaceutical-grade compound/substance (PGC) is any active or inactive drug, biologic, or reagent 
for which a chemical purity standard has been established by a recognized national or regional pharma-
copeia (e.g., the U.S. Pharmacopeia [USP], British Pharmacopeia [BP], European Pharmacopoeia [EP], 
or Japanese Pharmacopeia [JP]). These standards are used by manufacturers to help ensure the products 
are of the appropriate chemical purity and quality, in the appropriate vehicle solution or compound, 
stable, safe, and efficacious (AAALAC 2015). In addition, the Food and Drug Administration (FDA) 
maintains a database listing of FDA-approved commercial formulations for both FDA-approved human 
drugs (U.S. FDA 2016b) and veterinary drugs (U.S. FDA 2016a).

In the United States, it is a requirement that compounds used for the clinical treatment of animals or 
to prevent, reduce, or eliminate animal pain or distress be PGCs whenever possible (USDA Policy 3—
Veterinary Care, March 25, 2011). In addition, when compounds are used to accomplish the scientific 
aims of the study, PGCs are preferred if available and suitable. These issues pertain to all components, 
both active and inactive, contained in the preparation to be administered. Therefore, the vehicle used 
to facilitate administration of a compound is as important of a consideration as the active compound in 
the preparation. The NIH OLAW suggests that the IACUC, in making its evaluation, should consider 
factors such as grade, purity, sterility, acid–base balance, pyrogenicity, osmolality, stability, site and 
route of administration, compatibility of components, unwanted effects and adverse reactions, storage, 
and pharmacokinetics (http://grants.nih.gov/grants/olaw/faqs.htm#662). The Guide (NRC 2011) further 
states that the use of non-PGCs in laboratory animals must be described and justified in the animal use 
protocol and/or be covered by an IACUC policy developed for their use and approved by the IACUC. 
There are many useful institutional guidelines available that can be used as templates for the develop-
ment of an individualized program (NIH 2013).

Medical Records

Medical records document animal care and use, and they are an essential part of any laboratory animal 
care program (USDA Animal Care Policy 3; Field et al. 2007). This is true for all laboratory animal 
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species, and the following recommendations apply to both USDA-regulated and nonregulated spe-
cies. Some legislation and guidelines require the use of medical records. The U.S. AWR (9 CFR §2.35) 
require maintenance of some records for at least 3 years and study-related records for 3 years after study 
completion. European Union member states are required to maintain some records for 3 years after the 
death of an animal and other records for 5 years (European Parliament and the Council of the European 
Union 2010). The institution and attending veterinarian should determine the method by which records 
are maintained, and professional judgment and performance standards should be used in creating facility 
standards for medical records. Veterinarians should be responsible for the oversight of records, although 
records should be readily retrievable and available for all staff involved in animal care. Records should 
also be reviewed during IACUC facility inspections.

Medical record entries should be dated, legibly written, and clearly state who recorded the entry. 
Entries are made by those administering treatments, performing procedures or observations, evaluating 
test and exam results, and uploading or attaching files. Entries should be complete enough to reconstruct 
the care and use of the animal and allow for clear communication between research and care staff. 
Recommendations of what to include in records are provided in Figure 31.3. Individual records are the 
most common, but group records and/or entries may be utilized when performing the same procedure 
on a group of animals.

Medical records may be on paper or in electronic systems. Electronic records are more legible, 
automatically include entry dates and personnel, and may be capable of quickly generating reports for 
easily assessing study complications, mortality rates, and colony health. They also provide an efficient 
mechanism for including information in large numbers of records at the same time. They can also be 
utilized to easily schedule treatments, testing, and research procedures. However, electronic systems 
are dependent on having a reliable and secure server, easy access for updating at the point of use, and 
payment of licensing fees, and therefore may be cost-prohibitive and unavailable without server or 
computer access.

• Individual or group identification
• Species
• Gender
• Age
• Weights
• Master problem list of clinical, health, behavioral, and procedural history
• Health status (including testing history and results)
• Preventive medicine history (including routine exam findings, vaccinations,
   deworming)
• Medical history (including exam findings, diagnostics, and treatments)
• Anesthesia records
• Surgical history and post-operative monitoring records
• Pain assessments
• Behavioral information (including socialization history)
• Special husbandry needs
• Breeding history (including pedigree/strain/line, genotype, parents, pairing for
   mating, outcome of mating, complications)
• Study assignment
• Experimental history
• Treatment contraindications
• Complications from procedures, surgery, or medications
• Research data useful to animal care staff (weights, scoring sheets)
• Final disposition
• Necropsy reports

FIGURE 31.3 Recommended items to include in laboratory animal medical records.
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Summary

The timely provision of quality veterinary care is a critical component of all laboratory animal care 
and use programs. Quality veterinary care not only ensures the health, well-being, and welfare of the 
animals, but also improves the quality, quantity, and reproducibility of the research. Because a program 
is only as strong as the individuals staffing it, the strength of a veterinary care program is determined 
by the training and experience of the attending veterinarian or designated program official and his or 
her staff.
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Introduction: Enhancing Care

This chapter focuses on behavioral training, specifically positive reinforcement training (PRT) tech-
niques, as it applies to health care programs for laboratory animals. Training laboratory animals to 
voluntarily participate in necessary veterinary, husbandry, and research procedures is an important 
refinement (refinement is one of the 3Rs [Russell and Burch 1959]) that can substantially improve the 
well-being, welfare, and wellness of captive animals, enhancing the quality and utility of the animals 
as research models, and therefore the reliability and validity of many types of research (Graham et 
al. 2012).

In our opinion, one of the primary goals of state-of-the-art, comprehensive training for a health care 
program is to provide the animals with opportunities to voluntarily participate in their own care (Schapiro 
et al. 2014). Examples of this might include the animal presenting a leg for venipuncture (Graham et al. 
2012), placing its face in the mask of a nebulizer (Gresswell and Goodman 2011), sitting in one place for 
an acupuncture or laser treatment (Magden et al. 2013, 2016), and choosing which of two medications it 
prefers when given a choice (Schapiro et al. 2014). In these, and similar, scenarios, the animals are given 
opportunities to make meaningful choices concerning their health care; they can choose to sit still for 
acupuncture or they can walk away. One of the strongest indications that this approach is useful for the 
animals would be if they continued to perform the target behavior (sitting still) in the absence of external 
reinforcement (food or clicks), because this could suggest that the behavior is being performed to achieve 
internal reinforcement (the treatments make them feel better), rather than merely for food. To us, this 
represents the evolution of animal care to the next level, where the animals themselves are determining 
the efficacy of the treatments they choose to receive.

Regulatory Requirements

While there are no regulatory requirements stating that laboratory animals must be trained to volun-
tarily participate in husbandry, veterinary, and/or research procedures (except perhaps chimpanzees 
[“acquiescent animals,” Institute of Medicine 2011, p. 65]), the current version of the Guide for the Care 
and Use of Laboratory Animals (NRC 2011) states, “In most cases, principles of operant conditioning 
may be employed during training sessions, using progressive behavioral shaping, to induce voluntary 
cooperation with procedures” (p. 69). The European guidelines also state, “Accustoming animals to 
competent and confident handling during routine husbandry and procedures reduces stress both to 
animals and personnel. For some species, for example dogs and non-human primates, a training pro-
gramme to encourage co-operation during procedures can be beneficial to the animals, the animal care 
staff and the scientific programme” (Council of Europe 2010, Appendix A, Section 4.10). Although rats, 
mice, and other small rodents may sometimes be trained to perform experimental tasks as dependent 
measures in certain types of investigations, the training of experimental animals as part of the health 
care program is typically restricted to dogs, pigs, some nonhuman primates, and infrequently, rabbits 
and cats.

Refinement

As mentioned above, training animals to voluntarily participate in management and research behav-
iors represents an important refinement (Russell and Burch 1959) in the continuous, ongoing evolution 
of laboratory animal care programs. An animal that gives a voluntary blood sample (no physical or 
chemical restraint) in its home enclosure should be significantly less stressed than an animal that must 
be restrained in order to obtain a similar sample (Graham et al. 2012). It is likely that the removal 
of restraint stress as a potential confounder of experimental data not only is a handling refinement, 
but also may result in decreases in other potential confounders, especially those related to interindi-
vidual variation. This should ultimately result in a reduction (another of the 3Rs) in the number of 
subjects required for certain investigations, without any adverse effects on the statistical power of the 
experiments.
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Primates Emphasized, But the Information Is Applicable to Other Species as Well

This chapter emphasizes the application of PRT techniques in relation to health care programs for nonhuman 
primates in research settings, because a reasonable amount of work has been conducted addressing this issue 
for these taxonomic groups (Anzenberger and Gossweiler 1993; Bloomsmith et al. 1994; Laule et al. 1996; 
McKinley et al. 2003; Schapiro et al. 2003; Laule and Whittaker 2007; Graham et al. 2012; Perlman et al. 
2012; Whittaker and Laule 2012), and relatively little work has been published on other taxonomic groups 
living in research settings. Where appropriate and applicable, training of pigs, cats, and a few other species 
for health care purposes is discussed (Adams et al. 2004; Gruen et al. 2013; Lockhard et al. 2013).

Dogs represent an interesting case for this chapter. There are relatively few publications that docu-
ment the training process or the results of PRT attempts with laboratory dogs, so it is difficult to discuss 
the formal training of laboratory dogs. However, it is quite well known that dogs are relatively easy to 
acclimate to many health care–related and research-related procedures in the laboratory, using PRT and 
similar techniques (Mikkelsen et al. 2003; Adams et al. 2004; Meunier 2006; Tornqvist et al. 2013).

Training the Animals

In many instances, training is simply another word for teaching. Trainers teach animals to perform particular 
tasks by providing reinforcement immediately following the performance of the task. Animals learn that they 
receive reinforcement when they perform the target behavior, altering (increasing) the probability that they 
will perform that behavior again in the future. Psychologists have been studying learning for many years, in 
many different ways (Domjan 2015), and for the purposes of this chapter, we focus on one type of learning, 
operant conditioning, with an emphasis on one type of operant conditioning, PRT. Virtually all animals learn 
via operant conditioning, whether it is in a formalized laboratory training session (a dog being trained to pro-
vide a blood sample or a rat pressing a lever in a Skinner box) or under naturalistic circumstances (a chimpan-
zee learning to crack palm nuts with stone tools or a blue jay eating a distasteful monarch butterfly). Although 
punishment is an important factor in discussions of many types of “natural” learning, it has no place in applied 
operant conditioning for laboratory animals, especially in relation to training for health care purposes.

Training for many health care–related behaviors typically involves at least two processes. The first 
is the training of the animals to perform the target behaviors. This is usually a fairly straightforward 
process, as described in the next section. A complementary process, one that is best accomplished con-
currently with training, is the desensitization (pairing of a positive reward with a potentially negative 
situation) of the animals to the personnel, tools, and apparatus that tend to be associated with health 
care behaviors. These may include people, such as the veterinarian and the veterinary technician, and/or 
items, such as carts, syringes, lancets, glucometers, vacuum devices, and stethoscopes, which, based on 
previous experiences, may have negative connotations for the animals.

Additional discussions related to both basic and applied aspects of the psychology of animal (and 
human) learning can be found in many psychology text books, including Domjan (2015).

Brief Description of Positive Reinforcement Training Techniques

PRT is one subset of operant conditioning techniques that relies on the stimulus–response–reinforcement 
contingency. This contingency involves (1) the trainer asking the animal for a behavior using a cue 
(stimulus), (2) the animal performing the behavior (response), and then (3) the animal receiving a reward 
(reinforcement) for doing so. In order for PRT to be effective, all three components of the contingency 
must be present in the correct order, and they must occur in temporal proximity to one another (the delay 
between the stimulus and the response is not as important as the delay between the response and the 
reinforcement). The optimal delay between the response and the reinforcement is 0.5 seconds, essentially 
before another behavior can occur. More extended discussions of operant conditioning and PRT can be 
found in Skinner (1938) and Domjan (2015).

When attempting to train a complex behavior (presenting the cephalic vein for venipuncture and blood 
collection using a polyvinyl chloride [PVC] sleeve) (Coleman et al. 2008), one that may be comprised 
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of multiple steps, it is important to train the animals via “shaping” of the final behavior, sequentially 
rewarding successive approximations of the target behavior, rather than attempting to train the animal to 
perform the final behavior from the beginning. For instance, to train an animal to voluntarily provide a 
blood sample from the cephalic vein using the sleeve (Coleman et al. 2008), the animal would be initially 
rewarded for placing its arm in the sleeve, and then sequentially rewarded for holding the bolt at the end 
of the sleeve, for allowing alcohol to be rubbed on the arm, for allowing occlusion of the vein, and so 
forth, and then finally, for the behaviors of inserting a needle in the vein, drawing the blood, and applying 
pressure to the venipuncture site.

Most PRT scenarios with laboratory animals involve the use of both a primary reinforcer and a condi-
tioned reinforcer. Animals willingly work for primary reinforcers (i.e., food and water) because they sat-
isfy biological needs, while conditioned reinforcers are potentially meaningless events that only become 
meaningful (reinforcing) through repeated pairing with a primary reinforcer. For instance, the ringing 
of a bell would not stimulate salivation in Pavlov’s dogs until the dogs learned that the ringing of the 
bell reliably preceded the presentation of meat powder (discussed in Domjan 2015). Once the association 
between the bell and the meat powder had been learned, the dogs would routinely salivate to the sound 
of the bell. In PRT for laboratory animals, a click or a whistle is typically used as the conditioned rein-
forcer. The click is initially repeatedly paired with food, resulting in the animals’ willingness to work for 
the click. This is especially important when trainers want to reward animals for performing the desired 
behavior, but cannot provide them with food quickly enough (e.g., the animals are asked to move from 
the front of the enclosure to the back) or at all (e.g., prior to anesthesia). In these types of scenarios, it is 
more important to provide the animals with precise information (the behavior was performed correctly, 
as signaled by the click) than it is to provide them with food.

We rarely advocate the use of negative reinforcement training (NRT) techniques, because NRT can be 
interpreted to teach animals what not to do, rather than what to do (PRT). NRT, like PRT, increases the 
probability that the target behavior will be performed when the stimulus is presented. A negative rein-
forcer is something that the animals want to avoid, such as the squeeze-back mechanism in a primate cage. 
Primates can be trained to come to the front of the cage to avoid the squeeze-back (NRT) or to receive 
food (PRT). Most trainers agree that coming to the front of the cage to receive food is more pleasant than 
avoiding the squeeze-back. However, recent findings suggest that there is a small subset of animals, and 
circumstances, in which NRT techniques can be more effective than PRT (Wergard et al. 2015). We always 
suggest that PRT be tried prior to attempting NRT. If, however, analyses of the temperament profiles of cer-
tain subjects suggest that PRT is less likely, and NRT is more likely, to work, then there may be limited jus-
tification to invest large amounts of time attempting to use PRT with those animals (Hannibal et al. 2013).

Once a behavior has been trained to a criterion of “success” (e.g., the animal performs the behavior 
four out of the five times requested), that behavior must be maintained on a regular training schedule 
in order to maximize the probability that the behavior will be successfully performed when requested 
(needed). This means that in a smoothly operating training program, animals will receive training ses-
sions on a frequent basis, some sessions to train new behaviors, some to maintain already trained behav-
iors, and some to actually perform the behaviors when required.

There are three additional general training points that are important to present. First, typically, the 
more experience animals have with the training process, the easier it is to train them to perform additional 
behaviors (Reamer et al. 2014). In other words, the animal has learned to learn, and recognizes that the 
approach of the trainer and/or the technician (and the relevant training items and apparatus) represents the 
beginning of a session in which the animal is going to be (1) requested to perform particular behaviors 
and (2) rewarded if it successfully performs those behaviors. Second, many animals, especially nonhuman 
primates, can learn trained behaviors by watching other animals being trained. This is called observa-
tional learning, and chimpanzees can accelerate the rate at which they learn to (1) urinate on command or 
(2) place their face in a nebulizer mask, for instance, by watching other chimpanzees being trained live, 
or for urination behavior, even by watching recorded training sessions (Perlman et al. 2010). Finally, ani-
mals will occasionally or regularly regress, or fall below the criterion for previously successfully trained 
behaviors, the first few times they actually perform the target behavior “for real.” This is especially true 
for behaviors like “present for injection,” where animals may become reticent when asked to present the 
next time after they have received a real injection. With proper desensitization techniques, and swamping 
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a small number of aversive occurrences (a real injection of anesthetic with no food reward) with many neu-
tral or positive experiences (a gentle touch with a blunt needle followed by a desirable food item), animals 
that have regressed can be retrained to once again meet the criteria for successful training.

Brief Description of Desensitization Techniques

The training process can be facilitated and, in many cases, must be facilitated by the use of desensitization 
techniques (Laule et al. 2003) to teach animals to tolerate previously “scary objects or situations.” These 
objects or situations can include highly relevant people, places, and/or apparatus that the animals associate 
with fear-inducing occurrences based on prior experience. For the purposes of this chapter, we separate 
desensitization from PRT, because with PRT, you are training for an overt, observable response, while 
with desensitization you are teaching the animal to tolerate the scary object or situation. As an example 
of a simplified version of a desensitization plan, if an animal is fearful of syringes, the animal would be 
reinforced (with clicks and food) when it remains calm when, sequentially, (1) it sees an “inactive” syringe 
(just lying on the cart in the hallway), (2) the syringe is in the room, (3) a person briefly touches the syringe, 
(4) a person holds the syringe, (5) the syringe is moved toward the animal, (6) the animal is touched with the 
capped syringe, (7) the syringe is uncapped, and so forth. Similar sequential processes would be involved in 
desensitizing animals to a stethoscope, transport cage, restraint device, or the veterinarian.

Limitations of Training

Although PRT techniques can be effectively employed in many circumstances with many types of ani-
mals and behaviors, PRT does not work in every circumstance. In addition to individuals of “trainable 
species” that are uncooperative, certain species and certain behaviors can be difficult or impossible to 
train. For instance, you are unlikely to be able to effectively train (1) a rat to present for a jugular blood 
sample (although you can train cats for a similar procedure) (Lockhard et al. 2013), (2) a mouse to present 
for a retro-orbital blood sample, or (3) two adult female marmosets to live compatibly.

While the understanding of animal learning and training is a science, being an effective trainer also 
involves considerable sensitivity. Not all subjects will work for the same reinforcers; it is important to 
identify reinforcers that motivate each subject. It is rarely acceptable in training circumstances to deprive 
animals of a resource (food or fluid) in order to increase their motivation to perform the target behaviors. 
This would be especially true in circumstances in which behaviors important for health care are being 
trained; subjects trained for health care behaviors should be voluntary participants.

Training the Trainers

Just as there are differences in animals’ interest and motivation in participating in training, there are differ-
ences in caregivers’ interest and aptitude for training. Patience and consistency are two extremely impor-
tant traits that are characteristic of good laboratory animal trainers. An effective trainer must utilize PRT 
techniques properly and be extremely patient, able to deal with the regressions that are typical in most PRT 
programs. Additionally, trainers must be consistent with the stimuli that they provide for the animals (these 
are the commands that are given to the subjects) and the reinforcers that they use. In order to maximize the 
success of the training program, consistency must be maintained within and across trainers. Trainers must 
also be sensitive to circumstances in which they are potentially being trained by the animals, rather than 
vice versa (see the example in the “Urine” training section below). While we know a few things about the 
aspects of temperament that make certain animals good trainees (Coleman et al. 2005), we know consider-
ably less about the aspects of temperament that make certain people good trainers.

In general, training programs seem to work well when (1) personnel whose job titles (and skill sets) 
identify them as trainers are responsible for training new behaviors and (2) personnel whose job titles 
include more generalized animal care responsibilities maintain basic behaviors that have already been 
trained. Such a distribution of effort can be useful for getting the most out of the people involved in the 
implementation of the training program.
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It is important to include veterinary technicians and/or similar workers who may be involved in the 
performance of the final target behavior in all phases of the training process. In some facilities, veterinary 
technicians may be viewed negatively by the animals due to the typical animal-related duties they perform 
(dosing, blood sampling, restraint, etc.). The animals may be less willing to perform the target behaviors in 
the presence of these “scary” individuals. By involving veterinary technicians in the early, shaping phases 
of the training process, the vet techs become less scary, ultimately transforming them from negative stimuli 
to neutral, or even positive stimuli. This is likely to occur as the vet techs participate in more and more 
neutral and/or positive interactions with the animals and only a small proportion of “negative” interactions.

Brief Review of Studies of the Training Process

As mentioned above, most PRT procedures are based on the stimulus–response–reinforcement contin-
gency. Several publications are available that chronicle many aspects of the training process (Bloomsmith 
et al. 1994; Gillis et al. 2012). Overall, laboratory animals (primarily, but not exclusively, nonhuman pri-
mates) have been successfully trained to voluntarily perform a variety of health care–related behaviors, 

TABLE 32.1

Some Health Care–Related Behaviors That Have Been Trained Using PRT Techniques

Target Behavior/
Treatment Species Reference

Acupuncture Chimpanzees Magden et al. 2013

Blood pressure Baboons Turkkan 1990

Capillary blood sample Chimpanzees Reamer et al. 2014

Choice of medication Chimpanzees Schapiro et al. 2014

Diabetes related Rhesus macaques, drills, chimpanzees Priest 1991; Laule et al. 1996; Graham et al. 2012

Enrichment Rhesus macaques, zoo animals Baker et al. 2010; Westlund 2014

Feces collection Rhesus macaques Phillippi-Falkenstein and Clarke 1991

fMRI Dogs Berns et al. 2012, 2013

Geriatrics Chimpanzees Bridges et al. 2015

Implanted devices Rhesus macaques, chimpanzees Graham et al. 2012; Magden et al. 2016

Nebulizer Chimpanzees Gresswell and Goodman 2011

Oral medication Macaques Crouthamel and Sackett 2004

Pinworm assessment Chimpanzees Schapiro et al. 2005

Present for injection Rhesus and cynomolgus macaques, 
chimpanzees

Perlman et al. 2004; Videan et al. 2005; 
Graham et al. 2012

Saliva sample Marmosets, rhesus macaques, 
chimpanzees, bonobos, orangutans, 
dogs, pigs

Lutz et al. 2000; Cross et al. 2004; Kutsukake 
et al. 2009; Kaplan et al. 2012; Behringer et al. 
2014; Borah et al. 2014; Decorte et al. 2014; 
Evans et al. 2015

Semen collection Chimpanzees, orangutans VandeVoort et al. 1993; Perlman et al. 2003, 2004

Shifting Rhesus macaques, sooty mangabeys, 
chimpanzees

Reinhardt 1992; Luttrell et al. 1994; Bloomsmith 
et al. 1998; Veeder et al. 2009

Targeting/stationing Rhesus macaques Schapiro et al. 2001, 2003; Fernstrom et al. 2009

Ultrasound Bonobos, snow leopards Broder et al. 2008; Drews et al. 2011

Urine collection Marmosets, vervets, New World 
primates, chimpanzees

Kelley and Bramblett 1981; Anzenberger and 
Gossweiler 1993; Laule et al. 1996; Smith et al. 
2004; Anestis 2005; Perlman et al. 2010

Vaginal swab Stumptailed macaques Bunyak et al. 1982

Venipuncture Rhesus, cynomolgus, and stumptailed 
macaques; chimpanzees; cats

Reinhardt and Cowley 1990; Reinhardt 1991, 
1997; Schapiro et al. 2005; Lambeth et al. 2006; 
Coleman et al. 2008; Graham et al. 2012; 
Lockhard et al. 2013
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including moving between enclosures (Veeder et al. 2009), presenting for injections (Perlman et al. 2004), 
presenting for venipuncture (Lockhard et al. 2013), presenting for capillary blood samples (Reamer et 
al. 2014), and stationing for acupuncture (Magden et al. 2013). Table 32.1 provides a list of additional 
examples and citations for health care–related behaviors trained using PRT techniques.

Health Care Issues Amenable to Training Solutions

Many health care issues are amenable to training solutions (Laule and Whittaker 2007; Whittaker and 
Laule 2012). In most instances, solutions to complicated health care situations can be derived from 
appropriate desensitization procedures and the combination of sequences of multiple, fairly basic trained 
behaviors. For example, an animal can be trained to voluntarily participate in a capillary blood sampling 
procedure (Reamer et al. 2014) by training (shaping) a sequence of behaviors, including approach, sit, 
stay, hold, and present a digit.

Targeting, Shifting, and Stationing

Among the most basic of behaviors to be trained for health care purposes are shifting, targeting, and sta-
tioning. Shifting (sometimes called gating) refers to training the animals to move from one part of their 
enclosure to another part on command (Bloomsmith et al. 1998; Veeder et al. 2009). This effectively 
allows the entire enclosure to be cleaned and works best when the animals live in “suites” of at least two 
“rooms.” Animals can be shifted to room B when room A is being cleaned and can then return to room 
A so that room B can be cleaned. When training animals to shift, it is important to remember the stimulus–
response–reinforcement contingency and to provide the animals with a verbal stimulus (shift) and then 
reinforce them (with food, e.g., all or part of their morning ration) when they move as requested. In order 
for play cages or exercise pens to be valuable components of animal care programs (Griffis et al. 2013), 
the animals must reliably shift back and forth between the home cage and the play cage.

Training animals to target (Figure 32.1) and station is also a basic requisite for a variety of health care–
related tasks. Training subjects to target involves teaching the animal to touch (with hands, feet, nose, etc.) 
an object (the target), such as a paddle, a stick, or a piece of PVC, when the stimulus (command) is given 

FIGURE 32.1 (See color insert.) Squirrel monkeys “targeting” (touching) the PVC tube held by the trainer.
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(Schapiro et al. 2003; Fernstrom et al. 2009). The target can be either stationary or moved to various posi-
tions around the enclosure. A target that can be moved allows the trainer to position the animal at a variety 
of different places within the enclosure and is typically quite helpful when training animals to shift, separate, 
or enter transport apparatus. Training subjects to station involves teaching the animal to stay in a desired 
position (typically at its target) (Schapiro et al. 2001) for progressively longer durations until the desired time 
frame is achieved. Animals that are reliably trained to station for periods ranging from several seconds to 
many minutes are (1) less likely to interfere with the training of group mates, (2) less likely to act aggressively 
toward people, (3) typically appropriately positioned for the performance of health care behaviors (presenta-
tion of body parts, nebulizer, acupuncture, venipuncture, etc.), and perhaps most importantly, (4) demon-
strating that they are willing participants in the procedures that follow. For many of the health care–related 
behaviors discussed in the sections that follow, it is essential that the subject is trained to station reliably.

Examinations

Animals that are reliably trained to target and station can be easily examined. Limbs, appendages, ori-
fices, offspring, and so forth, are quite accessible (visually and tactilely) when an animal is calmly sta-
tioned and correctly positioned at a target at the interface between the animal area and the human area. 
Animals can be trained to present body parts and desensitized to objects and apparatus while stationed, 
allowing for ocular, aural, dental, and wound examinations; body temperature and pinworm assessments 
(Schapiro et al. 2005); and the use of noninvasive imaging techniques (including x-rays or ultrasounds).

Training Permits Better Access to the Animal

One of the primary advantages of training subjects to perform health care–related behaviors is to improve 
access to the animals. This can occur in two different ways. First, animals that are trained to station at 
the human–animal interface of their enclosure and to present body parts can be visually examined at 
extremely close range. Any abnormalities (injuries, hair loss, etc.) can be assessed quickly and in consider-
able detail. Second, trained animals can be examined frequently without restraint (chemical or physical), 
minimizing the amount of stress involved in such examinations. Wound healing can be easily assessed 
through repeated stationing episodes. As with most of the health care–related behaviors, animals are 
requested to perform examination behaviors on a regular basis, even if no particular problems are evident, 
to maintain high levels of compliance for those few occasions when the behavior is necessary.

Assessing Health Based on Training Performance

Training performance is another valuable tool for monitoring health in trained subjects. Animals that 
are reliably trained to perform particular behaviors, but suddenly stop performing reliably, may be ill 
or compromised in some way. Poor performance of their trained behaviors can serve as an early signal 
of approaching or advancing health problems. This is particularly true and useful for animals that are 
perceived to be near the end of their lives and are therefore on a “quality of life watch.”

Quality of Life Assessments

An extremely important goal of any animal care program is to minimize or eliminate any suffering expe-
rienced by the animals. Laboratory animal care programs are designed to guarantee that animals have at 
least (but usually more than) an adequate quality of life. In some situations, the quality of an animal’s life 
may be compromised due to experimental manipulations, disease, or simply advanced age. If this com-
promise is serious enough, a quality of life watch may be initiated for that animal (Lambeth et al. 2013). 
Changes in training performance can be an especially sensitive indicator of a decrease in quality of life. 
For instance, a chimpanzee on a quality of life watch that suddenly stops reliably performing previously 
trained health care–related behaviors (e.g., stations for acupuncture) should be immediately examined to 
determine whether the health issue has accelerated, signaling that a significant decrease in quality of life 
may have occurred and euthanasia may be necessary to prevent suffering.
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Diagnosis

Behaviors that have been trained using PRT techniques can play an extremely important role in the 
diagnosis of health care–related problems. As mentioned above, the relatively straightforward behaviors 
of stationing and presenting body parts allow veterinarians, technicians, and researchers to closely and 
frequently observe the animals for wounds or illness. Animals can also be trained for a variety of types 
of diagnostic sample collections; this is among the most useful training applications for health care 
purposes. In addition to the attainment of body fluids for diagnostic purposes, animals can be trained to 
allow unrestrained images (e.g., x-ray) to be taken, and to allow the interrogation of implanted monitor-
ing units.

Monitoring Units

For those animals with acknowledged health issues, monitoring units can be surgically implanted in 
the animals and regularly interrogated, using the associated “reading” device. For instance, implant-
able loop recorders, identical to those used in humans, can be used to monitor cardiac patterns in great 
apes (Lammey et al. 2011; Magden et al. 2016). These devices record and store deviations from normal 
cardiac function, with the data downloaded approximately every 3 weeks. To download the data, ani-
mals are trained to station in a position in relation to the cage mesh that allows the technician to place 
the reader in close proximity to the implanted recorder (chimpanzees station with their back to the cage 
mesh [Magden et al. 2016]) (Figure 32.2a and b). Data can typically be transferred in less than 1 minute, 
leaving the implanted device ready to record data for the next 3 weeks. After remaining stationed for the 
download, the animal receives reinforcement for having done so and then can resume its normal activity.

(a)

(b)

FIGURE 32.2 (a) Chimpanzee with an implantable loop recorder presenting its back so that the loop recorder can be 
“read.” (b) Implantable loop recorder being read.
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Sample Collection

Many different types of samples can be collected from an animal that is (1) trained to station and present 
body parts at the enclosure interface and (2) desensitized to the collection device or personnel (syringe, 
blood sleeve, lancet, swab, vet tech, etc.). These include many types of body fluids, hair samples, skin 
scrapings, body temperatures, and images. The cooperative handling work with macaques of Graham 
and colleagues (2012) is particularly relevant here.

Body Fluids

Animals can be trained to voluntarily provide a variety of body fluids for health-related purposes. Blood 
is obviously the most meaningful and relevant fluid to collect, but saliva, mucous (nasal discharge for 
assessment of MRSA) (Figure 32.3), vaginal fluid, semen, and wound discharge can also be readily 
obtained from trained animals.

Saliva The most common technique for collecting saliva samples is to train animals to chew on an 
object (dental rope, cotton swab, gauze pad, etc.) and then retrieve the object that has been salivated on 
from the animals. Saliva samples have been collected from marmosets (Kaplan et al. 2012), chimpanzees 
(Kutsukake et al. 2009), and rhesus monkeys (Lutz et al. 2000), and have been used to assess levels of 
cortisol or the presence of several zoonotic pathogens (Evans et al. 2015). Obviously, obtaining saliva 
samples from dogs involves relatively little training (Borah et al. 2014), given a dog’s propensity to sali-
vate. Pigs also can be trained to provide saliva samples (Decorte et al. 2014).

Urine Animals (marmosets [Anzenberger and Gossweiler 1993], vervets [Kelley and Bramblett 1981], 
and chimpanzees [Laule and Desmond 1998; Anestis 2005; Perlman et al. 2010]) can be trained to 
urinate on command, providing samples for assessment of pregnancy-related hormones, glucose levels, 
and cortisol levels. Unlike most other applications of PRT techniques, where shaping (reinforcement of 
successive approximations) is typically used to train the target behavior, training an animal to urinate 
requires that the trainer “capture” the target behavior. This means that the trainer establishes conditions 
in which it becomes increasingly likely that the animal will perform the target behavior (providing the 
animal with a lot of fluid) while repeatedly giving the animal the stimulus (the command “urinate”). 
When the animal finally does urinate, the reinforcer (a very high-value reinforcer the first time, a jack-
pot) is immediately provided. While one might think that initially providing the animal with large quan-
tities of fluids might facilitate the training of urination, this can be counterproductive, as the trainer may 
end up training the animal to “hold it in,” rather than to urinate (the longer they hold it in, the more of the 

FIGURE 32.3 Chimpanzee presenting for a voluntary nasal swab.
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fluid they receive). This is one (of a number of) potential circumstances in which the animals may end 
up training the trainer, rather than the other way around. Since midstream urine samples are usually the 
most desirable for analysis, some sort of apparatus (a cup and/or a wand, rather than a pan beneath the 
cage) (Laule et al. 1996) is typically involved in the training and collection process.

Blood The value of blood samples as diagnostic tools is well known and multifaceted. While blood samples 
can be obtained from restrained animals, there are many reasons to acquire voluntary blood samples from 
unrestrained animals, especially when these samples can be collected at “cage side.” Such samples 
should provide data that is relatively less likely to be confounded with factors such as (1) the stress asso-
ciated with manual restraint and (2) the potential for interactions with the anesthetic agents associated 
with chemical restraint (Schapiro et al. 2005; Lambeth et al. 2006). Voluntary blood samples can be 
obtained using a variety of techniques. The quantity of blood required often helps determine the blood 
collection technique. The same animal can be trained for multiple techniques, all of which require that 
considerable effort be devoted to a systematic maintenance program. Voluntary venipuncture and blood 
collection is one of the few behaviors that is typically trained and maintained by trainers, rather than by 
animal care technicians.

Capillary Small (80–200 μL) voluntary blood samples for the assessment of blood glucose levels 
and/or for use with the i-STAT system (Abbott) can be collected from animals that are trained to present 
a finger or toe for sampling (Figure 32.4a and b). The training for this process is straightforward; in fact, 
many chimpanzees among those that are trained regularly for a variety of other behaviors will perform 
this behavior the first time they are asked, prior to any specific training for capillary blood sampling 

(a)

(b)

FIGURE 32.4 (See color insert.) (a) Using the lancet to prick the finger of a chimpanzee for a voluntary capillary blood 
sample. (b) Voluntary capillary blood sample from the toe of a chimpanzee for blood glucose analysis.
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(Reamer et al. 2014). Training for a capillary sample typically includes sequentially reinforcing stationed 
animals for allowing touching of the finger or toe, cleansing with a disinfectant wipe, skin puncture with 
a lancet, cleansing with another wipe, gentle squeezing, and finally, collection of the blood sample. When 
a 200 μL sample is required, a vacuum device (Innovac Quick-Draw®) can be used to prevent clotting 
and/or hemolysis of the sample. When a single drop of blood is required for use in a glucometer, no 
vacuum device is needed.

Venous Voluntary blood samples, for analyses (complete blood counts [CBCs], chemistries, viral 
analyses, etc.) that require larger volumes of blood, can be collected from animals that are trained to 
voluntarily “enter” and remain stationary in a device that is specially designed to facilitate unrestrained 
blood samples (PVC sleeve, fabric sling, etc.) (Coleman et al. 2008; Stracke et al. 2011). This can be par-
ticularly important when a subject is ill and an anesthetic episode to collect a blood sample could further 
compromise the animal’s health. In the case of the sleeve that has been successfully utilized with nonhu-
man primates (chimpanzees and rhesus macaques [Coleman et al. 2008]) (Figure 32.5), the animals are 
trained to hold onto the bolt at the end of the sleeve, exposing the cephalic vein for venipuncture through 

FIGURE 32.5 (See color insert.) Chimpanzee providing a voluntary venous blood sample using the sleeve.
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the opening cut in the sleeve. The target behavior of holding onto the bolt serves several purposes in this 
process: (1) it is a behavior that is incompatible with grabbing the humans, (2) it ideally positions the 
cephalic vein for venipuncture, (3) it indicates the animal’s willingness to voluntarily provide the sample, 
and (4) it provides an early warning signal in the event that an animal is going to pull its arm out of the 
sleeve. The trainer typically touches the animal’s hand during the venipuncture process, not as a method 
of restraint, but to assess the animal’s positioning, to determine its degree of relaxation, and to provide 
the animal with contact comfort and reassurance during the process.

As has been mentioned for other behaviors, the training process for voluntary venipuncture using the 
sleeve involves both training the target behavior and desensitization of the subject to the apparatus, per-
sonnel, and process (the sleeve, the vet tech or veterinarians, the occlusion of the vein, etc.). Once trained, 
multiple tubes of blood using a Vacutainer® system and/or a catheter can be quickly and voluntarily 
obtained from subjects (Lambeth et al. 2005). Importantly, certain CBC, chemistry, and immunological 
parameters may differ between voluntary and nonvoluntary blood samples obtained from chimpanzees 
(Lambeth et al. 2005; Schapiro and Lambeth 2007).

Chimpanzees, among other species, can also be trained to voluntarily accept intravenous infusions 
using the same sleeve and similar training techniques (Pavonetti et al., unpublished data).

Imaging

Animals can be trained to station to facilitate the collection of images for diagnostic and research purposes. 
X-rays and ultrasounds are the most common diagnostic images collected. Pregnancy has been moni-
tored via unrestrained ultrasound in a variety of zoo animals (e.g., snow leopards [Broder et al. 2008] and 
bonobos [Drews et al. 2011]). Extremities have been x-rayed in zoo-housed gorillas (Laule, personal com-
munication). Dogs have been desensitized to many of the sensory aspects (noise, vibrations, tight quarters, 
etc.) associated with MRI scanning and have been trained to station and remain motionless in the scanner, 
allowing the collection of function magnetic resonance imaging (fMRI) images (Berns et al. 2012, 2013).

Treatments

PRT techniques can facilitate not only diagnostic procedures with laboratory animals, but also treatment 
procedures. Animals that have been successfully trained to voluntarily target and station, in the absence 
of restraint, can be treated in a variety of different ways, including topically, orally, via injection, with 
acupuncture, and/or with medicinal lasers. Preventative medicine procedures can also be performed, 
such as toothbrushing and skin moisturizing treatments.

There are many conceptual similarities between training animals for diagnostic and treatment 
behaviors: (1) voluntary participation in these behaviors is extremely important for an animal that is 
being diagnosed and treated because it is ill, as restraint may cause additional problems for the animal; 
(2) animals must be trained to perform the targeted behavior and desensitized to the relevant apparatus, 
personnel, and so forth; and (3) a comprehensive maintenance program must be established in order to 
maximize the probability that the target behavior will be performed when necessary.

Topical

It is extremely advantageous to have animals that are trained to present eyes, ears, mouths, digits, tails, 
wounds, and so forth, for topical treatment (disinfectants, sugar slurries, antibiotic creams, eye or ear 
drops, etc.). Socially living animals may occasionally be wounded by group mates, and individually 
housed animals may occasionally injure themselves; any captive animal may occasionally contract a 
minor infection that requires topical treatment. Having animals that are trained to voluntarily present 
body parts to veterinary personnel for examination and handling can facilitate the treatment of these 
injuries without the need for anesthesia. This can be particularly important for minor health issues 
among socially housed animals, as the process of anesthetizing, removing, treating, and reintroducing 
the animal can often create issues that are worse than the original problem. It would be less than ideal 
if the removal and treatment of an animal for a minor ear infection resulted in a fight upon the animal’s 
reintroduction to the group in which the animal lost a finger or toe.
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Present for Injection

There are many advantages to training animals to voluntarily present a body area for an injection (Figure 
32.6). Regular subcutaneous injections for diabetic animals, intramuscular anesthetic injections for ani-
mals prior to physical examinations, vaccinations, and intramuscular antibiotic treatments for ill animals 
are all important applications of training animals to present for an injection. Although intuitively it 
may seem otherwise, training an animal to present for injection is relatively straightforward. However, 
animals often regress (fall below the criterion for successful training) after a real injection (especially 
of a dissociative anesthetic). The behavior will typically recover (return to the criterion of successful 
training), a process that can be significantly accelerated by an effective maintenance program (only a 
very small proportion of training episodes should actually result in a real injection). Typically, when an 
animal voluntarily presents for an injection, a positive reinforcer (food or juice) can be presented imme-
diately after the injection, establishing a positive context for the process. Obviously, when an anesthetic 
is injected, food reinforcement is not possible, highlighting the importance of the conditioned reinforcer 
(clicker or whistle) in the training of this valuable health care–related behavior.

Present for injection is a behavior for which it is extremely important to desensitize the animals to the 
apparatus and personnel involved. This is especially true in situations where the veterinary technician 
has previously been involved in relatively few positive interactions with the animals (the presence of the 
vet tech may reliably indicate to the animal that something “aversive” is about to happen). It is reason-
ably straightforward for the trainer to train an animal to present for a “mock” injection; however, when 
the time comes for the real injection to be administered by the vet tech, the animal is likely to become 
noncooperative. Therefore, it is critical that the vet tech is involved in the early shaping and desensitiza-
tion stages of present for injection training, so that the animal can learn that the vet tech is not a reliable 
indicator of an aversive interaction or outcome.

For some species, injectable antibiotic treatments are superior to oral antibiotic medications. If an 
animal is sick enough to require an antibiotic treatment, then the possibility exists that restraining the 
animal to provide the treatment may further compromise the animal’s health. If the animal is trained 
to voluntarily present for antibiotic injections, then a significant reduction in stress can be achieved, 
increasing the probability of successful treatment and recovery. However, it is important to note that 
levels of voluntary participation for these behaviors are often lower when animals are sick.

Although not directly health care related, training animals to voluntarily present for an anesthetic injec-
tion can influence at least CBC and chemistry values in subsequently collected blood samples (Lambeth 
et al. 2006). Clinical parameters in venous blood samples obtained when animals voluntarily presented 
for an injection of anesthetic differed significantly from clinical parameters obtained when animals 
were nonvoluntarily anesthetized. These findings applied to both within-subject and between-subject 

FIGURE 32.6 Rhesus monkey voluntarily presenting for an injection.
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analyses of a fairly large data set (Lambeth et al. 2006), suggesting that the process of administering 
the anesthesia and/or the anesthesia itself could be a potential confounder in experiments that analyze 
parameters from venous blood samples. Voluntary presentation for anesthetic injections may minimize 
the confounding effects of these factors.

Nebulizer

Chimpanzees have been trained to accept the use of a nebulizer to treat respiratory problems (Gresswell 
and Goodman 2011; Haller et al., in preparation) (Figure 32.7). The target behavior that is trained is the 
placing of the animal’s face (more specifically its mouth and nose) into the nebulizer mask to receive 
the aerosolized treatment. In essence, the animal makes a “kissy face” to position itself appropriately. 
Nebulizer treatments can then be administered for up to 20 minutes, several times a day. It is not uncom-
mon for the subject’s social partners to learn the behavior via observation, and even to “request” it 
(Haller et al., personal observation).

Acupuncture

At this point, it is important to mention again that stationing is among the most fundamental trained 
behaviors that underlie many of the health care–related behaviors mentioned in this chapter. Animals 
that are trained to position themselves appropriately at a station are demonstrating that they are willing 
subjects, ready to voluntarily perform any number of health care–related (and other types of) behaviors 
when the appropriate stimulus is presented.

Chimpanzees have been trained to allow the insertion of acupuncture needles as an adjunct therapy for 
the symptoms associated with osteoarthritis (Magden et al. 2013, 2016) (Figure 32.8). Animals are ini-
tially stationed and desensitized to the acupuncture needles prior to remaining still for the approximately 
10-minute sessions. Initially, subjects receive primary (grapes) and conditioned (clicks) reinforcers for 
remaining stationed, but if the acupuncture is truly relieving their arthritis symptoms, the animals will 
eventually station and accept treatment without the reinforcement of clicks or grapes. This suggests that 
the symptom relief experienced as a function of the acupuncture treatment may become the primary 
reinforcer for the behavior, a potential example of one of the primary goals of any animal training 
program—the voluntary participation of the animal in its own care, because the treatment is making 
the animal feel better. This can be interpreted as an example of self-medication, a concept discussed in 
more detail below.

FIGURE 32.7 Chimpanzee voluntarily placing its face in the nebulizer mask.
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Medicinal Laser

Medicinal lasers can be used (alone or in conjunction with acupuncture) in a manner similar to that of 
acupuncture, as an adjunct therapy for osteoarthritis. Additionally, medicinal lasers can be used to treat 
injuries and/or infections. Treatment with a medicinal laser requires that the animal station and toler-
ate the handheld laser and its flashing light (Magden et al. 2016). One advantage of laser treatments 
compared with acupuncture is that animals typically have to remain stationed for much shorter periods 
(~2 minutes) for a laser treatment than for acupuncture (~10 minutes). External reinforcers may also 
become extraneous for animals receiving laser treatments when the internal reinforcement of symptom 
relief takes place (Schapiro et al., personal observation).

Medications: Choice Procedure

Providing animals with the opportunity to choose between two medications for treatment of an ailment 
is an innovative approach that can truly put the animal’s health care under its own control, allowing the 
animal to demonstrate to care personnel which of two treatments it finds preferable. This can effectively 
open new lines of communication between the animals and those charged with their care and should be 
the next step in the continuing evolution of animal health care programs.

As an example, arthritic chimpanzees have been allowed to choose between meloxicam and ibupro-
fen as the treatment for their arthritis symptoms (Schapiro et al. 2014). In a small study that involved a 
number of necessary control conditions, chimpanzees received ibuprofen daily in colored Gatorade for 
2 months, after which they received meloxicam daily in a different color of Gatorade for an identical 
period. The conditions were then reversed to make it an ABBA design. Finally, after a total of 8 months 
of being presented with one or the other medication, the animals were presented with both medications 
simultaneously and allowed to choose the one that they wanted. Although only a small number of sub-
jects were involved in this study, all subjects preferred one medication (meloxicam) over the other, and 
perhaps more importantly, their behavior varied, depending on the medication they received or chose. 
In general, subjects engaged in more species-appropriate behavior when they received their preferred 
medication (Schapiro et al. 2014). A similar choice procedure can be used in many circumstances, for 
many conditions, which are typically treated by the administration of a compound, allowing for not only 
choices between medications, but also titration of doses. As mentioned above, such choice procedures 
(1) allow animals to control how they are treated, (2) open lines of communication between animals 

FIGURE 32.8 (See color insert.) Chimpanzee voluntarily presenting for a combination of acupuncture and laser therapy.
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and their caregivers that can truly benefit the animals, and (3) represent the next step in the evolution of 
laboratory animal care.

The fact that chimpanzees self-medicate under natural conditions (Huffman 1997) is one of the rea-
sons that these types of medication choice procedures are potentially useful for this species. If wild 
chimpanzees are feeling ill, they will search out the specific plant that makes them feel better and 
consume it and, shortly thereafter, feel better (Huffman 1997). While this may sound fairly straightfor-
ward, it represents a complicated chain of thought processes indicative of the complex cognitive abilities 
of chimpanzees. The choice procedure was designed with this in mind, to provide the animals with a 
naturalistic opportunity to use their inherent abilities to address the important situations that they are 
experiencing.

Data Collection

Although slightly off topic for this chapter, animals can also be trained to facilitate the collection of 
data that can address health care–related topics, as well as more basic and applied research questions. 
For instance, animals can be trained to (1) engage in affiliative activities to potentially impact immune 
responses (Schapiro et al. 2001), (2) solve complex problems to study the mechanisms of social learning 
(Hopper et al. 2015), (3) allow interspecific comparisons of trainability (Rogge et al. 2013), (4) cooper-
ate during chair restraint (Bliss-Moreau et al. 2013), and (5) cooperate during research manipulations 
(Graham et al. 2012), including fMRI (Berns et al. 2013).

Cost–Benefit Analyses

Many of the benefits associated with training animals to perform health care–related behaviors have 
been discussed in the preceding sections. However, there are costs associated with training as well. 
Depending on the behavior (and the animal), a substantial amount of time may need to be invested 
in initially training an animal to perform a complicated behavior on command. However, overall, an 
effective PRT program is extremely likely to provide benefits for the people and for the animals that far 
outweigh these initial costs. Time and money that are invested at the beginning of a training program 
typically result in substantial time and money savings later in the process, when animals are trained to 
perform the behavior at the time that it is needed. For example, mangabeys were trained using PRT to 
shift between rooms in their enclosures for cleaning purposes (Veeder et al. 2009). An initial investment 
of 26.5 hours in the training process was recouped in just 35 days, as caregivers saved 23 minutes each 
time they shifted the animals (twice each day). Since those first 35 days, caregivers have experienced a 
savings of 46 minutes every day for several years.

In addition to straight cost–benefit analyses involving hours or dollars invested compared with hours 
or dollars saved, there are additional benefits that are likely to accrue as a function of working with 
trained animals. In certain cases, diagnostic and treatment options may only be available to animals that 
have been trained using PRT techniques. Specifically, the nebulizer as a treatment for respiratory issues 
(Gresswell and Goodman 2011) is only practical to use with animals that have been trained to insert their 
mouth and nose into the nebulizer mask. Anesthetizing the animals for multiple treatments each day 
would not be practical. Similarly, acupuncture and laser treatments (Magden et al. 2013, 2016) are only 
practical for animals that will voluntarily station for their 2- to 10-minute sessions.

Further benefits of training laboratory animals include better definition of the animals as biomedical 
models. Although not strictly a health care issue, the data collected from animals that are trained for 
health care–related and research-related behaviors may be “superior” to data collected from untrained 
animals (Lambeth et al. 2006; Graham et al. 2012). One of the easiest ways to think about this involves 
decreases in interindividual variation in the data obtained from subjects that are voluntarily provid-
ing samples. Each animal is trained similarly, and individual differences in stress that may exist when 
untrained samples are collected are likely to diminish. Voluntary samples are definitely a refinement in 
the way we care for laboratory animals, and if interindividual variation is significantly diminished, then 
a reduction in the number of subjects required for a research project may also be achieved.
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Emerging Technologies

A number of emerging technologies can be utilized more efficiently with animals that have been trained. 
Implanted or worn devices, including telemetry systems (Lopez et al. 2014), loop recorders (Lammey 
et al. 2011; Magden et al. 2016), and activity monitors (Mann et al. 2005), which can be interrogated 
when animals are trained to station near the “reader,” provide noninvasive techniques for collecting 
vital health (and research) data. Animals with vascular access ports can be trained to present their ports 
(Graham et al. 2012) and do not have to be anesthetized for sample collection or compound administra-
tion. Animals can be acclimated to wear jackets and undershirts (Kelly et al. 2014; Field et al. 2015), 
critical components of management systems that involve tethered catheterization. These are all examples 
of technologies whose utility can be enhanced by training animals to perform the behaviors that facili-
tate the use of these devices.

Conclusion

The use of PRT techniques to provide animals with opportunities to voluntarily participate in health 
care–related behaviors is an important component of laboratory animal care programs, especially those 
that involve nonhuman primates, dogs, and pigs. Building on relatively simple behaviors, animals can 
be trained to perform fairly complex behaviors that facilitate preventative medicine, as well as the diag-
nosis and treatment of health issues. Importantly, over time, animals that are initially trained to perform 
basic behaviors learn to learn, expediting the training of later, more complicated behaviors. Significant 
benefits accrue to people and animals when resources are invested in training animals to perform behav-
iors that facilitate health care, including, among numerous other behaviors, presenting for an injection, 
stationing for an acupuncture session, allowing a capillary blood sample, and urinating on command. 
Providing laboratory animals with opportunities to participate in their own care is one example of taking 
captive care to the next level, the goal of all progressive captive management programs.
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Managing Animal Colony Health

Kerith Luchins and George Langan

Introduction

Research facilities today are frequently confronted by the challenges of adapting to new research tech-
niques, emerging animal models, and animal research that poses potential hazards to animals and per-
sonnel. Animal program managers play a vital role in overcoming these challenges by using colony 
health control to ensure the protection of animal and human health while providing an appropriate 
environment for biomedical research, testing, and teaching. Every year, as we continue to gain more 
knowledge about how adventitious infections and parasites affect research animals, the field of colony 
health management continues to evolve—generating new methods to screen and protect animal colonies. 
This chapter provides information on the tools and procedures animal program managers can use to 
manage the animal colony health programs in their facility, specifically bioexclusion. The focus of the 
chapter is on rodent colonies; however, information regarding other species is included when pertinent. 
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More information on biosafety and biocontainment programs is available in Chapter 30 of this book and 
is covered in other references (CDC 2009).

Terminology

Accurately communicating objectives in an animal laboratory setting is vital, and therefore, so is a good 
understanding of the appropriate terminology. While terminology pertaining to managing animal colony 
health can sometimes be confusing, understanding the following key terms will help personnel to avoid 
miscommunications.

• Isolation: A broad term frequently utilized in the laboratory animal setting. It commonly refers 
to the separation of animals, personnel, and/or research materials to prevent cross-contamination 
of organisms and infectious agents between animals, spread of zoonotic agents, and contami-
nation of the surrounding environment. Isolation practices can be broken down into multiple 
specific terms, depending on what type of isolation is required. Quarantine, biosafety, biosecu-
rity, biocontainment, and bioexclusion are all related but distinct terms, and a careful animal 
program manager should avoid using them interchangeably.

• Quarantine: The isolation of animals possessing either unwanted or unknown health status.

• Biosafety: The practice of creating safe conditions in research environments by decreasing or 
eliminating the exposure risk of potentially hazardous biological agents to individuals and the 
environment (CDC 2009). This term is distinct from the others, as it typically relates to human 
health, not that of the animals.

• Biosecurity: This term has multiple definitions, depending on the discipline. Mainly, it describes 
the methods used to avert biological terrorism or other disease outbreaks. However, in an ani-
mal facility, the term can relate to the protection of an animal colony from contamination 
from known or unknown infections that may cause disease and/or lead to research variables 
(NRC 2011). Additionally, it relates to the protection from loss, theft, diversion, or intentional 
misuse of biological materials, microorganisms, and research-related information. Biosafety 
and  biosecurity have somewhat different goals, but overall, they are generally complementary 
(CDC 2009; Nordmann 2010). Biosecurity practices can be further broken down into biocon-
tainment and bioexclusion.

• Biocontainment: This is the specific process or engineering control that reduces the risk of 
external transmission and propagation of organisms that could be dangerous to human and/or 
animal health. It involves methods to prevent the accidental release of pathogenic organisms 
or agents, including bacteria, viruses, and biological toxins. Physical containment is utilized to 
avoid accidental occupational infections and/or release into the surrounding community.

• Bioexclusion: The measures taken to reduce the risk of introduction of pathogens into the ani-
mal facility. In terms of the animal colony, this involves defining a specific pathogen-free (SPF) 
status and the means utilized to maintain this status. This leads to the commonly used term 
barrier, which defines how a facility maintains a certain health status. Any unwanted pathogen 
in a facility is termed an adventitious agent.

• Barrier: A systematic and comprehensive program used for the prevention of pathogen introduc-
tion into the colony animals. Barriers vary widely in scope, and could relate to an individual cage 
or room, or an entire facility. They also consist of multiple elements, including the housing of ani-
mals with known specified pathogen status, a monitoring system to maintain this status, the design 
of the housing environment, and the management of the physical plant and caging environments.

Risk Assessment

Performing a risk assessment is the foundation of a good bioexclusion program. To initiate any risk 
assessment, the hazards or concerns need to be accurately identified and then ranked on the basis of their 
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likelihood of occurrence and potential impact. This ranking permits the development of risk-appropriate 
approaches to limit the impact of the hazard, regardless of the type.

Performing a Risk Assessment

While appropriate bioexclusion practices are the cornerstone of an effective animal research facility, it is 
simply not practicable to exclude all pathogens. Further, unnecessary isolation and containment practices 
in bioexclusion programs can increase costs and personnel workload, also potentially delaying research. 
For these reasons, a thorough risk assessment should be made for each pathogenic agent of concern that 
can accurately identify the costs and benefits of exclusion. The step-by-step risk assessment process 
below elucidates the potential hazards in your facility and their impact to the research program. This, in 
turn, will allow facility leaders to develop the necessary bioexclusion practices for the agents that pose a 
genuine risk to the program and research (White et al. 1998; CDC 2009).

Process and Participants Involved

Prior to beginning the risk assessment process, it is important to make sure that all the necessary par-
ticipants are included in the discussion. In a small facility, this may include all staff members; in a larger 
facility, it may be best to have a small group of individuals with subject-specific knowledge gather the 
necessary information for a final risk assessment. The key participants to include are the veterinarian, 
facility manager, diagnostic lab representative, and principal investigator or laboratory director, who can 
speak to the impact of agents on their research.

To conduct a risk assessment for a bioexclusion program, first rank each microorganism based on its 
known potential to cause disease and potential research interactions. This can be broken down further by 
evaluating multiple factors and how those relate to the species utilized and the research performed. For 
a good step-by-step discussion of performing a risk assessment for a bioexclusion program, see White 
et al. (1998). After evaluation, divide the microorganisms considered into three categories of risk: low, 
medium, and high. These categories will help determine the necessary practices when working with 
these organisms (White et al. 1998).

Transmission of Agents

In determining the likelihood of an agent entering the animal colony, the risk assessment needs to con-
sider transmission of the organisms. There are several methods by which organisms can be transmitted 
to other animals, and the measures required to control the agents will need to correspond to the trans-
mission pathway. For example, organisms that are transmitted via aerosol—in other words, through the 
spread of contaminated airborne droplets or dust—require very strict control measures to prevent spread 
(Shek et al. 2015). Agents may also be spread by direct contact or oral ingestion, which tend to be easier 
to control. Insect vectors can also be responsible for transmission of agents between animals in a facility; 
however, if pest control is adequate, these types of agents should be of minimal concern. A thorough 
review of routes of transmission is available from the Centers for Disease Control and Prevention (CDC 
2009) and Whary et al. (2015).

Establishing Standards for an Animal Care and Use Program

After a thorough risk assessment, each program must establish its own standards for bioexclusion and 
how they will be implemented at the facility. The establishment of these standards should involve dis-
cussion with multiple individuals within the program, including facility managers, veterinarians, animal 
researchers, and possibly institutional oversight committees, such as the Institutional Animal Care and 
Use Committee (IACUC) and the Institutional Biosafety Committee (IBC). Once established, these 
standards should be reviewed periodically to ensure that they are still meeting the needs of the program 
and, where appropriate, adapt to the fluctuating needs of the research, other programmatic adjustments, 
and the discovery of new adventitious agents.



796 Management of Animal Care and Use Programs in Research, Education, and Testing

Defining SPF Criteria

SPF refers to an animal that is free of a list of pathogens, but otherwise has an undefined microflora 
(Rahija 2007). The term SPF alone has little meaning, as facilities often differ in the adventitious infec-
tions and parasites allowed to enter. Therefore, a critical component of any bioexclusion program is 
defining which adventitious infections and parasites are of concern to the facility and the steps that will 
be taken to prevent their entry.

The determination of whether an agent will appear on the SPF list is influenced by several factors, 
including, but not limited to, the potential interference of the agents with research, the ability to cause 
clinical disease, the need to transfer animals between facilities, and the control mechanisms needed to 
exclude the agents. The Federation of European Laboratory Animal Science Associations (FELASA) 
has developed recommendations for which infectious agents to monitor and the frequency that monitor-
ing should be performed for mice, rats, hamsters, guinea pigs, and rabbits (Mahler Convenor et al. 2014), 
and this document can be helpful when developing an exclusion list. Tables 33.1 and 33.2 provide com-
mon pathogens excluded from mouse and rat barrier facilities, respectively.

In contrast to an SPF animal, a conventional animal is one that is raised in an environment that 
may have unknown microflora and may have an unknown disease status (Rahija 2007). These animals 

TABLE 33.1

Bacteria, Viruses, and Parasites That Are Commonly Excluded 
from a Mouse Barrier Facility

Bacteria

Cilia-associated respiratory bacillus

Citrobacter rodentium

Clostridium piliforme

Mycoplasma pulmonis

Salmonella spp.

Viruses

Hantaviruses

K virus

Lactate dehydrogenase–elevating virus

Lymphocytic choriomeningitis virus

Minute virus of mice

Mouse adenovirus (1 and 2)

Mouse cytomegalovirus

Mouse hepatitis virus

Mouse parvovirus

Mouse polyomavirus

Mouse rotavirus

Mouse thymic virus

Mousepox virus

Pneumonia virus of mice

Reovirus type 3

Sendai virus

Theiler’s murine encephalomyelitis virus

Endoparasites

Pinworms (Syphacia spp., Aspiculuris tetraptera)

Protozoa (Giardia muris, Encephalitozoon cuniculi)

Tapeworms (Hymenolepis spp.)

Ectoparasites 

Mites (Myobia musculi, Myocoptes musculinus, Radfordia affinis, 
Psoregates simplex)
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therefore do not necessarily need to be housed in barrier conditions. However, because unknown patho-
gen status can have unwanted results on research, most institutions are gradually phasing out the use of 
these types of colonies.

FELASA also has a working group for nonhuman primate health, which published suggestions 
for harmonized health management in 1998 (Weber et al. 1999). However, as these suggestions 
are in need of updating, more relevant publications exist that describe the SPF status for Macaque 
spp. (Morton et al. 2008). The need for SPF colonies is critical for preventing the spread of dis-
ease to human personnel, particularly as nonhuman primates harbor many zoonotic diseases (e.g., 
Mycobacterium tuberculosis and Macacine hervpesvirus 1). For this reason, SPF colonies usu-
ally exclude these organisms, in addition to simian immunodeficiency virus (SIV), simian type D 
retrovirus (SRV), and simian T cell lymphotropic/leukemia virus (STLV), as these present risks 
to investigators and can confound research results, especially for those studying SIV and AIDS 
(Morton et al. 2008).

For other animal species, health monitoring programs might not be as robust or organized; how-
ever, SPF criteria are still necessary to exclude adventitious pathogens. Restriction of these adventitious 
pathogens and parasites from the facility will increase research data reproducibility and reliability and 
decrease the risk of zoonotic transmission. FELASA has publications describing criteria for cats, dogs, 
and pigs (Rehbinder et al. 1998) and for small ruminants (calves, sheep, and goats) (Rehbinder et al. 
2000). With the increase in zebrafish populations in biomedical research facilities, health monitoring 
of this species is evolving. The same principles of health monitoring apply; however, due to the aquatic 
environment of fish, water quality, water source, and facility design must be considered. The Zebrafish 
International Resource Center (ZIRC) has responded with a description of adequate health monitoring 
for zebrafish (Kent et al. 2009; ZIRC 2009). For all these species, a reliable SPF vendor is the first step 
to ensuring animals that are free of adventitious pathogens and parasites.

TABLE 33.2

Bacteria, Viruses, and Parasites That Are Commonly Excluded 
from a Rat Barrier Facility

Bacteria

Cilia-associated respiratory bacillus

Clostridium piliforme

Corynebacterium kutscheri

Mycoplasma pulmonis

Salmonella spp.

Viruses

Hantaviruses

Kilham rat virus

Lymphocytic choriomeningitis virus

Pneumonia virus of mice

Rat coronavirus

Rat minute virus

Rat parvovirus

Reovirus type 3

Sendai virus

Toolan’s H-1 virus

Endoparasites

Pinworms (Syphacia spp., Aspiculuris tetraptera)

Protozoa (Giardia muris, Encephalitozoon cuniculi)

Tapeworms (Hymenolepis spp.)

Ectoparasites

Mites (Myobia spp., Radfordia spp.)
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Maintaining SPF Status

Periodic pathogen monitoring is necessary to detect changes in the health status of an animal colony. 
For example, no barrier is 100% effective, and frequent monitoring is essential to assess the health status 
of the animals within the barrier operation. Frequent monitoring allows the detection of breaches in the 
barrier facility, which can then be handled promptly. Monitoring, however, can be difficult, as many of 
the pathogens on the colony exclusion lists do not produce overt clinical signs in affected animals and 
would not be detected during daily health observations. While large animal species are usually sampled 
and tested directly for pathogens of concern on a regular basis, for small rodent species, such as mice, 
rats, and hamsters, the sampling can be complicated by the small size of the animals and potential 
procedure-induced stress that can affect research results.

To resolve some of these issues, animal facilities often employ sentinel animals that are deliberately 
placed in a particular environment to detect the presence of an infectious agent. As an example, dirty 
bedding may be transferred from research animals to sentinel animals on a frequent basis (during cage 
change). Any potential pathogens should be passed on, which will be followed by colonization or infec-
tion of the sentinel animals. These sentinel animals are then tested for the pathogens on the exclusion list 
on a regular basis through polymerase chain reaction (PCR), serology, parasitology, and/or necropsy, fol-
lowed by pathology. For rodents, one or two sentinel cages per rack allows indirect testing of the colony 
animals. However, soiled bedding is not adequate for the transfer of all pathogens on the exclusion list, 
especially airborne pathogens or ones that are present at very low levels. Soiled bedding sentinels are 
best utilized for pathogens with a fecal-oral transmission. Additionally, with the advent of individually 
ventilated caging (IVC) systems that maintain each cage in their own microenvironment, the trans-
mission of pathogens between cages has been dramatically reduced. Thus, IVC systems are good for 
maintaining bioexclusion but also decrease the transmission to sentinels, making detection of pathogens 
difficult if they exist in the colony (Brielmeier et al. 2006). Shek (2008) provides a thorough history of 
rodent health monitoring strategies, along with the impact of housing modalities.

In 2013, a major refinement in the serological monitoring of sentinel rodents occurred when dried 
blood spot (DBS) analysis was introduced. Only a single drop (~25 μL) of whole blood is needed to test 
a comprehensive panel of infectious agents, making antemortem sampling easy, reducing stress to the 
animal, and potentially decreasing the number of sentinels utilized (DePietro et al. 2014; Myles et al. 
2014). Recently, this method was further refined with the development of PCR testing for virtually all the 
pathogens on exclusion lists. Institutions are using PCR for confirmatory testing or to completely replace 
serology, as noninvasive samples such as fecal pellets, fur plucks, and oral cavity swabs are sufficient to 
test a comprehensive panel of infectious agents. In one study, when PCR testing of soiled bedding senti-
nels was compared with conventional health monitoring methods (parasitology, microbiology, and serol-
ogy), both methods failed to detect the same agents, Mycoplasma pulmonis, Pasteurella pneumotropica, 
and Giardia spp. (Henderson et al. 2013).

As the yield of pathogen detection with soiled bedding sentinels can be low and the work laborious, 
alternatives to this technique have been developed. To increase the transmission of airborne pathogens, 
housing systems that exhaust all cages on the rack to the sentinel cage have been developed. The combi-
nation of using exhaust air transmission and soiled bedding sentinels allowed for the detection of intes-
tinal flagellates, pinworms, and mouse hepatitis virus in a mouse colony; however, mouse parvovirus 
was not detected by either method (Brielmeier et al. 2006). Another technique uses PCR testing of the 
cage exhaust filter or plenum, which eliminates the need for sentinel animals, allowing a reduction in 
animal numbers. Filter testing was better at detecting Sendai virus and mouse hepatitis virus but was 
less successful at detecting mouse parvovirus in another mouse colony (Compton et al. 2004). Horizontal 
plenum testing can be utilized for fur mite testing, which is not reliably detected by soiled bedding sen-
tinels (Jensen et al. 2013). As the testing methods for monitoring colony health are frequently improving, 
the facility manager and veterinarian will need to determine which methods will work best to detect the 
adventious agents and pathogens of most concern to their colony.

Colony animals can also be cohoused with sentinels, which are referred to as “direct contact” sen-
tinels, to improve the transmission of pathogens, especially ones transmitted by aerosol, direct con-
tact, and urine transmission. If male mice are utilized, they should be castrated to prevent fighting and 
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pregnancy. After sufficient time, these animals are tested in the same manner as soiled bedding sentinels. 
In the study by Compton et al. (2004), all pathogens tested were efficiently detected by contact sentinels. 
However, a disadvantage of direct contact sentinels includes using many more animals, which results in 
increasing expense and the amount of labor required. For additional reading on colony animal sentinel 
programs, refer to Chapter 31.

Facility Operational Methods

Once an SPF list has been created, the next step is to delineate the ideal control measures to maintain 
this level of bioexclusion in the animal colony. Control measures include vendor selection, shipping, iso-
lation or quarantine, housing, facility design, transport, and use of the animals. These control measures 
are used in combination with the routine monitoring program to ensure that adventitious organisms are 
excluded from the facility (White et al. 1998).

Operation of facilities to maintain colony health can be separated into primary and secondary levels of 
preventing the introduction of unwanted agents. The primary level is the first line of defense in maintain-
ing bioexclusion. Equipment such as ventilated caging racks and biosafety cabinets or change stations to 
change cages is part of this primary level, along with the use of pertinent personal protective equipment 
(PPE), which differs based on the animal species and potential for introduction of infectious agents or 
pathogens. PPE such as gloves, hair bonnets, respiratory protection, boot and shoe covers, and lab coats 
or disposable gowns is used for coverage of exposed body surfaces, for example, face, eyes, hands, and 
hair, as well as exterior clothes. Although the use of PPE is an important consideration, the amount 
needed should be evaluated for each facility. Recent studies have shown that some PPE components do 
not appreciably improve and, in some cases, actually compromise attempts to maintain bioexclusion 
(Hickman-Davis et al. 2012; Baker et al. 2014).

Secondary levels include the design and construction of the facility, such as physical separations of 
functional areas and engineering controls. Examples of physical separations include doors to limit entry, 
anterooms to don and remove PPE, and shower-in capabilities. Engineering controls may consist of heat-
ing, ventilation, and air-conditioning (HVAC) systems and waste treatment systems (King et al. 1999; 
CDC 2009).

Flexibility incorporated into facility design can accommodate the needs of an ever-changing research 
environment, which may permit the ability to house different species (nonhuman primates vs. rodents) 
and animals of varying pathogen status (aerosol transmission vs. direct contact). Determining the opti-
mum room size that will accommodate multiple species will provide the facility manager with more 
flexibility to use the rooms for various uses and species. Room pressurization is also important in using 
rooms for bioexclusion or quarantine. A room that can be changed from positive pressure, for bioexclu-
sion, or negative pressure, for quarantine, can greatly increase the ability to accommodate different 
needs.

Facility surfaces should be easily sanitizable and decontaminated. Additionally, all floors, walls, and 
ceiling seams should be sealed to prevent incursions by feral rodents and insects. Foresight is necessary 
when designing a facility, as this will allow the institution to prepare for future needs. Specific informa-
tion about facility design can be found in Chapter 18.

Species Differences

Bioexclusion control practices differ with the species utilized in the facility. For mice, rats, and other 
rodents, the control of adventitious organisms in most facilities occurs at the cage level, as these ani-
mals are housed in static microisolators or individually ventilated cages. The ventilated caging systems 
frequently provide high-efficiency particulate air (HEPA)—HEPA filters exclude 99.97% of particles 
that have a size of 0.3 μm—to each individual cage and, depending on the type of ventilated caging, 
may also have a HEPA filter for the air leaving the cage. For a bioexclusion program, it is preferable to 
house rodents in a positively pressurized cage to prevent entry of adventitious agents into the cage. Room 
pressurization, as discussed above, should also be considered, depending on the agents of concern, the 
effectiveness of the caging system at isolation, and how the animals will be managed within the room.



800 Management of Animal Care and Use Programs in Research, Education, and Testing

While all caging needs to be sanitized, the bedding, feed, water, and enrichment may need to be ster-
ilized, depending on the level of the bioexclusion desired. This needs to be determined based on which 
agents are to be excluded, the health status of the animals (immunodeficient vs. immunocompetent), and 
the probability of the agent entering the colony via these routes.

For rodent facilities, anytime a cage needs to be opened—irrespective of whether it is for research 
procedures or cage change—there is a risk of compromising bioexclusion. This risk is best mitigated by 
handling the cage only in a Class II biological safety cabinet, laminar flow hood, or cage change station, 
and using an appropriate disinfectant agent on the cage and gloves of the handler. These different aspects 
of the animal program will need to be considered in the risk assessment process.

For larger species, such as dogs, pigs, and nonhuman primates, the bioexclusion control operates at 
the room level because the housing occurs in open caging or runs where contact between animals from 
different cages is possible. To maintain bioexclusion, air pressure differentials are set up between rooms 
and corridors. The building HVAC system is also utilized by controlling airflow at the facility level (e.g., 
moving air from the cleanest room in the barrier [surgery suite or clean cage wash] to the dirtiest room 
[necropsy or dirty cage wash]). In addition, cubicles can be used to isolate different groups of large ani-
mals in a single defined control area. These cubicles are each set at a negative air pressure to the room 
so as to ensure no cross-contamination of air between the groups of animals. However, once the door to 
the cubicle is open, the differential ceases to exist as it equates with the room pressure, and so only one 
cubicle door per room should be open at a time (White et al. 1998).

Outbreak Control

Prevention of adventitious pathogens is the key to a good bioexclusion program; however, if an unwanted 
adventitious pathogen or parasite is detected during colony health surveillance, the manager should 
address the situation quickly to decrease the chance of spread to the remainder of the colony. The 
urgency to address the breach and the decontamination process available will depend on the transmis-
sion characteristics of the agent detected. Additional information about specific agents can be found in 
Brayton et al. (2004), Clifford and Pritchett-Corning (2012), and Pritchett-Corning and Clifford (2012).

Initially, confirmation testing by a different testing method than originally utilized or other laboratory 
should be considered. If the positive test was found in a sentinel animal, the organism may no longer be 
detected in the research colony due to the time delay in health monitoring. Therefore, it can be difficult 
to identify the index animal. Once the pathogen has been confirmed, the suspected positive animals or 
room should be isolated so as to decrease the potential spread to other animals in the facility. Isolation 
can be established within the room, or animals can be relocated to a remote facility or room. If isolation 
is established in the room, modifications to the building or room function and procedural changes should 
be considered. If possible, room pressurization should be changed from bioexclusion to quarantine to 
prevent possible spread at the room level. Additional containment practices should all be considered to 
prevent spread of the agent as a fomite or directly on a contaminated animal. These include restricting 
personnel entry, limiting animal movement into and out of the room, and procedural measures, such as 
bagging and decontaminating dirty supplies out of the room. The procedures implemented will depend 
on the transmission characteristics of the agent and continued access to the animals in the room.

Once isolation has been established, the facility leadership will need to determine how to resolve the 
situation. Once the agent has been confirmed, the options are usually to treat, cull, or rederive the ani-
mals. The same group of individuals that participated in the risk assessment process and in the creation 
of the SPF criteria can be assembled to develop a plan for returning the room to SPF status. This group 
can help to balance the animal and research needs of the facility.

If treatment options are available, these can be pursued as long as they are feasible and will not affect 
the research at hand. After an adequate course of treatment, testing must be redone to ensure negative 
results and elimination of the organism. Some organisms can be “burnt out” by halting breeding and 
introductions of new animals to the colony. This option is limited to those agents that either do not 
persist in the environment or transmit via placental transfer. Culling the whole facility or room may be 
required for select organisms when this is the only acceptable method (e.g., zoonotic organisms). Culling 
the affected animals also may be the most efficient option when the postcontamination research value is 
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limited and the animals are readily available from a commercial vendor. Rederivation, either by cross-
fostering or embryo transfer, is the mechanism most commonly used for rodents; however, it requires 
technical proficiency, time, and ample funds (White et al. 1998).

Biologics

Besides live animals, biological materials, including blood products, cell lines, and other tissues derived 
from or passaged in rodents, are also transferred frequently between institutions. Once these biological 
agents are introduced into living mice, they become potential vehicles for pathogens. Consequently, 
pathogen testing of biologics must be done before they are introduced into live animals in the barrier 
facilities. This type of testing is provided by many commercial vendors using PCR technology. There 
has to be a fine balance between the frequency and requirement of testing so as to avoid unnecessary 
costs while still ensuring that the animals maintain their SPF status. As such, a risk assessment should 
also be completed for use of these types of materials. This type of assessment is detailed in the Peterson 
article (Peterson 2008).

Animal Import

Approved commercial vendors should be identified that have the same or superior health status as the bar-
rier colony animals. However, researchers may need to use animals from nonapproved vendors, such as 
other biomedical research institutions. Depending on their health status, when these animals are imported 
into your facility, they may need to enter an import quarantine. As the exclusion list varies widely between 
different institutions, this decision to quarantine or not can be a difficult one. Therefore, FELASA has devel-
oped a tool where “the main objective … is to harmonize health monitoring (HM) programs (i.e., design-
ing, sampling, monitoring, reporting and interpreting) which will help to improve knowledge about the 
microbiological quality of animals used in research and to meet scientific, legal, and welfare requirements” 
(Mahler Convenor et al. 2014). In addition, a FELASA–American Association for Laboratory Animal 
Science (AALAS) joint working group has been established to determine whether a common health report 
can be utilized for international transfers. This group has developed a customizable spreadsheet for health 
report formatting that can be used to exchange this information (Pritchett-Corning et al. 2014).

Once the health status of the new shipments can be ascertained, the suitability of these animals for 
entry into the colony must be determined. This is often done by comparing the quarantine results to 
established health criteria (i.e., the SPF list). Further discussion regarding evaluating and maintaining 
health status can be found earlier in this chapter, as well as in other references (Rehg and Toth 1998; 
Lipman and Homberger 2003; Roberts and Andrews 2008).

If the health statuses do not match, an import quarantine can be used to determine the pathogen status 
of newly arrived animals to determine if and when they can enter the colony and what actions might be 
needed to allow for their entry. Therefore, newly arrived animals are commonly isolated from colony 
animals during a quarantine period to evaluate for evidence of disease and infectious agents that are 
excluded from the current colony. To protect the existing colonies, the imported animals are usually 
placed in containment at the cage level or the room level, depending on the species and risk. Rodents 
are often tested or prophylactically treated for parasites (e.g., pinworms and fur mites) and tested for 
evidence of adventitious agents by serology, parasitology, and/or PCR. Larger animals may be tested and 
treated for common bacterial and parasitic infections and vaccinated if necessary. Nonhuman primates 
screening varies by species, but typically includes an evaluation for tuberculosis, and possible viral (e.g., 
Macacine herpesvirus 1 and retroviruses), bacterial (e.g., Shigella sp.), and parasitic agents. A more 
detailed discussion regarding primate import quarantine is available elsewhere (Kramer et al. 2012).

One refinement to the practice of live animal import quarantine, used primarily for rodents, involves 
the importation of cryopreserved embryos or sperm. This alleviates the need to ship live animals, which 
reduces stress to the animals and potential contamination during shipment. Rederivation using embryo 
and/or sperm, however, does not eliminate all adventitious pathogen concerns, as contamination of these 
tissues with mouse parvovirus (Agca et al. 2007) and endogenous ecotropic murine leukemia viruses 
(Hesse et al. 1999) has been documented. However, some agents, including ecto- and endoparasites, 
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are eliminated completely, and the risk of others is greatly reduced. The testing of these tissues must be 
similar to the testing of biological material for contaminants (described above), which is likely to be less 
involved and lower in cost (Kelley 2010).

Isolation

When a few cages of rodents need to be isolated due to a disease outbreak or other situation that results 
in their health status being questioned, isolators can be used instead of standard caging. Many styles 
of isolators exist, but the most common for rodents are the semirigid and flexible film isolators. All 
equipment and materials entering the isolator are disinfected or sterilized to ensure that they are free of 
adventitious microorganisms. Isolators, which have air HEPA filtered in and out, provide bioexclusion 
properties provided there is no break or tear in the isolator. The use of isolators adds a lot of flexibility to 
a bioexclusion program (White et al. 1998).

With the increase in technological advances in research techniques and equipment, such as imaging, 
there has been an increase in demand for temporarily housing animals from other institutions for very 
short durations (e.g., 1–2 days). While some of the animals could go through the import quarantine pro-
cess, some studies are time sensitive, and therefore would be invalidated if the animals were required to 
be quarantined. Institutions should consider how to accommodate these studies and what pathogen test-
ing methods are necessary to protect the animal colony from adventitious agents. A containment room 
with the appropriate controls in place can be beneficial, as this will allow research procedures that may 
not usually be performed. It is important to consider how these animals of unconfirmed health status will 
be contained within the isolation room. Additionally, their transport and use in procedural equipment 
rooms, such as MRI or computed tomography (CT), will also need to be contained to prevent possible 
contamination of the equipment with an adventitious pathogen.

Special Considerations

Immunodeficient Animals

Immunodeficient rodents, such as athymic nude, Nod SCID gamma, SCID, and Rag 1 mice strains, or 
any animal subjected to irradiation or immunosuppressive treatments must be protected from adven-
titious agents. These animals must also be protected from several other opportunistic infections that 
may not affect immunocompetent mice. In particular, immunodeficient mice are very susceptible to 
Corynebacterium bovis. This organism is a ubiquitous, opportunistic pathogen that typically only causes 
disease in immunodeficient mice, which is commonly called “scaly skin disease.” Mice with this condi-
tion exhibit transient yellow-white keratin flakes adherent to the skin. These mice are usually persistently 
infected, and while morbidity is high, mortality is usually low (Burr et al. 2011). This is in contrast to 
Pneumocystis, which causes a chronic progressive pneumonia in immunodeficient mice and rats that 
can lead to death (Shek et al. 2015). To prevent opportunistic agents, immunodeficient mice are usually 
housed under barrier conditions, which involve IVC systems, intensive management procedures, auto-
claved feed and/or water, and restricting entry to only essential individuals (Foreman et al. 2011). This 
will ensure their longevity as appropriate research models.

Immunodeficient large animals are more difficult to protect from opportunistic infections because the 
specialized caging for rodents is not readily available for larger species. In animals that will be used in 
immunosuppressive studies, managers should consider the use of SPF species and screening for opportu-
nistic infections during quarantine (Wachtman and Mansfield 2008). Further protection of these species 
relies on practices such as isolation to limit the possible spread of opportunistic agents, good sanitation 
practices, and the use of PPE (Wachtman and Mansfield 2008).

Gnotobiotic Animals

Axenic, also called germ-free, animals are free of all organisms (bacteria, viruses, fungi, protozoa, and 
other parasitic life-forms) that are currently detectable. Gnotobiotic, also called defined flora, animals 
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are those that have a known flora that is closely controlled (Rahija 2007). These are typically bacterial 
organisms that have been introduced to germ-free animals for a specific research purpose. There are sev-
eral different species that have been maintained gnotobiotic; however, the mouse and swine are the most 
frequently used in biomedical research. The use of germ-free and gnotobiotic mice has gained renewed 
interest recently, as more researchers are looking at the complex interactions of the microbiome and the 
host, and how these interactions influence physiologic pathways in health and disease.

Gnotobiotic animal colonies require rigorous management and housing practices to maintain the 
health status of the colonies. These animals are typically housed in sterile semirigid or flexible film iso-
lators with all materials (food, water, bedding, and research materials) being sterilized prior to entering 
the isolator. Strict attention to procedural details and frequent monitoring of autoclave performance are 
critical to maintaining the health status of the animals in the isolator. To maintain this level of exclusion, 
several steps for monitoring contamination of the isolator must occur, including daily visual inspection 
for damage, periodic microbiological culturing, and pathogen monitoring. The frequency of monitoring 
should be based on a risk assessment of the likelihood of contamination of the isolator (Rahija 2007).

Administrative Considerations

Maintaining a bioexclusion program requires a significant amount of administrative management, 
including the establishment of written procedures, requirements for training and documentation, and 
methods for ensuring compliance. Animal facilities should create programs that are clearly described 
and communicated, and program requirements for documentation and compliance should be straightfor-
ward and easily understood.

Access Control

Controlling access to different areas of the program allows managers to segregate animal colonies based 
on animal health status, as described earlier in this chapter. Access control involves several methods to 
segregate different areas within a facility, including signage, physical controls (lock-and-key systems, 
electronic door cards, and retina and fingerprint scanners), and security personnel. This allows access 
only to personnel who are properly trained and have completed the necessary medical clearance, pre-
vents the spread of adventitious pathogens, and restricts unwanted entry from individuals not involved in 
the animal care program. Electronic control systems are also advantageous, as they provide a record of 
time and location of all entries and exits from the facility. The complexity of the security design depends 
on the size of the facility, location (city vs. rural), and type of research being conducted (NRC 2011). 
Security can be enhanced by providing video cameras that record entries, exits, and activities of person-
nel within the facility.

SOPs and Policies

Standard operating procedures (SOPs) are essential for maintaining bioexclusion in a laboratory ani-
mal research facility. All procedures—from how to quarantine import animals to regular cage change 
operations in a barrier facility—should be standardized to ensure uniformity. Step-by-step directions 
should be written by the personnel who are actually conducting the procedures to ensure that operating 
procedures are clear and in accordance with best practices. An active SOP program requires new person-
nel to be trained on SOPs, periodic revision of the SOPs and retraining, and development of new SOPs 
as necessary. The National Institutes of Health (NIH) FAQ website recommends that “SOPs should 
be reviewed by the IACUC at appropriate intervals (at least once every three years) to ensure they are 
up-to-date and accurate” (OLAW 2015). As SOPs are required to ensure regulatory compliance, the 
IACUC is responsible for oversight of the program and evaluating the effectiveness (NRC 2011). It is 
essential to have the SOPs readily available to all personnel, possibly including research investigators to 
ensure compliance. An electronic system is recommended, as it allows controlled access and the ability 
to easily update when revisions are necessary.
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In an outbreak situation, when an adventitious pathogen has been detected, SOPs become even more 
important as temporary methods are put in place that might modify the standard procedures. It is nec-
essary to ensure that all personnel who enter the facility, from the personnel that grant access to the 
mechanical staff, are aware of the new procedures. Social media sources, such as departmental website 
blogs, can be a good tool to disseminate this type of information. This allows research investigators to 
ask questions and voice concerns if necessary. If the outbreak occurred due to a lapse in following an 
established SOP, the document should be critically reviewed to ensure accuracy and retraining should 
occur for compliance.

Training Program

SOPs are the building blocks of any training program. Therefore, it is imperative that the training on 
SOPs is adequate and refreshed periodically. The training program should be tweaked to provide the 
necessary guidance for the different personnel who enter an animal facility. Overall, all personnel who 
enter the research facility must be fully trained on all aspects of a bioresearch facility. Procedures to 
maintain bioexclusion—such as how to don the proper PPE, follow the facility entry order, and perform 
decontamination procedures—are especially important for maintaining the facility health status. All 
initial and refresher trainings need to be documented appropriately. An electronic format is ideal to 
document training, as it can be easily updated and multiple users can log in to check the progress of an 
individual’s training status.

Communication

Departmental websites are often the best method of communicating items such as the exclusion list and 
current SPF status of the colonies to the research staff. This allows the information to be utilized by 
the research staff at the institution, as well as external institutions that plan on receiving animals from 
your institution. If the institution has rooms with different pathogen statuses, this information should be 
clearly defined on the website. This list should be updated as changes are made to ensure that it is always 
up to date. Research staff should be familiar with the exclusion list, as there might be individuals that 
require a more stringent SPF status due to their research interests. For example, if a researcher is study-
ing Staphylococcus aureus, he or she would not want to receive animals infected with this bacterium. 
Therefore, this information should be communicated to the personnel involved in animal ordering.

Summary

Maintaining animal colony health requires routine assessment of the health status of the animals. When 
the health status changes or new threats to the health status emerge, the manager has to know how those 
risks can be mitigated within the facility. A clear understanding of the capabilities of the facility design 
(e.g., HVAC, access control, and pressure differentials), caging systems (e.g., standard vs. ventilated), 
research equipment (e.g., biological safety cabinets, autoclaves, and isolators), and husbandry and man-
agement practices used to contain or exclude agents (e.g., disinfectants, SOPs, and training) is vital. 
Management practices such as quarantine and isolation procedures must be balanced with the needs of 
the research studies. This balance is best accomplished through an ongoing discussion and risk assess-
ment process as new challenges arise.
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34
Surgery

Randall R. Clevenger, Jan Bernal, Michael Talcott, Teresa R. Gleason, 
Tracie Rindfield, and Robert F. Hoyt, Jr.

Overview and Background

The role of a surgical facility manager (SFM) within a laboratory animal surgical facility, or surgery 
department, has changed significantly over the past 15–20 years. Historically, because of their advanced 
training and experience, veterinarians were usually involved in managing surgical facilities in a research 
environment. However, in recent years, because of increased veterinary animal care and use responsibil-
ities, in some instances this has resulted in nonveterinarians assuming that role. In either case, a present-
day SFM should have both knowledge and skills in a number of important areas to be successful. These 
include a comprehension of procedure scheduling, budget management and billing, equipment mainte-
nance, procurement and inventory management, employee management, training of personnel and inves-
tigators, animal and data record maintenance, standard operating procedures (SOPs) development, and 
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active involvement in facility maintenance and renovation projects. In addition, the SFM may even serve 
as a principal investigator (PI) or coinvestigator for studies. Another key to success for the SFM is to have 
excellent interpersonal skills. For either the veterinarian or nonveterinarian SFM, it may take a number 
of years through both experience and specialized training to acquire this knowledge and skills. In those 
facilities where the SFM is a nonveterinarian, there should be a close working relationship between the 
SFM and the facility veterinarian to ensure that all animal care and use activities are appropriate.

Surgical facilities or departments can vary greatly in the types of procedures performed, species of 
animals utilized, and support roles of the facility staff. At one end of the spectrum, the facility may be a 
support service for other divisions within an institution, providing only the facility, equipment, supplies, 
and anesthesia support and postoperative care for investigative staff that perform their own surgeries. At 
the other end, the facility may serve as a contract full-service provider, and handle every aspect related 
to a surgical study. Depending on where within this range a particular facility may fall or function, there 
can be a plethora of differences in required SFM expertise and equipment needed. Those facilities that 
perform full-service support for surgical procedures are similar in function to a human surgical and 
intensive care facility. In a facility where all support functions are within the same department, there is 
the opportunity for a close working relationship between the surgical facility staff, the investigators, and 
other specialized departments. Developing such relationships and then having staff members from each 
group involved in the presurgical planning phase can be a great benefit for the successful outcome of a 
surgical study (National Research Council 2011). However, when multiple other departments or facilities 
(magnetic resonance imaging [MRI], computed tomography [CT], etc.) or groups from outside the insti-
tution are involved in the surgical study, schedule coordination and animal transport can become more 
complexed for the SFM. In either case, the SFM should provide clear communication, coordination, and 
organization to all parties involved to help ensure successful completion of these projects. In addition, 
the SFM should be able to assess and allocate the resources between large numbers of requests for surgi-
cal services and organize and plan accordingly. Scheduling support staff, facility space, equipment, and 
time can often be quite challenging for the SFM to provide equitable resources for multiple concurrent 
studies. This can sometimes result in potential conflicts when there are several studies or investigators 
competing for these same resources or time slots. SFMs must also have good organizational, interper-
sonal, and communication skills, and an in-depth knowledge of the requirements for each study being 
supported; function as a business manager; and be a problem solver to overcome these conflicts. This 
chapter briefly covers key areas that may fall into the responsibilities of the SFM, and includes protocol 
and surgery planning, components of the surgical facility, instruments and equipment, applicable federal 
and state regulations, record keeping, budget management and billing, SOPs, surgical procedures and 
postoperative care, and training.

Protocol Planning

When any animal protocol involves a surgical procedure, it is a good idea to have the SFM involved early 
in the protocol development process and prior to submission to the Institutional Animal Care and Use 
Committee (IACUC) for review. During this preprotocol planning, the SFM can provide insight to the 
PI on a number of topics, including animal regulatory and welfare requirements with respect to surgical 
procedures, and the ethical and legal obligation for minimizing pain and distress in laboratory animals. 
Prior experience by the SFM can also assist the PI with refining surgical techniques and postoperative 
care in order to help minimize the pain and stress of the animals. This preplanning period will help 
identify any gaps in experience and expertise of the staff, allowing for scheduling and conducting train-
ing sessions for researchers or technical staff to address any shortcomings prior to the initiation of a new 
study. The topics of anesthesia and perioperative monitoring, specialized surgical techniques, and who 
will provide such training should specifically be addressed. This is especially true when the procedures 
are being performed on rodents, as investigators often now want to perform procedures on rats and mice 
that were previously only performed on pigs or other large animals. As such, specialized staff training in 
microsurgery and rodent support equipment may be needed (Hoyt et al. 2001a).
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SFMs may also have developed SOPs for specific types of surgeries that can be quickly incorporated 
by the PI while writing the protocol. This is extremely valuable as investigators (PhD investigators, phy-
sicians, dentists, and even veterinary scientists) may lack extensive animal surgical experience or may 
not be familiar with species differentiations, such as anatomical differences, drug interactions or dos-
ages, and appropriate materials and correspondingly sized equipment and supplies. Combining facility 
SOPs with the SFM’s experiences and knowledge can greatly assist the PI with developing and writing 
the surgical portion of a protocol. At a minimum, the SFM should be familiarized with an upcoming 
surgical study, ensuring the standardization of drugs, dosages, and other species appropriate supplies are 
available within the facility.

When a new study involves a novel or complicated surgical technique, a pilot study may be useful 
to develop or perfect the procedure. In this situation, the SFM can provide valuable information to the 
PI based on his or her experiences with the species and techniques involved. The SFM can also pro-
vide guidance to the PI on anticipated pain and distress for a particular surgical procedure to ensure 
that appropriate anesthetics and analgesics are used and administered in the appropriate timeline based 
on the species, surgical procedures performed, and additional factors pertinent to the success of the 
surgical procedure or study objectives, such as age or health status (National Research Council 2009; 
NIH/OACU 2016a). Although a facility may have standard anesthetics and analgesics protocols that 
are routinely used, each study should be evaluated independently. Appropriate anesthetics and anal-
gesics should be used and approved by the IACUC, including the type (opioid, local, nonsteroidal 
anti-inflammatory drugs [NSAIDs], etc.), dose requirement, administration schedule, and duration for 
appropriate analgesia. It should be noted that certain drugs may be identified during this preplanning 
phase that could be contraindicated for use on a study, as they may impact the data. As such, alterna-
tive drugs can be suggested before protocol submission and the study begins. Other, nonpharmaceutical 
techniques and procedures should be considered for additional relief of pain and distress, and should be 
included during the protocol planning phase, as modification of the postoperative care and pain assess-
ments may be necessary. Softer or extra bedding material can be provided, and dim lights or cage cover-
ings can provide a more soothing environment for surgical recovery. Palatable feeds or flavored liquids 
can help maintain hydration and nutritional support following surgery (Kohn et al. 2006). Depending 
on the impact that the surgical procedure may have on an animal’s ability to access food or water, an 
IACUC-approved exception may need to be made for placement of food or water in a container on the 
cage floor, especially for rodents.

Another important component of the preplanning period is the SFM’s role in assisting investigators 
with the study cost estimates, having prior knowledge of animal purchase prices and animal housing 
per diem charges for the intended species. He or she should also be able to provide a good estimate 
of the surgery and postoperative costs, the necessary support equipment and surgical supplies, and 
required support staffing. This can assist the PI with anticipating the overall cost of a study even if 
the number of animals or the species changes. An experienced facility manager, in concert with the 
facility veterinarian, can provide a variety of possible options to the PI during the protocol planning 
phase.

Surgery Planning

Following IACUC approval of an animal study protocol, detailed planning for the commencement of sur-
geries should proceed. It is during this time that (1) animals are identified and/or procured, undergo any 
quarantine requirements, and are acclimated; (2) supplies and equipment are identified and/or acquired; 
and (3) additional staff and investigator training is conducted in preparation for a new study. It is highly 
recommended for the SFM to initiate scheduling a presurgical planning meeting with all parties involved 
with a study (National Research Council 2011). This provides the opportunity to determine the roles of 
all individuals involved; convey scheduling procedures, responsibilities, and requirements; develop a 
plan for any required training; identify and resolve equipment requirements; and answer or address any 
questions, issues, or concerns.
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Personnel Roles and Responsibilities

Prior to initiating surgical procedures on a new study, the responsibilities of each participant should be 
clearly established. These include what tasks the PI and his or her staff will handle, the responsibilities of 
the surgical technical staff, and the responsibilities and obligations of the SFM. These assignments may 
vary greatly between studies, PI groups, and even facilities, but each group or participant understanding 
their responsibilities, as well as being mindful of the other’s responsibilities, is paramount to the success 
of the surgery, animal welfare, and study objectives. Knowing the roles and responsibilities in advance 
minimizes near misses and confusion during the start of the surgical procedures. In addition, scheduling 
a practice or walk-through session with all participants, prior to the first scheduled procedure, can help 
identify any unforeseen issues and solidify each member’s role.

Surgical Supplies and Equipment

A detailed list of supplies and equipment to support each surgical experiment should be generated prior to 
initiating the first procedure. Such a list will identify if additional equipment is required and/or needs to 
be purchased. It is quite useful for the SFM to have a thorough understanding of the procurement system 
within the institution, including timelines and procedures required to order and receive supplies to accu-
rately plan and schedule procedures. Should equipment need to be purchased, especially expensive capital 
equipment, it is important to understand that the acquisition or procurement process may have a signifi-
cant impact on starting a study due to the additional time or requirements to acquire. An SFM might have 
an option to borrow equipment for a particular study based on personal contacts and the size and/or affili-
ations of the facility or institution. Having outside or network-acquired contacts can also often prove to be 
a valuable resource for managers. As such, it is important to explore all options. If the supply list includes 
items that are not normally stocked within the facility and must be specially ordered, additional lead time 
required to receive them must also be appreciated. It is also important to note that occasionally, specific 
required items may not be commercially available and need to be either custom-made or made in-house. 
This is especially true when dealing with small catheters to be used in rodents. The ability to evaluate 
their staff’s knowledge and skills or utilize contacts to be able to develop or acquire these items should be 
in the repertoire of SFMs. It is important for a manager to learn about the surgical industry, and to have a 
working knowledge of suppliers for the majority of supplies required, including nonstandard items.

Scheduling of Procedures

The facility should have guidelines in place for the process of scheduling surgical procedures, and pro-
vide these requirements to each investigator during the planning and development of their study. Except 
for emergency procedures, surgeries should be scheduled in advance to allow for scheduling of staff, 
equipment, and facilities, and provide for optimum animal care and welfare. Last-minute scheduling can 
put undue stress and anxiety on the staff and increases the risk of inadequate and incomplete prepara-
tion. Consideration in the surgical scheduling process should be given to providing appropriate time 
between surgical procedures to allow for restocking of supplies, postsurgical sanitation procedures, and 
staff to reenergize. If multiple procedures are scheduled per day, additional consideration and planning 
may be necessary to have the additional required staff, surgical supplies, medications, instruments, and 
equipment available, highlighting the critical nature of advanced scheduling. Setting a schedule for sur-
gical procedures must also account for any preparatory time required for presurgical activities. These 
routinely include medication pretreatments, preoperative animal fasting (if required), scheduling of ani-
mal transportation, specialized study-related diets, anesthetic and surgical records generation, age-based 
study timelines, and previous related surgical procedures. In order to provide adequate time for appropri-
ate surgical preparation, scheduling several weeks to months in advance is usually required, depending 
on the facilities demand. A single point of contact actually scheduling the procedures is important for 
avoiding schedule conflicts, but a universal or facility-wide visible surgical calendar (web-based online 
scheduling system or calendar or magnetic or dry-erase board) is a valuable asset to aid in scheduling, 
especially when supporting multiple simultaneous studies, research units, or PIs.
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Animal Transportation

Another factor to consider during the surgical planning is the housing and transportation of the animals 
prior to and following surgery. Ideally, the animals should be housed in close proximity to the surgical 
area, but this arrangement may not be available in many institutions. Extended transport time or distance 
can add undue stress to the animals prior to surgery. Depending on where the animals are housed, this 
may require additional personnel not routinely responsible for surgery-related procedures to be involved. 
If the animals are housed in the same facility where the surgical area is located, and the same technical 
staff members are performing surgical support and technical services, communication about the surgi-
cal procedures and postoperative care is simplified. However, if the animals are housed in a separate or 
remote facility, clear and concise communication with the appropriate personnel is critical. The housing 
facility and staff must be aware of the surgical schedule and related tasks, such as fasting procedures, 
presurgical treatment, arranged transportation pre- and postoperatively, postoperative care, and anal-
gesic administration. It may also be necessary to arrange transportation with an additional group, and 
ensure that the necessary requirements are met while transporting the animals, such as appropriate cag-
ing, environmentally controlled vehicles, and separation of species. For surgical procedures involving 
nonhuman primates, the issues can be more complicated, as anesthesia or sedation during transportation 
is often necessary. During these procedures, anesthetic times can be prolonged, leading to additional 
potential complications. Animal transport should be arranged to minimize holding times and allow 
for adequate preparation by the technical staff prior to surgery. Return transportation postoperatively 
requires detailed communication between the surgical facility staff and the transportation and housing 
facility staff. This may include information about the surgical procedure, potential complications, post-
operative care required, and the continuation of medications or treatments, depending on the organiza-
tion. The surgical facility should have a thorough understanding of these processes and ensure that this 
information is being communicated.

Personnel Training

With the start of any new study or the addition of new staff, there will be a requirement for training. 
The training requirements will vary depending on staff experience and the procedures involved. Having 
qualified, experienced staff to support the surgical procedures is one of the most critical aspects of the 
planning process. Some institutions have dedicated staff available for the various portions of the surgical 
procedures, including preoperative preparation, anesthesia monitoring and support, surgical assistance, 
surgeons, and postoperative care. Other facilities have staff members that are trained in all these aspects 
but are not dedicated to these roles. They perform the surgery-related duties as part of their job descrip-
tions. The skill set required for each of the roles directs the type of training needed to be addressed in 
the training program. Whether training all staff in every aspect of the surgical procedures or training 
individual groups on separate portions, the type of training and the amount of time required must be 
incorporated into the planning phase.

Surgical Facility

Requirements for the physical plant of a surgical facility are outlined in the Guide for the Care and Use of 
Laboratory Animals, and vary depending on the species used. Although an SFM may not have the oppor-
tunity to be involved in designing a facility, he or she should be aware of the requirements to effectively 
manage the facility. It is a good idea for the SFM to be involved in the planning and oversight of a renova-
tion or modification of the facility as part of the team including veterinarians, technicians, researchers, 
engineering and architectural professionals, and facility operations personnel. Having such input from the 
staff who will be working in it often provides a good functional perspective. The principal components of 
a well-designed surgical facility are similar to those for the design of human operating rooms. “For most 
surgical programs, functional components of aseptic surgery include surgical support, animal prepara-
tion, surgeon’s scrub, operating room, and postoperative recovery” (National Research Council 2011). All 
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survival surgeries must be conducted under aseptic conditions in dedicated surgical suites or approved 
work areas. For large animal survival surgery, a dedicated surgical suite is required and separation is best 
achieved by physical barriers or separate rooms. Nonsurvival, minor, or emergency surgery, and rodent or 
nonmammal surgery can be accomplished by distance separation of the surgical space from other activi-
ties, and performed in a work area that is dedicated only to surgery during that period (Bernal et al. 2009).

When designing a new surgical suite or renovating an existing one, special attention should be given to 
unique requirements of the operating rooms. These include appropriate room and surgical lighting; heating, 
ventilation, and air-conditioning (HVAC) requirements; adequate electrical outlets and space for surgical 
and support equipment; medical gases, such as oxygen, medical air, or other gases to support anesthesia, sur-
gical procedures, and equipment; anesthetic gas scavenging; and vacuum. Surgical lights should be such that 
they are ceiling mounted, have movable arms, generate low heat to the surgical field, and have light-beam-
focusing capabilities. A backup electrical system (generator) or an alternate backup plan should be developed 
in the event of an electrical outage during surgical procedures in order to maintain the surgical patient.

The facility should be designed in a manner that will allow for easy disinfection and prevention of 
bacterial contamination. The use of mobile equipment facilitates decontamination of the operating area 
by allowing the room to be emptied prior to cleaning. Control of contamination and ease of cleaning 
should be key considerations in the design of a surgical facility (National Research Council 2011). Room 
lights should be recessed, flush mounted, and sealed to protect against moisture and vermin. Ceilings, 
walls, and other interior surfaces must be durable, smooth, impervious to moisture, and easy to clean. 
Floors should be made of nonslip, nonconductive materials, containing no joints or seams. Dedicated 
sterile surgery suite maintenance should include regular room cleaning and disinfection based on the 
activity and use of the room.

Dedicated operating rooms should be maintained under high-efficiency particulate air (HEPA) filtered 
positive-air-pressure ventilation, doors should remain closed to the greatest extent possible, and person-
nel movement into and out of the room should be minimized during a surgical procedure (Schonholtz 
1976; Fitzgerald 1979; National Research Council 2011). The operating rooms should be positive to 
the other areas, including animal prep and surgeon scrub, and should have 15–20 air changes per hour 
(ASHE 2017). These approaches, along with the integration of HEPA-filtered supply air, can aid in the 
reduction of infections, by reducing the number of microbes being introduced into the rooms. The facil-
ity should implement a method to ensure that these areas are maintained at positive pressure by either a 
monitoring system or periodic smoke testing. In some instances, such as surgical procedures that involve 
the use of biohazardous or infectious agents, having a controlled system that allows conversion from 
positive to negative operating room pressures may be advantageous.

Animal Preparation Area

The animal preparation area should be in close proximity, but separate from the operating area. 
Requirements for the prep area will vary, depending on the species being used and the type of proce-
dures. Large animal prep must be an area outside of the operating room, but rodents and nonmammals 
can be prepped in the same room where the surgery will occur, as long as the prep area is separate and 
at an appropriate distance from the surgical space to prevent contamination from hair and dander (NIH/
OACU 2016b). The area should provide adequate room to work around the animal, and accommodate 
the equipment and supplies necessary for the species and procedures. Sufficient countertop, cabinet, 
and drawer storage space is needed to keep prep supplies readily available. A variety of equipment 
will be necessary and may include a preparation table or tub with a surface appropriate for the size of 
the animals; clippers for hair removal; a laryngoscope for intubation; supplemental heating, such as a 
circulating water blanket, forced-air warmer, or infrared warmer; patient monitoring equipment; a gas 
anesthesia machine; additional lighting; and ample electrical outlets to power all equipment.

Surgeon Preparation Area

Operating room personnel should change into scrub suits or similar surgical clothing in a locker room or 
similar area. Surgical caps, masks, shoe covers, and other protective apparel, as required by the facility, 
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should be available and donned prior to entering the operating room for a surgery. In addition, a separate 
area is needed for the surgeons to scrub hands and arms immediately prior to gowning and gloving to 
perform surgery. The location of the scrub area should be separate from the surgical room and animal 
prep. Surgeons should scrub at a sink that does not require contact with their hands to start or stop 
the water flow, and should use accepted hand and arm surgical scrub practices. A newer alternative is 
now available and Food and Drug Administration (FDA) approved for use in human operating rooms. 
Waterless chlorhexidine- and alcohol-based hand antiseptics can be used instead of water, but should still 
be used outside of the operating room, in the designated surgeon prep area.

Surgical Support Area

The surgical support area is designed for cleaning and sterilization of instruments and for storage of 
instruments and surgical supplies. Sufficient countertop space should be available in a location con-
ducive to assembling and wrapping instrument packs. Depending on the scope of the surgical facility, 
instruments may be cleaned manually using a sink, or for larger quantities, an ultrasonic instrument 
cleaner may be desired. Regardless of the cleaning method, instruments should be free of blood, tis-
sue and other contaminates, and dried appropriately. Instruments should be soaked in instrument 
milk to lubricate and provide corrosion control. Sterilization can be accomplished with small tabletop 
autoclaves or cold chemical sterilizers for small quantities of instruments, or may require full-sized 
autoclaves when large instrument packs need to be processed. Ethylene oxide (EtO) and vaporized 
hydrogen peroxide (VHP) sterilizers are also effective options for surgical instruments or other items 
that cannot withstand the high temperatures of steam. EtO is highly flammable, and both EtO and 
VHP pose health risks, requiring extra safety precautions and specialized installations when using 
these sterilizers. Institutional safety personnel should be consulted if planning to utilize this type of 
sterilization. Storage space in this support area is crucial due to the intensity of the instrument and 
supply processing activities. Storage is necessary for sterile surgical packs and surgery supplies, extra 
nonsterile instruments, supplies for processing instruments and packs, and immediate use supplies 
(drugs, fluids, suture materials, sterile packs, drapes, gowns, gloves, etc.). Although not required, large 
facilities should consider a bulk storage room that may be separate from the instrument processing 
area, to allow the purchase of bulk supplies. Small quantities need to be stored for immediate use in 
the instrument area or cabinets in other rooms where they are used. A bulk storage room can also 
be used to store extra equipment (anesthetic machines, ventilators, patient monitors, mobile surgical 
lights, electrocautery units, etc.) that are not needed in the operating room for certain procedures 
(National Research Council 2011).

Postoperative Recovery Area

The postoperative recovery area is a critical part of the facility design necessary for the success of 
complex surgical studies. This area “should provide the physical environment to support the needs of 
the animal during the period of anesthetic and immediate postsurgical recovery and should be sited to 
allow adequate observation of the animal during this period” (National Research Council 2011). The 
equipment and space requirements will vary depending on the species and surgical procedures. To aid 
in successful recovery, necessary equipment and supplies should be available for care of the patient 
and the area should be designed with the ability to observe, evaluate, and monitor the patient. In some 
cases, intensive care units and additional equipment may be required, such as warming units (forced-air 
warmer, heat lamp, circulating warm water blanket, etc.), oxygen source, and monitoring equipment. 
For some procedures, 24-hour monitoring and care may be necessary. In these cases, it is critical that 
this possibility is addressed prior to the initiation of the surgery to ensure that the appropriate staffing 
and equipment is available. This could include the ability to monitor physiologic parameters and provide 
supplemental oxygen or supplemental heating or cooling, to maintain catheters or constant infusions, 
and to administer medications. Infection control is another important aspect of postoperative care, which 
includes the ability to keep the area, caging, and equipment clean and decontaminated at regular inter-
vals, and especially between patients.
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Adjunct Surgical Support Areas

Another functional area that can be useful for facilities that perform complicated surgical procedures 
is a diagnostic laboratory area to perform blood work and other testing procedures. Equipment needed 
is dependent on the types of testing required, but may include arterial blood gas, complete blood count, 
clinical serology or chemistry, packed cell volume or hematocrit, and urinalysis.

The SFM must have a thorough understanding of the requirements for each of the areas of a surgi-
cal facility, the function of each, how they relate to other areas, and what equipment may be necessary 
in each area. This understanding affords a manager the ability to troubleshoot facility and equipment 
issues, and to provide solutions or potential repairs.

Surgical Instruments and Equipment

Surgical instruments, supplies, and equipment utilized in a research setting vary based on the nature of 
the procedure, the species involved, and the area of the facility. Large animal procedures can generally 
utilize human surgical equipment, but rodents and other small animals often require specialized equip-
ment and devices, including magnification aids (Hoyt et al. 2001a and b).

The majority of equipment can be adopted for surgery and patient monitoring of animals with equip-
ment designed for human use. The exception relates to the use of human patient electrocardiograph 
(ECG) and/or oxygen saturation level (SPO2) monitoring of mice with heart rates oftentimes >400/min, 
where the sampling rate of the machines is not fast enough. This equipment can be categorized into one 
of the following functions of a surgical program:

• Anesthesia: Administration, ventilation, and waste gas scavenging

• Patient monitoring and supportive care

• Surgical procedure: Instruments and associated tools and equipment

• Specialized or support imaging: Microsurgical, laparoscopic, and neurological

• Cleaning and sterilization

Equipment utilized in the aseptic surgical area should be dedicated to surgery and easy to clean and 
disinfect. Ideally, equipment in this area should be portable rather than fixed (National Research Council 
2011) to facilitate cleaning and disinfection of the room on a regular schedule, defined by facility SOPs. 
The surgical area should be kept clear of unnecessary equipment and supplies during a procedure to 
allow maximum space for movement of personnel in the operating room. This practice aids in preventing 
contamination of the surgical site and sterile components. Surgical rooms and designated rodent surgical 
areas should not be used for storage of nonsurgical equipment and supplies when not in use, to minimize 
the introduction of contaminants. Supplies should be kept in cabinets or drawers to prevent dust and 
debris accumulation, and should be stored off the floor.

Anesthetic Equipment

Anesthetic equipment is necessary for the administration of agents to prevent and alleviate pain asso-
ciated with a surgical procedure. The proper use of anesthetics and analgesics in surgical research 
programs is mandated by regulations and guidelines (Animal Welfare Act 1966; Conour et al. 2008; 
National Research Council 2009, 2011; NIH/OACU 2016a; PHS 2016), and is an ethical and scientific 
obligation. Generally, the basic configuration used for human anesthesia (i.e., oxygen source with flow 
meters, and inhalant gas vaporizer) can be used for most animal surgeries, including rodents. As such, 
oftentimes one only has to change the ventilator appropriate in size for the species being operated on 
should mechanical ventilation be desired. For short-duration or minor surgical procedures, injectable 
anesthetics may meet the requirements and necessitate minimal equipment. Longer procedures using 
injectable anesthetics usually require repeated injections or a constant rate infusion (CRI), which can 
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be accomplished with precision infusion or syringe pumps. Anesthetics that work well in one species 
may not work as well in another, and will affect equipment needs. The use of preoperative drugs or 
preanesthetics can also affect the selection and dosage of general anesthetic (Kohn et al. 2006). Each of 
these topics needs to be addressed in consultation with the facility veterinarian, in order to determine the 
necessary anesthetic equipment.

Anesthetics, by their nature, cause dose-dependent physiologic changes (Kuhlman et al. 2008). These 
effects can be reduced by the selection of specific anesthetics and precise dosing. The use of volatile 
anesthetic gases can aid in the minimization of these physiological changes because they can be accu-
rately controlled, and dosages can be adjusted quickly through the use of precision vaporizers. Each type 
of anesthetic gas requires a vaporizer calibrated to the specific gas being utilized. Their use increases 
safety and minimizes associated negative side effects by being quickly eliminated from the patient and 
requiring minimal metabolism. Volatile anesthetic agents can be hazardous to employees and require 
special safety measures. Vaporizers are usually set up with an anesthesia machine that provides pres-
surized oxygen or medical air that will mix with the anesthetic at specific ratios, and equipped with an 
anesthetic gas scavenging system. The most effective scavenging is done with a closed active system 
that uses vacuum or suction to pull expired gases from the system and evacuates these gases out of the 
facility. An alternate passive system allows waste anesthetic gases (WAGs) to pass through an activated 
charcoal filter canister, which traps the anesthetic and allows the remaining air to pass through. These 
canisters must be monitored carefully and must be weighed frequently to ensure that the maximum 
absorptive capacity is not exceeded and the excess gases escape into the room. It is important that the 
SFM ensures that all staff members are familiar with the use and safety requirements for the operation of 
gas anesthetic machines to protect personnel. Volatile anesthetics are especially hazardous to a develop-
ing fetus, so additional measures must be taken to minimize or eliminate exposure to personnel during 
pregnancy (Tannenbaum and Goldberg 1985). It is highly recommended that a WAG SOP be in place, to 
include that gas anesthesia machines be surveyed for leakage of volatile anesthetics on a regular basis, as 
may be dictated by the institution’s health and safety department.

Ventilators are necessary for most open-chest surgeries, and may be recommended for many other 
procedures. They allow set volumes of air or oxygen and anesthetic gases to be delivered to the patient at 
the appropriate frequency and volume, thereby resulting in a more stable breathing pattern while under 
anesthesia. Ventilating animals at the appropriate tidal volume and frequency provides stable respira-
tions and helps maintain expired CO2 concentrations at normal physiologic levels. They may be incorpo-
rated as part of an anesthesia machine, or be a stand-alone unit that allows air or oxygen and anesthetics 
to be delivered through it with a flowmeter and vaporizer. The ventilator must be able to deliver precise 
volumes, dependent on the size of the animal. Rodent ventilators are typically the stand-alone type, 
whereas large animal ventilators are typically part of an integrated anesthesia machine.

Monitoring Equipment

Intraoperative patient monitoring and supportive care are essential to facilitating a successful surgical 
outcome. The intensity of monitoring will vary with species and procedure performed, and attention 
should be given to thermoregulation, cardiovascular and respiratory function, electrolyte and fluid bal-
ance, and management of pain (Kuhlman et al. 2008). Ideally, patient monitoring equipment should have 
the ability to monitor several of the important physiologic parameters (i.e., body temperature, cardiac 
and respiratory rates, cardiac elctrical activity by electrocardiogram, oxygenation, end tidal CO2 by cap-
nography, and blood pressure), which allows evaluation of anesthetic depth and physiologic status and 
stability. Most, if not all, of these parameters can be measured on larger animals using equipment made 
for human patients. Electrocardiography on mice using human equipment can be difficult or impossible, 
due to their high heart rates. Fluid replacement may also be necessary as intraoperative support therapy, 
depending on the duration and type of procedure and the species undergoing the surgical procedure. 
Postoperative pain reduction should be addressed with the selection of anesthetics and analgesics, as 
well as considering the use of preoperative analgesics to help minimize it. To decrease pain levels to the 
greatest extent possible, this should be an ongoing evaluation and adjustment process, with modifications 
made based on pain assessments of each previous patient in consultation with the veterinarian.
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Surgical and Specialized Equipment

Additional operating room equipment, surgical instruments, and related surgical tools are necessary 
to perform surgical procedures. Surgical instruments are designed to perform a specific function (i.e., 
cutting, incising, or retracting), and will vary based on the type of surgery, species used, and research 
performed. They are classified by function, and names are often derived from inventors, physicians, or 
appearance. Most instruments are made from high-grade stainless steel, but they can also be made of 
titanium, especially microsurgical instruments or those used for surgical procedures conducted in an 
MRI facility. Surgery-related tools (drills, retractors, micromanipulators, stereotaxic equipment, etc.) 
should be evaluated as being appropriate for the intended species, surgical procedure, and designated 
research and for their ability to be appropriately sterilized for aseptic surgery.

Other surgical support equipment may include electrocautery units, infusion pumps, patient warm-
ing equipment, microsurgical and imaging equipment, and patient monitoring equipment. Maintaining 
normal body temperature is critical to minimize cardiovascular and respiratory disturbances caused 
by anesthetic and analgesic medications (Smith and Danneman 2008). This is especially important in 
small animals, where the high ratio of body surface to weight contributes to heat loss. Strategies for 
maintaining normal animal patient body temperature intraoperatively may include the use of intravenous 
fluid warmers, circulating warm water blankets, forced-air warming blankets, infrared warmers, electric 
heated pads, or even warmed fluid bags placed next to the animal. Extra care must be taken if using 
electrically heated pads, as they can develop hot spots and potentially cause burns. Due to this hazard, 
their use should be discouraged. Imaging equipment, such as radiography, fluoroscopy, MRI, x-ray CT, 
positron emission tomography (PET), ultrasound, or laparoscopic and microsurgical cameras, is also 
commonly used intraoperatively or perioperatively to support a surgical study. The larger equipment 
(MRI, CT, and PET) cannot be moved to the animal, so special care is needed when moving a surgical 
patient to the imaging areas. Other imaging equipment should be dedicated to research or animal surgery 
if possible. Microsurgery equipment, especially the operating microscope, should be adjusted to the sur-
geon and surgical procedure prior to the surgeon scrubbing, gowning, and gloving, to eliminate potential 
contamination from contact with a nonsterile device. Other alternatives are to use specialized sterile 
plastic covers for the microscope, foot controls, or sterilized hand controls, which allow the surgeon to 
make adjustments to the microscope during the surgery (Hoyt et al. 2001a).

The animal prep area requires some specialized equipment, including some of the same equipment 
used in the operating room. An anesthesia machine and waste gas scavenging equipment with or with-
out a ventilator may be necessary, depending on anesthetics utilized and the length of time of the prep. 
For large animals with multiple surgical sites to prepare, and an abundance of hair, the amount of prep 
time could be prolonged. A method of maintaining the animal’s body temperature should therefore be 
incorporated. If the preparation surface is stainless steel or another material that can conduct heat away 
from the animal, it is important to provide an insulating material between the animal and the surface. 
Patient monitoring equipment is also critical during anesthetic induction, as the potential of adverse 
effects can be elevated during this period. Monitoring parameters may vary but should typically include 
at least body temperature, respiratory rate, heart rate, and oxygenation saturation. A laryngoscope with 
various-sized blades should be available for endotracheal intubation. For intubation of rodents, special-
ized scope and illumination apparatus may be required. A Doppler or ultrasound machine may also be 
a useful aid for the percutaneous placement of catheters, especially if arterial placement is necessary in 
a large animal.

Cleaning and Sterilization Equipment

Instrument cleaning and sterilization is an essential component of aseptic surgery, and additional equip-
ment and supplies are required to ensure this is done properly. If processing a large number of instru-
ments, an ultrasonic instrument cleaner and dryer may be necessary. This will help avoid staff iatrogenic 
injuries, which can occur when surgical instruments are cleaned by hand, and helps ensure adequate 
removal of all organic material prior to sterilization. Instrument sterilization is usually accomplished 
using one of two common methods (physical or chemical). The physical method employs dry heat or 
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a combination of heat, humidity, and pressure to sterilize. The chemical method employs the use of a 
gas or liquid sterilant. Factors contributing to the type of sterilization utilized are based on the physical 
characteristics of the article to be sterilized, the time required to sterilize, and the availability of the 
equipment (Schofield 1994; Callahan et al. 1995). All supplies and equipment should be sterilized well 
in advance of a scheduled procedure to prevent potential cancellation due to sterilization cycle failure.

Steam sterilizers, commonly known as autoclaves, use a physical method of sterilization utilizing 
heat, humidity, and pressure. High temperatures, ranging from 121°C to 134°C (250°F–270°F), at a 
pressure of 15–30 psi are required for sterilization to occur. Most steam sterilizers are automated with 
a variety of cycles available based on physical characteristics of the item, the type of wrap in which the 
item is contained, and the time required for completion of the cycle. The advantages of steam sterilizers 
are the ability to sterilize a variety of items in a readily controlled setting with multiple cycle lengths 
available, and sterilization occurs in a much shorter time than chemical methods. Disadvantages include 
the inability to properly sterilize rubber and other heat-sensitive materials, oils, powders, plastics, and 
electrical and/or mechanical devices. There is also limited penetration of some materials, such as fabrics, 
paper, and other solid materials, if thickly layered (Rutala and Weber 2008). It is important to verify the 
autoclave sterilization process with biological and/or temperature indicators.

Glass bead or dry heat sterilizers are another commonly used physical method of sterilization, primar-
ily used in rodent surgery. This sterilization is an effective and convenient means of rapidly sterilizing 
the working surfaces of surgical instruments using a “sterile tip technique” between individual animals 
in sequential multiple rodent surgical procedures. When using instruments in this way, they should be 
sterilized via a steam or chemical sterilizer prior to the first procedure each day, and then the tips rester-
ilized between each animal using this method. Using a single set of instruments for multiple surgeries 
and a glass bead sterilizer should have well-defined guidelines ensuring that the sterile technique is 
maintained between animals. Surgeons must confirm that the working surfaces of the instruments have 
cooled sufficiently before touching the animal to avoid accidently burning the tissue.

Chemical methods of sterilization include both gas and liquid agents. EtO sterilizers are noncorrosive 
and safe for most plastic and polyethylene materials and mechanical and electronic equipment. EtO can 
also permeate the lumens of catheters, flexible fiber-optic scopes, and similar devices. The disadvantages 
of EtO gas sterilizers are the long sterilization cycle and aeration times, and the inability to sterilize liq-
uids and impervious packing materials. Items to be sterilized must be dry, because water will react with 
the EtO to form ethylene glycol. EtO sterilization is also more expensive than many other methods, and 
presents occupational health risks. EtO gas sterilizers have specific and strict operation and installation 
requirements due to the health (potential carcinogen and mutagen) and occupational (explosion) haz-
ards. Operation of EtO sterilizers should be done in strict conformance with local and state regulations, 
institutional policies, and manufacturer’s recommendations (Rutala and Weber 2008). VHP is another 
chemical-based sterilization process, with the primary advantage of having a shorter cycle than EtO 
gas and the ability to sterilize heat-sensitive items. Limitations of hydrogen peroxide sterilizers include 
incompatibility with some materials, limited penetrating ability in items with long narrow lumens, and 
occupational health risks (Rutala and Weber 2008). Liquids and powders cannot be processed with 
VHP, nylon becomes brittle, and materials must be completely dry for effective sterilization, so those 
that absorb moisture (i.e., paper, cotton, and cellulose) are unable to be adequately sterilized. Due to the 
short cycle of VHP sterilizers, the time for the vapor to completely fill small lumens is longer than the 
completion of the cycle. Hydrogen peroxide is used for VHP sterilization at very high concentrations 
and is a strong oxidant that can cause severe tissue burns and respiratory irritation, and can be toxic at 
these levels. Liquid chemical sterilization is a method used only for devices that can be fully immersed. 
Peracetic acid and glutaraldehyde can be used for specialized equipment, but they must be thoroughly 
rinsed and cannot be stored after sterilization, giving them limited use for general surgical sterilization.

Records and Regulations

As an SFM, record keeping and compliance with animal care and use regulations can be one of the most 
important and challenging aspects of the job. An abundance of federal and state laws, regulations, and 
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guidelines dictate the types of records a surgical facility is responsible for maintaining, but the respon-
sibilities often extend beyond the requirements. As active participants of a surgical research study, the 
surgical facility staff may be charged with maintaining documentation pertaining to the actual data 
collection and analysis. Thorough documentation of the procedure and associated events by the facility 
staff during the surgical study and postoperative period can be an asset to the PI, as documentation and 
data collected involving the surgical procedure are required for preparation of publications or addressing 
reviews. Records may be handwritten or entered in a digital, electronic, or computerized format and will 
vary depending on the type of record, study supported, or capabilities available. Complete copies of all 
animal records and data collected throughout the study must be maintained by the surgical facility, and 
then can be made available for the PI if requested. Standardized forms are valuable for the recording of 
pertinent information, with fields that can be filled in or items checked, to ensure that relevant informa-
tion gets documented. It is imperative that the PI and staff communicate the specific types of documenta-
tion required for a procedure. It is incumbent upon the SFM to ensure that records meet the regulations 
and needs of the research project and PI. Accurate records for controlled substance, anesthetic, and 
analgesic administration are required.

Budget and Billing

It often falls on the SFM to develop and administer the facility’s budget, provide cost estimates for surgi-
cal studies, establish charges, and execute billing processes. Providing accurate cost estimates requires 
the surgical facility staff to maintain accurate records and track costs for all supplies and equipment and 
the usage requirements for various types of procedures. Maintaining an adequate inventory of supplies 
and rotation of stock to minimize waste can impact facility costs, and should be addressed. A presurgical 
planning meeting (discussed above) can be an important tool in providing these estimates, by generating 
a detailed supply list, with input from all participants. In addition to the direct supply cost estimate, the 
SFM also needs to know the fixed costs of the facility and additional overhead costs. The fixed costs 
may be included as part of a fee paid to the institution for use of the space, or by direct payments, and 
may include rent, utilities, maintenance, salaries, administrative, and other space-related costs (National 
Center for Research Resources 2000). Overhead costs can include equipment shared across multiple 
studies, supply stocks (including a portion that may expire prior to use), cleaning and sterilization costs, 
and personnel costs. A portion of these costs should be calculated and included in the estimate for 
each study, along with the costs for materials, supplies, and other fees. Each facility may have different 
expenses that need to be recovered, and some may even be required to generate a profit.

Budget management for a surgical facility can be dependent on a variety of factors and is related to 
the role of the facility (support service or contract facility). A facility that provides support services 
for investigators within an institution may have investigators providing some supplies and equipment, 
but a full-contract facility may provide all required supplies and equipment. This will result in drasti-
cally different budgets and orders for supplies. The SFM should be aware of all expenditures required 
by the facility, the true costs associated with the surgical studies, and the income from billing for the 
procedures. This understanding can aid the SFM in making knowledgeable projections for future budget 
requirements.

Establishing charges for surgical procedures can start with the estimate and adjust for actual supplies 
and staff allocations based on the requirements upon completion of the first procedure. This allows for 
adjustment in the expense according to the actual time, supplies, and staff required. There are a variety 
of methods to calculate procedure charges, each with advantages and disadvantages. The most accurate 
way to calculate actual costs is to track every supply item utilized, and technician hours involved for each 
surgical procedure. This method is time-consuming and may require extra staff or time to adequately 
track. The least involved method is to estimate the amount of supplies and allocated staff time and 
approximate any additional supplies and labor and make adjustments accordingly. One method that can 
provide a fairly accurate procedural cost without the effort of tracking every supply item for every pro-
cedure is to track and average the cost involved in the first few procedures and use those calculations as 
an average across the entire study. This method allows for the opportunity to adjust if significant changes 
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to the study occur. The SFM and technical staff must have a comprehensive understanding of what the 
supply costs are to evaluate the significance of the change and the cost impact to the facility. An example 
would be a change from an inexpensive suture to an expensive one. If these small changes become rou-
tine, this can have a tremendous impact on the facility budget.

The SFM or administrative staff should have a method in place to track surgical procedures and asso-
ciated costs to enable accurate billing. The accuracy of the billing process can be achieved by involv-
ing more than one staff member and having concurrent methods of tracking procedures. For example, 
the surgical schedule could be utilized as one source, and maintaining a simple database as the second 
method, allowing comparison of the two for verification. The minimal extra effort involved in having 
a duplicate tracking system can easily offset efforts needed to resolve questions about inaccurate bill-
ing. A regular schedule (weekly, monthly, etc.) should be established for the billing cycle to assist in the 
management of the information and consistency of the billing cycle, and maintain accuracy. Depending 
on the size of the facility and the workload, a commercial billing software system may be necessary and 
may require a dedicated staff member to handle the budget and billing.

Surgical Procedures and Postoperative Care

Successful surgical procedures require appropriate presurgical planning, which has been previously 
addressed. Inferior planning or inadequate surgical and monitoring techniques can lead to complica-
tions during a surgical procedure, which may affect the surgical outcome and data produced, and lead 
to potential animal welfare concerns. Inadequate planning can affect and occur during both survival 
and nonsurvival surgical procedures. Surgical results are often influenced by actions taken prior to and 
during the procedure, such as the use of preoperative antibiotics. Prophylactic antibiotics can aid in the 
reduction of postoperative infections, and are commonly given for major survival surgeries, especially 
when body cavities are penetrated. The choice of antibiotic, along with the duration and route of admin-
istration, should be established in consultation with the researcher and the veterinarian.

The postoperative recovery time is critical, and proper assessment during this period can have a posi-
tive impact on the overall outcome of the procedure. Pain can impact the animal’s welfare both physi-
cally and mentally, and proper relief of pain and distress is crucial for a positive surgical outcome. Pain is 
exhibited differently depending on the species, and experience and training in identification of species-
specific painful behavior is necessary to ensure that pain is being relieved. Some observations, such as 
decreased activity, poor appetite, labored breathing, and abnormal appearances, are common signs of 
pain across all species, and these should be assessed during the postop period (Kohn et al. 2006; NIH/
OACU 2016a). The administration of preemptive multimodal analgesics can not only aid in the reduc-
tion of postoperative pain (Corletto 2007) but also reduce the amount of anesthesia needed, shorten the 
overall anesthesia time, and hasten the duration of recovery. The selection of analgesics and sedatives, 
along with the postoperative duration of administration, should be established in consultation with the 
researcher and attending veterinarian (ACLAM 2016). Pain assessment for the continuation of analge-
sics should extend throughout the postoperative period, as pain may vary between individual patients. 
Variables such as the type of procedure, length of the procedure, skill level of the surgeon, species, and 
even an individual animal’s stoicism can impact the requirement for analgesics and sedatives to ensure a 
comfortable surgical recovery. Complications or contraindications can occur with certain analgesics, so 
veterinary consultation is important prior to administration. Some complications that can occur include 
opioid-induced respiratory depression, nausea or ileus, NSAID toxicities in certain species (ibuprofen in 
dogs and cats), and local anesthetics, such as lidocaine and bupivacaine, inducing toxic effects in smaller 
species (Kohn et al. 2006). Studies assessing an inflammation response can be adversely impacted by 
the use of anti-inflammatories, and these should be avoided for those types of studies. These related top-
ics should be part of the prestudy planning discussions so as to avoid such problems when the study is 
initiated. Regardless of these variables and complications, when surgical procedures are performed, all 
animals should be assessed for pain and analgesics should be administered as necessary.

Postoperative monitoring, documentation, and record keeping provide verification that the animal 
is recovering appropriately and allows for intervention if recovery is not as expected. Both objective 
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and subjective assessments of the animal should be done at least twice daily until the animal has suf-
ficiently recovered. For critical patients, assessments may need to be done at more frequent intervals and 
animals may even require around-the-clock observation. Objective assessments may include monitor-
ing vital signs, such as body temperature, food and water intake, pulse or heart rate, and respiratory 
rate. Subjective assessments include evaluating the activity, appearance, and behavior of the animal. 
Typically, animals should resume normal posture and species-specific behavior and activity, such as 
walking and sitting upright, within hours of the procedure. Procedures such as spinal or thoracic surgery 
can delay these normal behaviors and activities and should be expected and addressed in the presurgi-
cal planning. Lameness, inactivity, and hunched postures may indicate pain or other complications and 
should be evaluated and referred to the veterinary staff. The fur and skin should have a healthy appear-
ance, so animals that fail to groom or display piloerection or soiled fur should be assessed for illness or 
pain (National Research Council 2009). Animals that are ill or in pain may exhibit behaviors such as 
heightened aggression, guarding of the surgical wound, inducing self-trauma, excessive grooming, or 
acting more timid or fearful. An assessment of the surgical sites should be done to ensure normal wound 
healing and observe for signs of infection and inflammation (redness, swelling, and pain). Monitoring 
hydration status is also critically important to appropriate recovery, and animals may need to be sup-
ported with parental or oral fluid administration. Assessment of urine and fecal output, skin tenting, and 
overall condition will contribute to assessing the animal’s appetite and water intake. It should be noted 
that animals that have had food withheld prior to surgery may require additional time to produce feces 
after surgery. Medications that affect gastrointestinal motility can also have implications to the postop-
erative monitoring and assessment based on their effects. Sutures, staples, and wound clips should be 
examined to ensure adequate placement and security. Nonabsorbable skin closures should be removed 
at the appropriate time following complete wound healing. Postoperative care might also include spe-
cialized practices, such as chest tube management or intravenous line maintenance. It is important that 
clear instructions be provided to the staff providing the care, and whether additional training is required 
should be evaluated.

Documentation of the postoperative period is required by federal regulations, and adequate record 
keeping ensures that proper veterinary care has been provided (Animal Welfare Act 1966). Postoperative 
observation, assessment, and documentation may be conducted by the research staff, animal technicians, 
husbandry staff, or other trained individuals. Health concerns or complications should always involve 
veterinary consultation. Documentation for rodent procedures may be accomplished using a variety of 
methods, including notations on cage cards, colored cage tags, special cards, or a logbook. Depending 
on the institute’s IACUC, the documentation should include the animal protocol number, the surgeon, 
the surgery date, who monitored animal recovery, analgesics provided, and who administered them. 
For species covered by the U.S. Department of Agriculture (USDA) Animal Welfare Act Regulations, 
individual animal medical records are required for recording the postoperative recovery of the animal, 
medications administered, condition and behavior of the animal, physiologic parameters, and other per-
tinent information.

A successful surgical program must include preoperative planning; postoperative monitoring and care; 
consultation between the research, technical, and veterinary staff; adequate training of personnel; and 
compliance with the approved protocol. As such, institutions should consider establishing a system to 
track and monitor metrics concerning postoperative complications such as wound dehiscence, infec-
tion, or complications associated with the surgical procedure to identify training deficiencies, areas for 
improvement, and positive and negative trends. Surgical complications may occur with any surgical pro-
cedure and are not unexpected in an active surgical program. However, when higher incidences or trends 
of complications are identified, investigation into the root cause is warranted to maintain animal welfare 
and quality surgical support. Common causes for an increase in surgical complications are inexperi-
enced personnel, poor training, inadequate surgical technique, inadequate postoperative observations, 
and faulty or malfunctioning equipment. Morbidity and mortality rates for each surgery type and/or 
investigator should be included in the surgical metrics within all aspects of the surgical program. Areas 
to also include relate to animal husbandry, specific technical and veterinary staff assisting in procedures, 
and types of anesthesia and analgesics utilized for specific procedures. IACUC oversight through a post-
approval monitoring program can also aid in identifying these trends. This type of monitoring program 
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provides additional data related to protocol compliance with regard to approved surgical procedures and 
postoperative animal care.

Surgical Facility Standard Operating Procedures

SOPs are detailed, step-by-step process descriptions intended to ensure the consistent application of 
institutional practices and compliance with regulations, policies, and principles (National Research 
Council 2011). Good laboratory practice (GLP) regulations require that facilities have written SOPs 
adequate to ensure the quality and integrity of data generated in studies (GLP 2011). SOPs are essential 
to maintain uniformity and consistency in a facility with the turnover of staff. Surgical SOPs should be 
composed by focusing on the scientific and medical bases for the techniques, processes, and surgical pro-
cedures in order to provide consistency and protect animal welfare. SOPs can serve as the basis for staff 
and investigator training. The surgical facility SOPs should also reflect the major components associated 
with the conduct of surgery in research (Brown et al. 1993):

• Preoperative management

• Anesthesia and analgesia management

• Intraoperative management

• Perioperative management

• Operative techniques and surgical procedures

• Postoperative management

• Facility maintenance and sanitization

• Instrument maintenance and sterilization

• Equipment use and maintenance

• Personnel responsibilities

• Record keeping

Preoperative SOPs should include a description of the presurgical evaluation process to approve or 
qualify an animal for surgery. For large animals, this process may include animal health record review, 
physical and blood work evaluations, condition determination, behavioral assessment, and any specific 
presurgery requirements (i.e., specific handling and restraint), special housing, imaging procedures, and 
antimicrobial prophylaxis. For rodents, the process should be a general health and condition assessment, 
along with special housing and handling requirements.

Anesthesia and analgesia SOPs should address adequate veterinary care by providing guidance to 
animal users on appropriate utilization of anesthetics, analgesics, and tranquilizers. They may include 
specific anesthetic choices and dosages for select species and procedures, and should indicate expira-
tion and disposal methods and criteria, such as how to handle multidose vials after first being opened. 
Analgesia-related SOPs are based on IACUC approval for specific studies and may include specific anal-
gesia medications, species, pain assessment, dosage, duration, storage requirements, handling instruc-
tions, and staff qualifications. Anesthesia-related SOPs should cover facility-approved anesthesia agents, 
indications, dosages, storage requirements or handling instructions, contraindications, species, staff 
qualifications, and methods of administration.

Intraoperative monitoring SOPs provide guidance and consistency in the assessment of the physiologic 
status of the animal throughout the procedure in order to provide optimum animal welfare with reference 
to maintaining a surgical plane of anesthesia, adequate pain management, and surgical success.

Perioperative management SOPs should include operating room setup and the preparation procedures 
for instruments, surgical supplies, animals, support staff, and surgeons.

Operative techniques and surgical procedure–related SOPs focus on proper surgical techniques, gentle 
tissue handling, effective hemostasis, maintenance of sufficient blood supply to tissues (systemic pres-
sure), asepsis, accurate tissue apposition, appropriate use of monitoring equipment, and minimizing 
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surgical time. Surgical procedure SOPs can be written for specific surgical procedures (i.e., vascular 
access port implantation, splenectomy, and myocardial ischemia), based on each facility’s procedures, 
or as generalized SOPs addressing the above considerations. Surgical procedures performed as study-
specific procedures may be included directly in the study protocol as opposed to an SOP, or the protocol 
may reference a specific facility SOP if the SOP has been approved by the IACUC. If procedures are 
done under GLP guidelines, any changes in the surgical procedure will need to be addressed according 
to GLP regulations and guidelines.

Postoperative SOPs should address three key components: recovery from anesthesia, acute postopera-
tive care, and long-term postoperative care. From an animal welfare perspective, recovery from anesthe-
sia is the most critical time. The SOPs should address patient monitoring and evaluation, management of 
physiologic parameters, specialized housing or caging during recovery, medications and treatments, and 
the transition from the recovery phase (i.e., normal vitals, ambulation, and return of normal behaviors). 
SOPs addressing the acute postoperative care should include pain assessment, appropriate relief, type 
and frequency of postoperative observations, surgical site observations, special housing requirements, 
staff qualifications, and medications and indications for treatment. Long-term postoperative care SOPs 
should address the type and frequency of observations, the continuation of pain assessment, staff quali-
fications, special housing, special diets, implant function verification, surgical site observations, and the 
notification process when postoperative care is completed.

Facility maintenance and sanitization SOPs should address traffic patterns with relation to contamina-
tion control, personal protective equipment (PPE) entry requirements, delineation of surgical and non-
surgical activities within the surgical suite, and monitoring of cleaning practices.

Instrument maintenance and sterilization SOPs should address the processes for cleaning, packaging, 
and sterilization of instruments and surgical supplies, and should include sterilization validation proce-
dures. They may also address instrument repair, sharpening, and replacement parameters.

Equipment use and maintenance SOPs should focus on proper setup, use, maintenance, calibration, 
and validation of proper function and should be generated for each unique piece of equipment in the 
facility.

Personnel responsibility SOPs should outline unique responsibilities and requirements for staff pro-
viding surgical support and animal care within the facility, which may not be addressed in another SOP. 
Personnel safety practices (PPE, nonhuman primate bite and scratch kits, etc.) should also be addressed 
with specific SOPs.

Record-keeping SOPs should provide details on the management and maintenance of animal and 
facility records. They may include specific requirements for certain records, long-term storage methods 
and location of records, and disposal instructions.

Surgical facility SOPs should focus on the major components associated with all aspects related to the 
conduct of surgery and provide guidance for basic principles of analgesia and anesthesia, patient moni-
toring, good surgical technique, equipment operation, training and assessment of staff qualifications, and 
provision of optimal animal welfare.

Training

Although the responsibility for ensuring surgeons and surgical support staff are properly trained lies 
with the PI and the IACUC, it may fall to the SFM to help develop and/or provide the training. The 
SFM’s role is primarily as a facilitator in the training process and includes identifying appropriate indi-
viduals to conduct training, developing or assisting with curriculum development, and monitoring the 
effectiveness of the training program. This includes developing or incorporating training aids and other 
practice methods, providing appropriate instruction and, most importantly, providing the time necessary 
for comprehensive training. It is essential that an institution’s surgical training program be well defined 
and reviewed by the attending veterinarian and the IACUC.

The first step in the training process is to assess the knowledge and experience level of the trainee. 
In a research facility, many people of differing backgrounds may be performing surgery. This could 
include veterinarians, veterinary technicians, MDs, PhDs, graduate students, and research technicians. 
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While an MD would have extensive knowledge of human anatomy and physiology, he or she may have 
limited experience with the species differences that may be encountered in a research facility (Brown 
et al. 1993; ASR 2009). A person in a technical position may have little experience with maintaining 
asepsis or proper tissue handling. Therefore, training must be directed toward the needs and experience 
of the individual.

The curriculum of a surgical training program should progress in a logical, step-by-step manner, 
with each skill building on the previous one. For example, a trainee would learn instrument names, the 
appropriate care and use of each instrument, and the proper handling of suture and simulated tissue 
prior to conducting a procedure. By taking this approach, each individual must demonstrate appropriate 
knowledge and skill to progress to the next step, thus taking into account any previous experience as 
described above.

The didactic components of the curriculum are often developed within an individual institution—
these may involve study modules specific to the facility or to the procedures it is most often conducting. 
Animal welfare regulations and species-specific anatomy and physiology are topics that lend themselves 
well to this approach. Managers should also take advantage of resources currently available. Many labo-
ratory animal organizations provide training materials, free or at minimal cost, which could be incorpo-
rated into a surgical research training curriculum. Coordinators of surgical training programs can search 
for materials from the Animal Welfare Information Center (AWIC), the Laboratory Animal Welfare 
Training Exchange (LAWTE), the American Association for Laboratory Animal Science (AALAS) 
Learning Library, and the Academy of Surgical Research (ASR).

Wet lab training may be conducted concurrently with didactic training, but should also follow a 
stepped process. Hands-on training typically begins with inanimate training aids, which will allow the 
trainee to practice skills and techniques without the pressure of working on a live animal, but may not 
be required if the trainee is already a skilled surgeon and just needs to learn a new technique or learn 
on a different species. Inanimate training can begin with easily accessible, inexpensive items, such as 
oranges, bananas, chicken breasts, and pig’s feet, which can be used for suture or injection training. 
Cadaver tissues, such as harvested arteries and veins, can be used for microsurgical training, but may 
have limited value as tissue properties differ from live tissue. Suture boards and simulated tissue training 
aids can be valuable to practice suturing, macroscopically or microscopically. Stuffed toy animals can 
be modified with simulated vessels made from tubing, placed under bandaging material, and then used 
for practicing catheter placement or blood collections. As training progresses, more sophisticated mate-
rials can be employed. Anatomic models, interactive simulators, and virtual hands-on surgical training 
are commercially available and could be considered. Nonsurvival training on the actual procedure is 
valuable, but should be limited to highly technical procedures that cannot be practiced by an alternate 
method. Once proficiency of a procedure is demonstrated, the trainee may proceed to survival proce-
dures under the supervision of the trainer. As part of the process, the surgical recovery and success of 
the procedure must be followed to ensure competency of the individual. All training and competencies 
must be documented after the completion of each didactic or wet lab session.

Necessary components of a surgical training program have been well defined by the ASR (2009). This 
begins with training on regulatory and ethical considerations (USDA Animal Welfare Act, the Guide 
for the Care and Use of Laboratory Animals, Office of Laboratory Animal Welfare [OLAW], IACUC 
guidelines, FDA and Environmental Protection Agency [EPA] GLPs, and applicable national and local 
regulations). Presurgical planning, as described previously, needs to be part of the training program. 
The specifics will vary by institution, but surgical assistants and surgeons must have good foundational 
training on methods of analgesia, anesthesia, maintaining aseptic technique, and postoperative care. 
The surgical trainee will need additional training on proper surgical technique for specific species and 
procedures. At some institutions, the surgical staff will handle all postoperative care, but for other facili-
ties, the animal husbandry or technical staff may take on these responsibilities. When this is the case, 
it is important for all individuals involved to participate in appropriate training, based on their level of 
involvement.

Posttraining evaluation is an ongoing process, necessary to prevent procedural drift and to continue 
improving techniques with advances and refinements in the field. Emerging technologies should be 
reviewed regularly by managers and training coordinators. Regular attendance at professional meetings 
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such as ASR and AALAS is invaluable for learning and sharing new techniques and refinements. 
Professional organizations also offer courses at local and national meetings, including wet lab opportuni-
ties for hands-on training, along with certification opportunities. In addition to the AALAS certifications, 
which provide a good foundation for technicians, other programs for nondoctoral individuals are avail-
able with an emphasis on surgical training. The ASR certification program validates training at three 
different levels: anesthesia, minor surgical procedures, and major surgical procedures. Additionally, 
the National Association of Veterinary Technicians in America (NAVTA), the Academy of Veterinary 
Technicians in Anesthesia and Analgesia, and the American College of Veterinary Anesthesia and 
Analgesia all have specialty academies in anesthesia and research surgery.

Providing trainees the appropriate instruction, resources, and time will lay the foundation for a suc-
cessful surgical department. Investing in ongoing training for existing staff will build a highly qualified, 
experienced team of surgeons and surgical support staff, which is critical to continued improvement in 
techniques and ultimately to animal welfare.

Summary

The SFM is often required to satisfy a multitude of responsibilities in the process of running the facility. 
He or she must have a thorough understanding of the requirements for the facility, staffing, equipment, 
budgeting, surgical procedures, animal care, and training. To be successful, the SFM must have a com-
prehensive knowledge of the functional areas of a surgical facility, their relationship to each other, and 
the differences between large and small animal surgery requirements. He or she serves as a mentor to 
facility staff, providing communication, planning, scheduling, and oversight of all facility activities. An 
effective SFM provides direct supervision for his or her staff and provides opportunities for career plan-
ning and advancement. The success of the surgical program is dependent on the quality and versatility 
of the facility management and staff.
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Euthanasia

Christine P. Sivula and Mark A. Suckow

Background and Perspective

Definition

The word euthanasia comes from the Greek terms eu (good) and thanatos (death). In the medical field, it 
is often defined as the act of painlessly killing an individual who is suffering from an incurable or pain-
ful disease. The Animal Welfare Act (AWA) and Animal Welfare Regulations (AWR), 9 CFR Part 1, 
§1.1 (U.S. Department of Agriculture 2002), define euthanasia as the humane destruction of an animal 
accomplished by a method that produces rapid unconsciousness and subsequent death without evidence 
of pain or distress, or a method that utilizes anesthesia produced by an agent that causes painless loss of 
consciousness. Although commonly used in the field of laboratory animal science to describe the killing 
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of research animals at the end of an experiment, some assert that this is a misuse of the word (Pavlovic et 
al. 2011). According to this view, since animal experimentation is not in the best interest of the animal, 
the act of killing the animal cannot be considered euthanasia, and is instead part of the experimental pro-
cess. Despite this criticism, the term euthanasia continues to be used in animal care and use programs 
in research, teaching, and testing.

Ethical Considerations

There is frequent discussion regarding the ethical considerations pertaining to the use of animals in 
research. Many points of view exist, from those who are vehemently opposed to those in favor, and 
discussions can lead to significant emotional responses (Gnadt and Leland 2002). Public perception of 
conditions under which animals used in research are kept is often unfavorable, and concerns regarding 
euthanasia of research animals are a specific area of debate on this topic. There is concern about not 
only the potential pain and suffering of animals while undergoing experimental procedures, but also 
how an animal’s life ends. As biomedical research involving animals continues, society’s awareness of 
animal welfare issues is increasing as well (Rollin 2009). According to Rollin (2009), it is important that 
the summation of their lives not involve fear, horror, pain, or suffering. Euthanasia of healthy research 
animals at the end of the experiment is a serious concern for the public (AVMA Panel on Euthanasia 
2013). Recently, legislation has been passed in some states requiring that healthy dogs and cats used in 
research be made available for adoption rather than euthanized at the end of the experiment (Simmons 
2014). While the adoption of some animals following the research project is possible, for others it is not. 
Often, postmortem analysis or sample collection must be performed to verify study results. Those who 
work in the laboratory animal field should be aware of the public’s ethical concerns surrounding the use 
and euthanasia of research animals.

Veterinarians and technicians working in the laboratory animal field may face unique ethical chal-
lenges. Like all veterinarians, those in the laboratory field have taken an oath to use their “scientific 
knowledge and skills for the benefit of society through the protection of animal health and welfare, 
the prevention and relief of animal suffering, the conservation of animal resources, the promotion of 
public health, and the advancement of medical knowledge” (Nolen 2011). According to the American 
Veterinary Medical Association’s (AVMA) Animal Welfare Principles, the responsible use of animals 
for human purposes, including research conducted for the benefit of both humans and animals, is con-
sistent with the Veterinarian’s Oath (AVMA 2015a). Additionally, veterinarians are expected to adhere 
to the AVMA’s Principles of Veterinary Medical Ethics (AVMA 2015b). The first principle states that 
a veterinarian shall be dedicated to providing competent veterinary medical care, with compassion and 
respect for animal welfare and human health. Under this principle, humane euthanasia of animals is 
described as an ethical veterinary procedure. In some cases, however, the decision regarding if and how 
an animal should be euthanized may be complicated by other factors, such as the greater public good, as 
with euthanasia of animals used in medical research (AVMA Panel on Euthanasia 2013). Veterinarians 
and technicians should use their experience and knowledge to ensure the ethical care and use of research 
animals, promote humane euthanasia practices, and encourage refinement of procedures consistent with 
guidelines and regulations. They are also in a position to lend an important perspective to the ethical 
debate regarding animal experimentation.

Ethical concerns are frequently encountered in the laboratory animal facility and often involve 
animal care personnel, facility managers, veterinarians, principal investigators, and their staff (Gnadt 
and Leland 2002). Concerns involving endpoints for animals on study can be particularly emotional. 
In these cases, the veterinarian is generally called on to investigate the concern by reviewing the ani-
mal use protocol for information regarding approved endpoints. Follow-up and resolution may include 
discussion with the investigator or laboratory staff regarding following approved endpoints, and in 
some cases, Institutional Animal Care and Use Committee (IACUC) involvement may be required to 
resolve the issue. In all cases, the veterinarian or manager should follow up with the animal care per-
sonnel to communicate the outcome. Depending on the information discovered during investigation, 
this could involve a discussion about the specific study and why the approved endpoints are appropri-
ate. Although that may not completely resolve the ethical concern for the employee, understanding 
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why that endpoint is important to fulfill the scientific objectives of that particular study may relieve 
some of the concern.

Regulatory Expectations

There are several laws, regulations, and guidelines that provide guidance to the research community 
regarding the appropriate care and use of animals. Many of these outline specific expectations for adher-
ing to humane endpoints and euthanasia procedures. IACUCs have the responsibility of evaluating ani-
mal care and use protocols as they relate to the welfare and use of animals within the framework of these 
regulations and guidelines (Committee for the Update of the Guide for the Care and Use of Laboratory 
Animals 2011). Special consideration should be given to protocols that involve the potential for unre-
lieved pain and distress, and the committee should encourage methods of replacement, refinement, and 
reduction and ensure a humane death (AVMA Panel on Euthanasia 2013).

Animal Welfare Act and Regulations

The AWA was initially enacted in 1966 and has been amended several times. The 1985 amendments 
included specific changes promoting laboratory animal welfare. Some of these changes included estab-
lishing an IACUC and the minimization of pain and distress. The importance of appropriate endpoints 
and euthanasia methods is highlighted in the AWR. They state that during the protocol review process, 
the IACUC shall determine that the proposed activities or significant changes in ongoing activities meet 
several requirements. One of the requirements is that animals that would otherwise experience severe or 
chronic pain or distress that cannot be relieved will be painlessly euthanized at the end of the procedure 
or, if appropriate, during the procedure. Additionally, the regulations state that methods of euthanasia 
used must be in accordance with the AWR definition unless a deviation is justified for scientific reasons 
(9 CFR Part 1, §2.31). The USDA Animal Care Policy Manual also addresses euthanasia of covered 
species, indicating that euthanasia should be in accordance with the current AVMA Guidelines for the 
Euthanasia of Animals (USDA 2016).

U.S. Government Principles for the Utilization and Care of Vertebrate 
Animals Used in Testing, Research, and Training

The Public Health Service (PHS) Policy on Humane Care and Use of Laboratory Animals, adminis-
tered by the Office of Laboratory Animal Welfare (OLAW), implements the U.S Government Principles 
(Interagency Research Animal Committee 1985). There are nine principles that must be followed when 
U.S. government agencies perform or sponsor procedures involving the use of vertebrate animals. Like the 
requirements described in the AWR, Principle VI addresses appropriate humane endpoints and states that 
animals that would otherwise suffer severe or chronic pain or distress that cannot be relieved should be 
painlessly killed at the end of the procedure or, if appropriate, during the procedure. Principle VIII pertains 
to personnel training and indicates that all shall be appropriately qualified and experienced for conducting 
experiments, and that adequate arrangements should be made for in-service training, including the proper 
and humane care and use of laboratory animals. As euthanasia is often a component of experiments involv-
ing animals, training on proper technique when performing euthanasia procedures is also important.

Guide for the Care and Use of Laboratory Animals

The Guide for the Care and Use of Laboratory Animals (Guide) is endorsed by the Institute for Laboratory 
Animal Research and the National Academy of Sciences. It establishes the minimum ethical, practice, 
and care standards for researchers and their institutions (Committee for the Update of the Guide for the 
Care and Use of Laboratory Animals 2011). Regarding euthanasia of research animals, the Guide states 
that methods should be consistent with the AVMA Guidelines for the Euthanasia of Animals, and that it 
should be carried out in a manner that avoids animal distress. The Guide also addresses the importance 
of training and proficiency when performing euthanasia.
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Reasons for Euthanasia

Although proper performance results in the humane death of the animal, there exist varied reasons for 
euthanasia. In some instances, euthanasia is performed out of concerns for the well-being of the ani-
mal, while in others, it is undertaken as part of the experimental design of studies in which the animals 
are being used. In either case, the reasons for euthanasia should be clearly understood by all involved 
personnel.

Experimental Endpoints

Many studies have included in the experimental design specified points at which animals are eutha-
nized so that samples or other data can be collected that would otherwise not be obtainable, that is, the 
point at which the scientific objectives of the project are reached. In some cases, animals may need to 
be euthanized when the research requires that tissue samples from sites such as the heart, lung, liver, 
or brain be collected in a way or quantity that would not allow the animal to survive. In other cases, 
the research may involve surgical implantation of materials or devices that must be retrieved for fur-
ther evaluation, thus necessitating euthanasia of the animal. Typically, the point at which the animal 
is euthanized for the purposes of harvesting tissue or implanted materials is defined by elapsed time 
after experimental manipulation. For example, animals might be euthanized minutes, hours, days, or 
longer after initial manipulation, and these time points are designed to permit the investigator to study 
the biological response to some manipulation over time. Interestingly, changes in tissue induced by the 
hypoxia associated with euthanasia has led some to argue that collection on anesthetized, but alive, ani-
mals allows superior outcome (Overmyer et al. 2015). Other experimental criteria used to define the time 
of euthanasia are occasionally based on other criteria related to a biological response, such as a defined 
tumor volume (Yapp et al. 1998).

Although not strictly an experimental endpoint, circumstances sometimes arise in which animals are 
euthanized because they are no longer needed for the research, for example, at the conclusion of studies 
that do not require euthanasia as part of the experimental design or in the case of breeding colonies that 
generate animals of a genotype that are not needed for the research. In the spirit of reducing the number 
of animals used in or produced for research, the manager should encourage oversight of breeding colo-
nies in such a way that the number of animals of the required genotype produced closely matches the 
number needed. In some cases, animals that are not needed for research can be transferred to another 
project after approval by the IACUC to do so, assuming that the animals have not already been used in 
research that would preclude additional use, such as an additional survival surgical procedure. It is also 
possible that animals not needed for research might be adopted out as pets. In such cases, the institution 
should ensure that the animal is healthy and that the adopter can responsibly provide for the needs of the 
animal. It would be important that legal counsel for the institution review the planned process for adop-
tion and that the policy meets all state and local regulations. Some institutions make arrangements with 
bird sanctuaries or zoological parks to use naïve euthanized animals as a food source.

Experimental Humane Endpoints

Sometimes, animals must be euthanized because they are ill. In some cases, this is the result of spon-
taneous and unexpected disease, while in other cases, illness may be associated with experimental use, 
age, or phenotype. In the case of the former, decisions to euthanize an animal are usually based on the 
professional judgment of the veterinarian and made in consultation with the research team. With respect 
to the latter, defined endpoints are often stated within the protocol approved by the IACUC so that per-
sonnel have a predetermined point of reference from which to make decisions when animals decline 
clinically. Such defined endpoints generally reflect the sort of sound veterinary judgment that guides the 
decision to euthanize an animal due to illness unrelated to experimentation and is based on specified 
clinical criteria. In any case, the overall goal is to mitigate the pain or distress of the animal that would 
be otherwise unrelieved.
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The precise endpoints that are defined for a study may depend on the type of animal model used and 
the goals of the research. Identifying acceptable humane endpoints is especially important for those 
studies in which animals may experience significant and unrelieved pain or distress, such as those 
involving tumor growth, infectious disease, and toxicology. The endpoints agreed to by the IACUC, the 
investigator, and the veterinary team should address the needs of the animals, yet allow reasonable room 
for conduct of the study. It is important that all personnel involved with the care and use of the animals 
clearly understand up front what these endpoints are and what happens when they are reached. In addi-
tion, a plan or system that aids rapid communication between personnel and facilitates decision making 
as endpoint criteria are reached is essential.

It is sometimes difficult to determine the exact point at which pain or distress changes from tolerable to 
intolerable; thus, humane endpoints are somewhat subjective but should be based on sound professional 
judgment with input from the veterinary team. Some typical parameters that might be used as endpoint 
criteria include

 1. Level of activity. Animals that are lethargic may be experiencing pain or distress. For example, 
an animal that is in pain could be unwilling to move. Similarly, animals that are severely ill 
due to various forms of metabolic disease may demonstrate lethargy. Many times, failure to 
groom will result in an unkempt appearance. In addition, vocalization can sometimes indicate 
the presence of pain or distress, such as the whining of a dog. Further, lack of vocalization, such 
as the absence of singing in a songbird, may also suggest that the animal is experiencing pain 
or distress.

 2. Decreased food and water consumption. Careful attention should be paid to the amount of food 
and water consumed by research animals, since decreases may signal significant pain and/or 
distress. It is important, therefore, that the amount normally consumed be known.

 3. Body weight. Along with decreased food and water consumption, loss in body weight can sig-
nal a decline in the animal’s health. If the animal has a tumor (spontaneous or induced), body 
weight may not be as useful for determining health status, as the tumor can artificially alter the 
animal’s true weight. In this case, other criteria should be considered. For example, body condi-
tion scoring has been used to evaluate health status in mice (Ullman-Cullere and Foltz 1999).

 4. Body temperature. A persistent or precipitous rise or decrease in body temperature can indicate 
significant illness and can be used to define humane endpoints. In particular, hypothermia is 
a good indicator of impending death, and it is common to use a decrease in body temperature 
below a specific point as an endpoint (Toth 2000; Cates et al. 2014; Dellavalle et al. 2014).

 5. Behavior and alertness. Listlessness, aggressiveness, or otherwise abnormal behavior can be 
signs of significant pain and distress in animals, and behavior and activity levels can be used as 
criteria in euthanasia decisions (Warren et al. 2014). As a result, it is important that personnel 
clearly understand what the expected normal behavior of a given species of animal is so that 
they may accurately note the occurrence of behaviors that are not normal.

 6. Evidence of infection. Infection may be associated with surgical wounds or result from oppor-
tunistic microbes associated with a debilitated animal. Signs of infection vary but may include 
discharge from wounds, fever, and listlessness.

 7. Presence of wounds or tumors. Unexpected traumatic wounds or nonhealing surgical wounds 
may be severe and merit euthanasia of the animal. Likewise, tumors that occur spontaneously 
or are the result of experimental manipulation may grow very large and abrade to the point of 
being an open wound, become necrotic, interfere with locomotion or normal function of a tis-
sue, or significantly impact the health and well-being of the animal in other ways.

 8. Clinical pathology. Parameters related to hematology and clinical chemistry can be used to 
weigh humane endpoint decisions. For example, in Ebola virus–infected nonhuman primates, 
extreme alterations to several commonly monitored serum parameters were related to survival 
outcome and could therefore be used to reasonably establish endpoint criteria, particularly 
when evaluated in conjunction with measurements of body temperature and activity levels 
(Warren et al. 2014).
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The above are examples of endpoint criteria that might be used. Of course, there are others, and in 
all cases the specific point at which an animal would need to be euthanized should be defined before 
the study begins, and it should be specific. For example, it may be determined that animals on a study 
should be euthanized when they lose 15% or 20% of their body weight (compared with age-matched 
controls) or when a tumor reaches a certain measurable size. In some cases, endpoints are reached 
when a combination of factors are considered. In this regard, scoring systems have been developed that 
consider clinical observational data as a means to identify humane endpoints (Nunamaker et al. 2013; 
Warren et al. 2014).

Veterinary Medical Conditions

Illness that is not caused by experimental manipulation can occur in animals as a result of their 
genotype, or it may be spontaneous. With respect to genotype, illness may be expected in animals 
whose genome has been altered as a way to create an animal model of a disease, although sometimes 
genomic alterations result in phenotypes that are unexpected and may be deleterious to the health of 
the animal. In such cases, the IACUC should be informed of the unexpected phenotype-associated 
illness.

Similar to humans and pet animals, laboratory animals may develop spontaneous illness, such as 
tumors, diabetes, renal disease, and others. This is especially true in aged animals. Laboratory animals 
may also experience illness associated with trauma, for example, that associated with fighting.

Any animal experiencing illness should be reported to the veterinary staff. Animals with severe ill-
ness due to spontaneous conditions or phenotype should be evaluated the same as those with illness due 
to experimental manipulation; that is, illness that is of clinical severity associated with poor outcome 
should be euthanized. In this regard, it is essential to invoke the opinion of the veterinarian.

Methods of Euthanasia

The AVMA has published guidelines for the euthanasia of animals, and those guidelines are widely 
considered to be the authoritative document on the subject (AVMA Panel on Euthanasia 2013). The 
AVMA guidelines consider various methods of euthanasia as being acceptable, acceptable with condi-
tions, or unacceptable. Acceptable methods reliably result in the humane death of the animal, methods 
that are acceptable with conditions are those that require some additional conditions to be met in order 
for humane death to reliably result, and unacceptable methods are those that are regarded as inhumane.

With respect to research animals, selection of a euthanasia method should ensure humane death, as 
well as meet the experimental needs of the study (Angus et al. 2008; Karmarkar et al. 2010; Hazzard et 
al. 2014). With respect to the former, it is common to confirm death by means of an adjunctive (second-
ary) method, such as induction of pneumothorax, cervical dislocation (in rodents), or exsanguination. 
The method chosen should also consider the impact on personnel, in terms of both safety and emotional 
load, as individuals may perceive and respond differently to performing or witnessing euthanasia. In 
addition, it is good practice to euthanize animals out of the sensory range of other animals in order to 
minimize distress to those nearby.

The euthanasia methods used can be categorized with respect to whether they utilize pharmacological 
or chemical agents versus physical methods. The methods described here are not an exhaustive list of 
all possible methods, but rather represent methods that are commonly used for euthanasia of research 
animals.

Pharmacological and Chemical Methods

Methods for euthanasia that employ either drugs or chemicals generally involve exposure of the animal 
to the agent via inhalation or other routes of administration, such as intravenous or, in the case of aquatic 
species, immersion. When such agents are used, it is advisable to use pharmaceutical-grade compounds 
to ensure a smooth and rapid death of the animal.
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Methods Involving Inhaled Agents

Inhaled agents are generally easy to use and can be used to euthanize larger numbers of animals at a 
single time. This approach is very commonly used to euthanize rodents. The most common agents used 
include carbon dioxide (CO2) and halogenated fluorocarbon anesthetics, such as isoflurane.

Carbon Dioxide

CO2 is an odorless, colorless gas that rapidly induces narcosis, progressing to death when used prop-
erly. Most commonly, CO2 is administered to animals contained within a chamber into which ani-
mals, or the home cage housing the animals, are placed. Animals placed in a chamber should not be 
crowded; thus, the typical chamber size accommodates rodents but not larger species. Animals to 
be euthanized as a group should be compatible and of the same species. A compressed gas cylinder 
equipped with a regulator and flowmeter is the preferred source of CO2. Although some have histori-
cally used dry ice as a CO2 source, it is widely regarded as unacceptable because of the inability to 
closely control CO2 concentration, as well as the risk for pain and distress to the animals resulting 
from thermal injury.

CO2 should be administered to chambers containing animals to be euthanized at a displacement 
rate of 10%–30% chamber volume per minute (AVMA Panel on Euthanasia 2013). It has been deter-
mined that this rate allows for rapid euthanasia of animals. A flowmeter attached downstream of the 
regulator is useful to consistently achieve flow rates that have been calculated to meet the 10%–30% 
displacement goal. Animals are usually left in the chamber until visible movement has ceased, and 
it is recommended that a method to confirm death is used. Because immature animals tolerate low 
oxygen levels better than adults, they require extended exposure time to CO2 for death to result 
(Klaunberg et al. 2004).

Because CO2 is heavier than atmospheric air, it is important to purge the chamber of remaining CO2 
between groups so that it does not build up to levels that would cause pain and distress to the animals 
(Djoufack-Momo et al. 2014). Commercially available systems exist that automatically regulate the flow 
of CO2 and purge the chamber following a period that allows for death of the animals. Some such sys-
tems involve a single chamber, while others allow for multiple cages placed on a rack to be euthanized 
simultaneously.

Halogenated Fluorocarbon Anesthetics

The class of halogenated fluorocarbons includes several agents that are commonly used as anesthet-
ics for surgery, including isoflurane, sevoflurane, halothane, and enflurane. Of these, isoflurane is the 
most commonly used. When administered as an overdose, these agents can be used for euthanasia of 
animals. Note that ether is sometimes used for anesthesia and euthanasia; however, its use is discour-
aged due to risks associated with its high flammability and explosive potential (including carcasses of 
animals euthanized by ether), as well as respiratory tract irritation following inadvertent inhalation 
by personnel.

Inhaled anesthetics are sometimes administered to rodents by means of placing an anesthetic-soaked 
cotton ball in a bell jar that includes a platform on which the animals may stand to avoid direct contact 
with the anesthetic. This method does not allow control of the anesthetic concentration, the buildup 
of high anesthetic concentrations may be distressful to animals, and the risk of personnel exposure to 
waste gas exists. The preferred method for administration of inhalant anesthetics is via precision vapor-
izer, a tool that carries specified concentrations of anesthetic, along with oxygen, or another carrier gas, 
to the animal or the chamber in which the animal is placed. The chamber should be gradually filled. 
Commercial systems are available that feed a specified concentration of anesthetic into a chamber at a 
constant rate. Any system using halogenated fluorocarbons for euthanasia should be equipped with a 
means to scavenge waste gas away from personnel. Another option is to initially anesthetize the animal 
with isoflurane and then use CO2 for euthanasia.

In general, inhaled anesthetics are used for euthanasia of small animals weighing less than 7 kg 
(AVMA Panel on Euthanasia 2013). It is recommended that once voluntary movement of the animal has 
ceased, adjunctive procedures be followed to confirm death.
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Methods Involving Noninhaled Agents

Some agents used for euthanasia are administered to animals by means other than inhalation. For the 
most part, such agents are administered intravenously in nonaquatic species, and via immersion in 
aquatic species. Although many anesthetics could be used to induce death by overdose, some of the com-
mon noninhaled agents are described here.

Euthanasia Solutions

Solutions containing compounds such as sodium pentobarbital and phenytoin are commercially avail-
able for euthanasia of animals. Although pentobarbital is classified by the U.S. Drug Enforcement 
Agency as a Schedule II drug, euthanasia solutions containing pentobarbital are typically classified as 
Schedule III drugs. These solutions require special storage and documentation requirements for their 
use. For purposes of euthanasia, solutions are administered as an intravenous overdose and induce 
profound depression of the central nervous system, resulting in deep anesthesia, followed by death. 
Although quick, it is important to ensure death so that recovery from very deep anesthesia does not 
occur.

Potassium Chloride

Solutions of potassium chloride cause cardiac arrest when administered intravenously or intracardially 
and have been used to induce euthanasia, typically in larger mammals such as cattle and swine. Because 
of the distress likely to occur in conjunction with cardiac arrest, animals need to be deeply anesthetized 
prior to administration of potassium chloride. Pharmaceutical-grade preparations of potassium chloride 
at concentrations needed for euthanasia are generally not available commercially.

Tricaine Methanesulfonate

Tricaine methanesulfonate (MS-222) is commonly used for euthanasia of aquatic species. Animals are 
typically immersed in solutions that are pH buffered with sodium bicarbonate. Specific concentrations 
used are typically 200–300 mg/L. Immersed animals progress from deep anesthesia to death; however, 
it is standard practice to ensure death by means of a secondary method. Pharmaceutical-grade prepara-
tions of MS-222 are available for temporary immobilization of aquatic species (U.S. Food and Drug 
Administration 2015).

Clove Oil

A primary component of clove oil is eugenol, a compound with anesthetic properties. Similar to MS-222, 
aquatic species can be euthanized by immersion in a clove oil solution, followed by a secondary method 
to ensure death.

For zebrafish fry, it has been demonstrated that hypothermic shock is a more effective means for eutha-
nasia than immersion in MS-222 or eugenol, although extended exposure times are needed (Strykowski 
and Schech 2015).

Physical Methods of Euthanasia

A variety of physical methods can be employed for rapid euthanasia of animals, particularly small 
rodents. When a secondary method to ensure death is appropriate, a physical technique is most com-
monly employed. Some of the more common physical methods are described here. Although true for any 
method of euthanasia, it is particularly important for those using physical methods to be well trained and 
skilled. For training of individuals to properly use these methods, it is suggested that animals that have 
already been euthanized by other means or are deeply anesthetized be used. Although common physical 
methods for the euthanasia of rodents and small birds are covered here, one may wish to note that physi-
cal methods such as the captive bolt and electrocution are sometimes used for euthanasia of livestock, 
primarily in meat production circumstances.
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Cervical Dislocation

Used primarily for euthanasia of small mammals weighing less than 200 g and small birds, the objective 
of cervical dislocation is to separate the first cervical vertebra from the skull, thereby disrupting essential 
brain function and resulting in death. Briefly, the skull is firmly held in place and the trunk of the animal 
quickly and firmly pulled in the reverse direction so as to separate the cervical vertebra from the skull. 
Devices designed for cervical dislocation of small rodents are available commercially (Stoelting Co., 
Wood Dale, Illinois). The method can be aesthetically displeasing to some individuals, and so consider-
ation should be given to alternative methods when appropriate. It is preferable to use cervical dislocation 
for euthanasia in combination with deep anesthesia when possible.

Decapitation

Primarily used for small animals such as rodents, decapitation is sometimes used in instances in which 
tissues or body fluids must be recovered quickly after euthanasia. Although it is recommended that ani-
mals first be anesthetized, scientific reasons sometimes require that decapitation be performed on the 
unanesthetized animal. Guillotines are commercially available for the purpose of decapitation, and it is 
important that a program be in place for routine maintenance of the guillotine to ensure the instrument 
remains sharp and operational. Following use, it is important that equipment be sanitized. Neonatal 
rodents are sometimes euthanized in this way, and since an appropriate-size guillotine is not available, 
sharp scissors can be used. In all cases, it is important that the animal be immobilized so that decapita-
tion occurs quickly and precisely, resulting in death of the animal rather than severe injury. For rodents, a 
disposable, flexible plastic restrainer is available that provides sufficient immobilization (DecapiCone®, 
Braintree Scientific, Inc., Braintree, Massachusetts). As with cervical dislocation, this method can be 
aesthetically displeasing to some individuals, and so consideration should be given to alternative meth-
ods when appropriate. It is preferable to use decapitation for euthanasia when combined with anesthesia. 
Special care needs to be exercised, due to the increased personnel hazard associated with a guillotine.

Thoracic Compression

Sometimes used for euthanasia of small mammals and birds, thoracic compression is of value in field study 
circumstances where it is not practical to carry equipment or compounds needed for some of the other 
methods of euthanasia already mentioned. Briefly, the method is performed by placing quick, firm pressure 
on the upper chest, resulting in respiratory compromise and relatively quick death. Although this method is 
advocated by some for use in field circumstances (Sikes et al. 2011), the most recent recommendation of the 
AVMA (2013) regards the technique as unacceptable in unanesthetized animals due to presumed distress.

Confirmation of Death

The objective of euthanasia is, of course, death of the animal, and although the methods described here 
are designed to achieve that objective, it is essential that death be confirmed. This is especially true of 
pharmacological methods. Typically, death is confirmed either through close observation of the animal 
or by use of adjunctive techniques. Both approaches are described here.

Observation

Very close observation can be used to confirm death of animals, but it must be undertaken with care to 
ensure that animals are not merely deeply anesthetized or unconscious at a point from which they might 
revive. Toward this end, it is helpful, in a larger animal, to listen with a stethoscope for the heartbeat. 
Once an extended period of time (generally10 minutes or longer) has elapsed after the euthanasia method 
has been performed, animals can be assessed for any movement, including respiratory movement of the 
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chest. With enough time, the muscles of a dead animal will stiffen (rigor mortis) and observation of such 
can be taken as evidence of death.

Adjunctive Methods

Because confirmation of death by observation relies on the somewhat subjective skill and interpretation 
by personnel, the potential for error is greater compared with assurance of death by means of addi-
tional physical methods. Any of the physical euthanasia methods described earlier in this chapter can be 
employed after the presumptive demise of the animal to further ensure death. Typically, these methods 
would only be done following induction of deep anesthesia by use of a pharmacological agent. In addi-
tion to the physical methods already described, several additional techniques can be employed to ensure 
death:

Exsanguination

Withdrawal of a large blood volume can be used to ensure the death of the animal and prevent resuscita-
tion. Typically, this would require removal of at least 25% of the animal’s calculated blood volume.

Pithing

This method involves insertion of a sharp tool just beneath the base of the skull in an attempt to destroy 
the brainstem, thereby disrupting brain function essential for survival. This is sometimes performed in 
amphibians and requires extensive training.

Perfusion

For some studies, it is important to clear the vasculature of blood and instill a fixative, such as para-
formaldehyde. This should be performed only on deeply anesthetized animals. Usually, intravascular 
access is established by means of a catheter or sometimes, in the case of small rodents, a needle and 
syringe. Saline is first administered slowly and at a volume sufficient to replace the blood. Next, the fixa-
tive is perfused in the same manner. Death quickly results from this method. It is important to seek the 
advice of institutional safety experts to establish practices for working with fixatives.

Personnel Training and Oversight

Training Personnel to Perform Euthanasia

The importance of proper training on euthanasia techniques is stressed in many regulatory and guidance 
documents (National Institutes of Health 1986; Committee for the Update of the Guide for the Care and 
Use of Laboratory Animals 2011; AVMA Panel on Euthanasia 2013). Proficiency in euthanasia tech-
niques, as well as identifying humane endpoints and procedures that minimize pain and distress, pro-
motes animal welfare and ensures the safety of personnel. Training programs should include information 
on the methods of euthanasia personnel are expected to utilize, depending on the species they work with, 
and should provide information regarding how the chosen technique induces loss of consciousness and 
death (AVMA Panel on Euthanasia 2013). When selecting a euthanasia method, consideration should 
be given to minimizing pain and fear experienced by the animal (Artwohl et al. 2006). Techniques for 
minimizing pain and distress may vary by species and can include euthanizing animals in their home 
cage, using proper methods of handling and restraint, and providing animals with a familiar and quiet 
environment.

Research and animal facility staff must also be trained on techniques used to verify death. This is 
generally accomplished by confirming cessation of vital signs, mainly the heartbeat. It should be stressed 
to staff during training that some animals may appear to be dead following euthanasia but may recover 
following disposal if death has not been confirmed. Additionally, it has been shown that neonatal rodents 
are more resistant to hypoxia, and a prolonged exposure to CO2 is necessary for euthanasia by this method 
(Klaunberg et al. 2004; Pritchett et al. 2005). Exposure times of 10–60 minutes have been recommended 
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for neonatal mice based on age (Pritchett et al. 2005). For these reasons, it may be necessary to require 
increased exposure times or include a secondary method of euthanasia, such as bilateral thoracotomy, 
cervical dislocation, or decapitation, following CO2 euthanasia of neonatal rodents. In either case, the 
amount of time spent by staff performing euthanasia may increase, but is necessary to ensure complete 
and humane euthanasia in accordance with the guidelines.

Euthanasia training programs should take into account the potential for significant variation in learn-
ing styles among those who work in laboratory animal facilities. Age, cultural or socioeconomic differ-
ences, educational levels, and English as a second language may affect the way an individual processes 
and retains information (Kennedy 2002). Presenting information in multiple formats may be useful 
during training sessions. These may include verbal presentation, providing written materials, demonstra-
tions by the trainer, and hands-on practice by trainees. This will allow the manager or trainer to confirm 
proficiency prior to allowing individuals to perform the procedure without observation. This is particu-
larly important when training personnel on procedures that have a direct impact on animal welfare, such 
as euthanasia techniques.

Even with significant training on proper technique, performing euthanasia can be difficult for some 
animal facility personnel. They may find it difficult to euthanize specific animals for which they have 
cared or may be uneasy performing certain euthanasia methods. It is recommended that the chosen 
methods of euthanasia take into account the effects of the method on personnel (Artwohl et al. 2006; 
AVMA Panel on Euthanasia 2013). The use of CO2 for the euthanasia of rodents may be less distress-
ful to personnel than physical methods (Pritchett et al. 2005), such as decapitation or thoracotomy. The 
manager should discuss concerns regarding euthanasia practices with personnel on a case-by-case base 
in order to find an acceptable resolution. For instance, animal care technicians or technologists who 
routinely perform CO2 euthanasia of rodents but are uncomfortable performing a secondary method 
per facility or institutional requirements may need to work with another member of the animal care or 
veterinary team to complete these procedures. While performing euthanasia is generally a job require-
ment of the animal care position, making it mandatory for those with a significant aversion to a specific 
technique may result in the loss of high-quality animal care personnel. It is recommended that manag-
ers discuss animal use protocols in detail with facility personnel, including the necessity for euthanasia 
(Wolfle 1985; Overhulse 2002). Principal investigators or their research staff may also be requested to 
speak to animal facility personnel regarding the goals of their research and the importance of the animal 
caretakers to their work. Being involved in larger discussions about research projects may alleviate some 
of their concern and facilitate their participation in euthanasia procedures, as well as instill a sense of 
pride in being involved in scientific discoveries that could lead to treatments for human or animal disease 
and ease the suffering of both (Herzog 2002).

Psychological Impact of Euthanasia on Personnel

Many animal caregivers and other animal facility personnel chose these jobs due to their affinity for 
animals and a desire to provide for their care and well-being. Often, bonds form between animals and 
those who care for them (Arluke 1996; Bayne 2002; Herzog 2002; Overhulse 2002). Being involved in 
the euthanasia of animals, especially those they have worked closely with, can be difficult for person-
nel. The killing–caring paradox describes situations in which individuals must euthanize the animals 
for which they provided care (Arluke 1994). Similarly, Rollin uses the term moral stress to describe the 
stress experienced by individuals who must euthanize animals for reasons that do not directly benefit the 
animal; it stems from a conflict between an individual’s reasons for working in an animal-related job and 
having to euthanize the animals in their care (Rollin 1986, 2011).

Multiple studies have been conducted to evaluate the psychological impact of euthanasia on personnel 
from animal shelters, research facilities, and veterinary clinics. Reeve et al. (2005) sought to determine 
the extent of euthanasia-related strain among shelter workers and its effects on overall employee well-
being. The results showed evidence that animal euthanasia was an important source of job strain for 
employees and was associated with increased levels of general job stress, work and family conflict, and 
somatic complaints. In another study, Rohlf and Bennet (2005) explored possible perpetration-induced 
traumatic stress (PITS) among veterinary clinic, research laboratory, and animal shelter employees whose 
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jobs required the euthanasia of animals. PITS is similar to posttraumatic stress but differs in that those 
with PITS actively participate in traumatic events. They found that 11% of participants reported moderate 
levels of traumatic symptoms, and that PITS is a valid avenue of study in animal workers. Additionally, 
the results revealed that only one-quarter of the participants had received grief counseling or stress man-
agement, leading the authors to recommend that education of employees in these areas be implemented.

As some level of psychological impact is expected among those who work in animal facilities, it is 
important that managers acknowledge the potential stress that employees can experience due to the 
formation of bonds with research animals (Herzog 2002). It is also necessary for managers to recognize 
the impact that performing euthanasia may have on employees and provide resources for those that need 
additional support (Chang and Hart 2002). The American Association for Laboratory Animal Science 
(2015) has recommended several additional steps that managers can take to support employees involved 
in the euthanasia of animals:

 1. Learn and recognize stressors to personnel related to euthanasia.

 2. Institute an open-door policy with supervisors and administrators.

 3. Provide a pleasant work environment.

 4. Supply a comfortable break area.

 5. Offer education relative to humane care and use and ethics.

 6. Recruit investigators to conduct informational seminars for the research team highlighting the 
various aspects of their particular study (especially desired benefits and outcomes).

 7. Recruit investigators to detail the significance of specific endpoints of the experimentation.

 8. Encourage group support meetings among laboratory personnel, and enlist the aid of an outside 
professional to facilitate therapeutic sessions.

 9. Ensure that individuals are properly trained in the procedures of euthanasia, including mecha-
nisms of action and how each contributes to ensuring a humane death.

 10. Initiate policies that do not require the technician caring for long-term animals to participate in 
the euthanasia of those animals.

 11. Honor the request of an individual to be excused from euthanizing an animal to which he or she 
is particularly attached.

 12. Allow homes to be found for research animals suitable for adoption (after soliciting institu-
tional and IACUC approval).
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36
Future Directions and Challenges

Joseph N. Benoit, Robert H. Weichbrod, John N. Norton, and Janet C. Garber

Managing the Biomedical Research Enterprise 
and the Global Status of Laboratory Animal Welfare

The latter part of the twentieth century and beginning of the twenty-first century represents an age 
of scientific discovery, knowledge application, globalization, and social awareness that are unlike any 
other periods in the history of the world. The last 50 years have seen a rapid and continuous growth of 
the global biomedical research enterprise that includes a worldwide increase in organizations conduct-
ing research, teaching, and testing using experimental animals. Bornmann and Mutz (2015) estimated 
the post–World War II growth rate of global scientific output to be 8%–9% per year, which equates to a 
doubling of published information every 9 years. This rate of discovery is far greater than the estimated 
1% of the eighteenth century and 2%–3% of the period between the two World Wars. As the research 
enterprise has grown, along with the speed of global communications, so has the awareness of the public 
with respect to new knowledge of complex biological systems, health care improvements, and oversight 
of research. Expectations of accountability to the public in areas of biomedical research have grown out 
of increased access to information, social awareness of the general public, and the lessons of history. 
Globalization of biomedical research has also triggered a worldwide awareness of ethics, with greater 
influence from the citizenry and consumers (Degeling and Johnson 2015), who are often shaping regula-
tions designed for oversight of the research enterprise. With respect to laboratory animal welfare, there 
has been an increase in both the addition and amendment of laws, regulations, and guidelines designed 
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to address public concern, promote the health and welfare of research animals, and ensure consistent 
practices in facilities engineering, husbandry, veterinary care, and program monitoring. Overall, the bio-
medical research enterprise is more attentive to the welfare of research animals than ever before. Yet par-
ties on both sides of the discussion regarding the use of animals in research continue to debate whether 
the regulations and oversight are excessive or insufficient. In response, new regulations and guidelines 
have emerged, and in other instances, the scientific community has responded through self-imposed 
regulation (Degeling and Johnson 2015). The challenge is to balance the wide range of expectations fac-
ing the research community in the future.

The purpose of this chapter is to examine some of the common challenges facing the global biomedi-
cal research community, with emphasis on emerging discussions related to regulatory burden and risk 
mitigation. The authors also recognize that the rule of law is implemented differently around the world, 
and that it would be beyond the scope of this chapter to attempt to provide a meaningful review of 
the myriad international differences in how law is developed and enforced in different countries, 
and the potential challenges of harmonization (covered in Chapters 7 and 8). As such, we have 
approached the topic of future directions and challenges from the perspective of institutional commit-
ment, oversight, and the regulatory environment, with the goal of helping institutional researchers and 
research administrators gain an understanding of the complexity of the biomedical research environment 
involving animal care and use.

Regulatory Challenges

King et al., in Chapter 7 of this volume, describe the oversight of animal research that exists in today’s 
care and use environment. At the top of the list are regulations (i.e., laws, rules, and decrees), which 
are created by governing bodies or government agencies to address matters deemed to be reflective of 
the will of the citizens. Lower in the hierarchal scheme are the vast array of guidelines, best practices, 
industry standards, institutional policies, and accreditation standards that represent interpretations of the 
laws or, in some instances, implement local policies designed to extend the requirements of the law into 
species not covered by the law. While the benefits of government and self-regulation on animal welfare 
cannot be disputed, neither can the fact that administrative procedures developed to address regulations, 
policies, and practices are viewed as burdensome and challenging for both the scientists and the research 
institution. To this end, seemingly harmless administrative practices that are not required by animal 
welfare regulations and do little to improve animal welfare or the quality of the research become an 
unnecessary focus of institutional research administrators. From a researcher perspective, the collective 
practices, whether self-imposed or externally mandated, are viewed as a regulatory burden.

Regardless of the source, the number of regulations in the United States has grown over the past 
25 years. A recent analysis of data from the U.S. Council on Government Relations (COGR) by the 
Federation of Societies for Experimental Biology (FASEB) has shown a dramatic increase in the 
cumulative number of unfunded mandates applicable to research institutions since 1991 (FASEB 
2015). The number of U.S. government–promulgated new or substantially changed regulations has 
increased from approximately 1.5 per year in the early 1990s to approximately 5.8 per year in more 
recent years (2002–2014). With more regulations to attend to, many institutions have chosen to 
implement conservative, sometimes overzealous, practices of self-imposed administrative practices 
that they view as necessary to minimize institutional risks and ensure compliance. In fact, risk aver-
sion has been suggested to be a major contributor to excessive regulation and a source of regulatory 
burden (Haywood and Greene 2008; Thulin et al. 2014). In addition to institutional-level policies, 
current data also suggests that federal agency risk aversion may be contributing to the increased reg-
ulatory burden in the United States. A recent National Academies report, Optimizing the Nation’s 
Investment in Academic Research (National Academies of Sciences, Engineering, and Medicine 
2016), indicated that the requirements of some federal agencies (e.g., the National Institutes of 
Health [NIH]) seem to strive for a zero-risk environment. In doing so, government agencies have 
instituted intensive oversight, monitoring, and compliance documentation processes that “require 
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significant commitment by the institution and the investigator without any direct significant benefit 
for animals” (Haywood and Greene 2008).

Expanding Oversight and the Compliance Environment

Perhaps the biggest challenge, if not threat, to the biomedical and animal science research com-
munity in the United States is the varied requirements for oversight and reporting imposed by the 
different federal agencies that fund research. While the rules and guidance documents are devel-
oped to ensure the humane treatment of animals and to assure the public that scientific investiga-
tion is conducted in accordance with the highest ethical standards, these same regulations have 
placed significant documenting requirements and financial burdens on research institutions, which 
have had to expand administrative offices to add staff and augment associated data management 
tools devoted exclusively to regulatory compliance. Challenges for research institutions in areas of 
regulatory compliance are compounded by reductions in funding for biomedical research, as well 
as the development of a “culture of overcompliance” in research organizations that are attempting 
to avoid penalties or liabilities that may result from noncompliance. Enhanced U.S. Department 
of Agriculture (USDA) enforcement of the Animal Welfare Act (AWA) and revision of the USDA 
Animal and Plant Health Inspection Service (APHIS) inspection requirements focus additional 
attention to risks of noncompliance at the institutional level (American Physiological Society 2010). 
The tendency for risk aversion in many institutions eclipses that of rationale risk mitigation and 
often leads to unnecessary time-consuming practices that extend well beyond legal requirements 
(FASEB 2015). Concerns of the scientific community and institutional administrators that increases 
in regulatory burden were detracting from the work of scientists in research and discovery recently 
garnered the attention of the U.S. Congress. As a result, Congress tasked the National Academies 
of Science, Engineering, and Medicine with the examinations of federal regulations designed to 
support basic and applied research. In doing so, Congress requested that the report include recom-
mendations that would (1) “assess the effectiveness of current regulations to achieve their intended 
purposes and modify those that are currently ineffective,” (2) “decrease redundancies of effort due 
to different government agencies utilizing different formats and requirements for receipt of similar 
information,” and (3) “develop new mechanisms for government agencies and academia to develop 
joint recommendations that best achieve regulatory intent and optimize the federal investment in 
research” (National Academies of Sciences, Engineering, and Medicine 2016). The findings of this 
report, while centered on U.S. government–funded research at U.S. universities and research cen-
ters, underscore a series of challenges facing the global research community in an increasingly “flat 
world” (Friedman 2005). The committee recommendation for animal research centered on three 
major areas: (1) feasibility of harmonization, (2) streamlining federal and agency reporting, and 
(3) institutional-level streamlining of self-regulation.

Identification of a need for harmonization of regulations in the United States represents a major 
step forward for research programs. The National Academies report on optimization uses data from 
the COGR and compiled by FASEB to illustrate the reporting challenges facing researchers in 
the United States. The data shows an increase in the number of regulatory and guidance docu-
ment changes applicable to research institutions since 1991. Self-regulation, overregulation, and risk 
management represent major temptations and, in some instances, legal challenges for many institu-
tions. The temptation to overregulate at the institutional level is often the result of a philosophy of 
zero risk rather than one of risk mitigation. Haywood and Greene (2008) examined the sources and 
potential consequences of self-imposed regulatory burden on animal care programs and suggested 
that an overzealous regulatory environment may actually alienate scientists and create an environ-
ment where researchers may attempt to (1) circumvent regulations, (2) avoid conducting research in 
animals, (3) bypass funding opportunities that require animal studies to address important research 
topics, and (4) divert institutional funds into administrative areas concerned with compliance and 
away from areas directly responsible for animal care.
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Governmental Sources of Regulation and Legal Challenges 
Related to Regulatory Burden

United States

Federally funded research in the United States is awarded to research universities and research organiza-
tions by as many as 13 different government agencies. All these agencies embrace the U.S. Government 
Principles for the Utilization and Care of Vertebrate Animals Used in Testing, Research, and Training 
(U.S. Department of Health and Human Services 2015) and are required to comply with the AWA and 
amendments (USDA 2013). In addition to these regulations and dependent on the agency providing the 
funding, oversight of animal research programs may also have to be responsive to more than 20 other 
government -generated principles, statutes, agency policies, directives, and reference manuals. Depending 
on the agency, animal researchers may need to be accountable to as few as 2 (i.e., Environmental 
Protection Agency [EPA]) and as many as 10 (i.e., Centers for Disease Control and Prevention [CDC]) 
different government regulations, policies, and guidelines (Figure 36.1) (FASEB 2015). Large and com-
plex research organizations often have research supported by multiple federal agencies, and therefore 
must be accountable to each agency. Complying with the rules of U.S. agencies is further complicated 
by the fact that interagency rules and regulations on animal welfare are inconsistent and may contradict 
each other. Ensuring compliance with all the aforementioned regulatory components represents one of 
the biggest challenges facing research administrators and researchers, as differences in federal agency 
regulatory requirements impose a need for extensive tracking and reporting systems. Excessive, duplica-
tive, and specific reporting requirements place undue strain on institutional-level research administra-
tion and often result in the diversion of resources, both financial and personnel, away from conducting 
research to administrative support areas charged with tracking, monitoring, documenting, and reporting 
on compliance. Researchers are also impacted by having to devote more time to satisfying the reporting 
requirements and less time on the generation and dissemination of new knowledge.
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FIGURE 36.1 (See color insert.) Number of animal welfare regulations that different U.S. agencies require research-
ers to follow. NIST, National Institute of Standards and Technology; NOAA, National Oceanic and Atmospheric 
Administration; USAID, U.S. Agency for International Development; VA, Department of Veterans Affairs; FDA, Food and 
Drug Administration; NSF, National Science Foundation; DOD, Department of Defense; DHS, Department of Homeland 
Security. (Based on data from Dr. J. R. Haywood presented in National Academies of Sciences, Engineering, and Medicine, 
Optimizing the Nation’s Investment in Academic Research: A New Regulatory Framework for the 21st Century, National 
Academies Press, Washington, DC, 2016.)
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European Union

The governmental regulatory environment in other parts of the world parallels that observed in the 
United States. A recent report by Bert et al. (2016) explored some of the challenges that European 
Directive 2010/63/EU is placing on the scientific community in Europe. Issued as a directive rather than 
a regulation, 2010/63/EU sets out goals that all European Union (EU) countries must achieve by develop-
ing their own laws that are largely wrapped around the framework of the directive. The issuing of a direc-
tive by the EU provides considerable flexibility in that it allows member states to create regulations that 
conform to the culture and will of their people within a framework that promotes harmonization and high 
standards in animal welfare across the EU. However, critics of the directive claim that it is vague in some 
areas, which places the onus of interpretation on the member states. This could lead to discrepancies in 
how animal welfare regulations are managed within the EU. For example, an overzealous interpretation 
of the directive by some countries, particularly in areas of the directive’s goal of “full replacement of 
procedures on live animals for scientific and educational purposes as soon as it is scientifically possible,” 
could lead to premature halting of animal research, thereby impeding scientific research and discovery. 
The development and pending implementation of strict legislated limits to animal research in Italy serves 
as a prime example of how extreme legislation can negatively impact animal research (Abbott 2013). At 
present, it is difficult to predict whether disparities in regulatory burden between member states will 
emerge under the directive or if the goals of harmonization of animal welfare standards in Europe will 
be impacted by withdrawal of Britain and possibly other countries from the EU. For more details on the 
harmonization of standards, refer to Chapter 8 in this volume.

Other Countries

King et al., in Chapter 7 of this volume, provide a comprehensive summary of the regulations in 
other countries of the world, including Canada, Australia, and in Asia, South America, and Africa. 
Of these, the most developed oversight environments are in Australia and Canada, both of which 
are independent of national regulations. Emerging regulations in Asia, South America, and Africa 
are establishing tiered systems similar to those in other parts of the world, with attention to replace-
ment, reduction, and refinement (the 3Rs) (Russell and Burch 1959) and ethical oversight committees 
playing key roles in the culture of compliance (Choe and Lee, 2014). Bayne et al. (2015) recently 
reported on the status of implementation of the 3Rs advanced by Russell and Burch (1959) in the 
worldwide arena, with particular emphasis on Brazil, China, and India. The degree to which the 3Rs 
are embraced and implemented in each of these three countries varies from being embedded into the 
scientific culture of Brazil, to steadily increasing among the scientific community of India, to aiming 
to align with international practices in China.

Nongovernmental Sources of Regulatory Burden

Regulatory burden in today’s research environment is not only caused by government mandates and 
policies. It is also caused by misinterpretation or overinterpretation of rules, regulations, accreditation 
standards, and best practices by research institutions, ethical review boards, editorial review boards, 
and other members of the scientific community. Current-day ethical oversight and management of ani-
mal research is rooted in the 3Rs, as well as advances in scientific discovery, animal science, animal 
husbandry, facility engineering, and veterinary medicine. The benefits to animals, as well as to science, 
are indisputable, as pointed out by Thulin et al. (2014). Infectious diseases that were once common in 
research animal colonies have largely been eliminated. Greater attention to psychosocial enrichment, to 
a large extent, has helped to eliminate unwanted stereotypical behaviors, reduce animal injuries related 
to fighting in group-housed environments (Young 2003), and in some species or strains, improve breed-
ing (Whitaker et al. 2016). The scientific community has benefitted from having fewer confounding 
factors introduced into sophisticated experimental design. These practices have resulted in the develop-
ment of performance-based standards that are generally accepted by the public as the current standard 
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of care for laboratory animals. Furthermore, these practices are embraced by the scientific community 
as a standard for pursuing and achieving scientific excellence.

However, concerns within the scientific community do arise when implementation of research over-
sight regulations at the institutional level results in local practices that far exceed those of the laws, 
regulations, and guidelines. Self-imposed regulation has been identified in recent years as a major con-
tributor to increased regulatory burden. In a recent opinion paper, Pritt et al. (2016) described how well-
intentioned assumptions made by Institutional Animal Care and Use Committees (IACUCs) and animal 
oversight committees create “IACUC legend,” practices that become ingrained in the IACUC that go 
beyond the regulations and add an unnecessary administrative work burden for researchers, ethical over-
sight committees, and research administrative offices. Seemingly harmless administrative practices that 
are not required by animal welfare regulations frequently do little to improve animal welfare or the qual-
ity of the research, as they often involve only administrative office procedures. Thulin et al. (2014) sug-
gested that programs with compliance specialists working on behalf of, but with little guidance from, the 
IACUC often experience a growth in self-regulation that is driven by decisions of a single person or small 
group of individuals that are typically not questioned by the IACUC. Over time, these procedures require 
an increasing effort from researchers having to respond to them, when in reality they are generally not 
incorporated into IACUC deliberations, institutional assurances, veterinary practices, husbandry, and 
facilities enhancements. Needless to say, unjustified procedural shift is rarely rewarded in the budget 
process, as it is difficult to justify. To this end, unauthorized implementation of self-regulation through 
independently acting organizationally empowered members may undermine the intent of regulations, 
create discord within the organization, increase financial strain on programs, and otherwise negatively 
impact an institution’s animal care and use research programs.

One challenge is to minimize what the IACUC does versus what it oversees. For example, many 
IACUCs require that all personnel that will participate in a research project be listed on the written pro-
tocol proposal and qualifications to perform various procedures be described. The IACUC subsequently 
maintains training records and verifies that all personnel have been adequately trained. However, at 
some institutions, training is the responsibility of a separate group or department. Training records are 
retained centrally, and regularly reviewed by the training coordinator and laboratory management. In a 
cross-functional organization, where a technician may be asked to participate at any time in support of 
any research project, the requirement of listing all personnel on a research protocol may essentially be 
redundant and poses an unnecessary burden on the investigator and the IACUC. Rather than including 
technical personnel on the written protocol, the institution could take an alternate approach. Specifically, 
the institution could have a clearly defined training program and responsibility for record keeping, regu-
lar audits of training records (e.g., by the quality assurance unit), assurances by investigators that all 
personnel assigned to work on a project have been trained, and a routine monitoring program that looks 
at this issue. The IACUC would take on an oversight role, ensuring that the training program was func-
tioning properly. Semiannual review of all aspects of the training program would be a component of 
the committee’s semiannual program review. While this type of approach may not work for many pro-
grams (particularly in large academic institutions), it could be used in some smaller, centrally managed 
facilities.

Tracking Legislative and Rulemaking Actions in the United States

It is important for the institution to have a clear understanding of trends within the regulatory environ-
ment that can impact its program. Programmatic enhancements that are not required by laws, regula-
tions, rules, and guidelines, or that do little to enhance animal welfare, should be avoided when possible 
(Haywood and Greene 2008). Understanding what is required and what is not may present a challenge 
to research administrators that carries significant legal implications. Any legislation that would impact 
regulatory compliance, access to animal models, or the availability of information may have an impact 
on program management because of the added costs and other burdens such laws may impose. It is 
important that legislation affecting research represents sound public policy, is based on evidence of need, 
backed by scientific data, and does not incur costs that exceed the benefits in terms of animal welfare and 
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the quality of the science. The importance of researchers, research administrators, and members of the 
general public in communicating with legislators and rule makers cannot be overstated, as advocacy is 
key to shaping legislation to represent the will of the citizens, rather than that of a select few with special 
interests. Frequently, the scientific community fails to engage in advocacy before it is too late. Once 
laws, rules, or regulations are enacted, efforts to change them become exceedingly more difficult. In the 
following paragraphs, we briefly describe the processes for making laws, rules, and regulations in the 
United States, as an understanding of these is important for research program management.

In the United States, as many as 10,000 bills may be introduced in any given 2-year congressional 
session, with only about 300–500 ultimately being enacted as law. Most bills are not voted on as intro-
duced, as they may be amended or incorporated into much larger pieces of legislation, such as an omni-
bus appropriations package. One example of an omnibus package with animal welfare implications is 
the U.S. “Farm Bill,” a bundle of legislation that sets national agriculture, nutrition, conservation, and 
forestry policy, which is considered every 5 years (U.S. Senate 2014). While the majority of the language 
in the Farm Bill is typically unrelated to animal research, the potential for the inclusion of such language 
exists primarily because the bill must move through the House and Senate Agriculture Committees, both 
of which have jurisdiction over the federal AWA. Inasmuch as omnibus legislation such as the Farm Bill 
is considered a must-pass piece of legislation, it often serves as a vehicle for smaller pieces of legislation 
with special interests. A single line of text changing only one or two words in current law, that is, the 
AWA, can be inserted into the omnibus package as a technical amendment with the hope of being unde-
tected as the massive 1000+-page bill moves through the legislative process. Technical amendments, 
although short in word count, may have enormous implications for current law.

Other approaches to passing legislation may include reintroduction of a bill by different members of 
Congress over many different congressional sessions. Such persistence proved to work in the research 
community’s favor when it came to passage of the Animal Enterprise Terrorism Act (AETA) (S. 3880 
[109th] 2006), which amended the federal criminal code to prohibit any person from “engaging in cer-
tain conduct for the purpose of damaging or interfering with the operations of an animal enterprise,” 
thereby providing the U.S. Department of Justice greater authority to prosecute animal rights activists 
(109th U.S. Congress 2006). Educating members of Congress over a number of years allowed the bill to 
gain a substantial amount of support over time. In other instances, persistence alone may not be enough 
to ensure that legislation is passed, as evidenced by failure of special interests to catalyze passage of 
legislation during the last 10 congressional sessions (nearly 20 years) that would eliminate USDA Class 
B licenses. It is worth noting that a lack of success on the legislative front may lead special interests to 
achieve their goals through other means, such as through the regulatory process covered later in this 
chapter.

Another element that affects the odds of successful passage of legislation is whether there are similar 
versions of the bill in each of the two legislative bodies: one version in the U.S. House of Representatives 
and one version in the U.S. Senate. When the language of each of these bills is identical, the odds of pas-
sage are increased. When the language of each bill is different, a lengthier process ensues. Further, if the 
legislation is “jointly referred” to multiple committees in either body, the odds of passage are decreased, 
as this represents addition hurdles for the bill to overcome. If the legislation is “sequentially referred” to 
multiple committees in each body, the odds of passage become extremely low, although not impossible. 
Finally, if each body ultimately approves the legislation, a conference committee comprised of conferees 
from each legislative body enters into negotiations to reach agreement on language in a final version of 
the bill that will be sent to the president for either signature or veto.

U.S. Rules and Regulations

In the United States, federal regulations are created by federal agencies, boards, and commissions by a 
process known as rulemaking. Under the Administrative Procedure Act, federal agencies are permitted 
to promulgate detailed regulations from laws enacted by Congress through a public rulemaking process 
in which the public is invited to participate. These regulations carry the weight of law and are specifically 
designed to address a problem or accomplish a goal of the legislation. Once enacted, rules are published 
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in the Code of Federal Regulations (Office of the Federal Register 2016). More information on the rule-
making process is available through the Office of the Federal Register (2016). Monitoring wording of 
proposed legislation or rules and tracking the progress of legislation is a daunting task that individual 
research programs and program officers are seldom able to carry out. Researchers and institutional 
officers often rely on professional societies and advocacy groups, such as the National Association for 
Biomedical Research (NABR), to track legislation and comment on its potential impact. NABR is the 
only organization in the United States solely dedicated to advocating for sound public policy that recog-
nizes the vital role that animals play in biomedical research. Staying abreast of animal welfare regula-
tions constitutes a major challenge for animal researchers, administrators, and institutional officials. 
Ignorance of a law or regulation does not absolve an institution from penalty should violations occur. 
While there is no easy solution to navigating the animal welfare regulatory environment, there are sev-
eral excellent online resources that can be consulted. These are listed in Table 36.1.

Emerging Legal Challenges Impacting Animal Care and Use Programs

Legal challenges by activist groups in areas of public disclosure, the transportation of animals, legal 
guardianship, and even “personhood” or legal standing for animals are developing trends that could 
pose a significant threat to animal research. Such tactics do not follow the traditional ethical arguments 
on the use of animals in research. The complexity of these issues extends far beyond the scope of this 
chapter, and as such, the authors have chosen to only briefly discuss them below. The reader is directed 
to several excellent sources that provide detailed background information on these topics (Favre 2004; 
Rollin 2006; Dolan 2007; Article 19 2012; Cardon et al. 2012).

Public Disclosure Laws

Seeking access to institutional documents through public disclosure laws (Freedom of Information Act 
[FOIA], sunshine laws, etc.) in the United States is a tactic often used by special interest groups to force 
research organizations to release sensitive records that can and have been used to disrupt an animal 
research program’s operations and, in extreme cases, place animals, as well as research personnel, at 
risk. Originally designed to promote transparency in government, the U.S. FOIA was enacted in 1966 to 
instill accountability in government by granting public access to government records. In addition to U.S. 
federal law, every state also has a law that governs access to records in possession of the state and local 
governments and other public entities, such as state-supported universities. While both federal and state 
open records laws exempt certain categories of information from being released, there can be consider-
able state-to-state variability in the exemptions. For example, some state courts have held that IACUC 
minutes are subject to disclosure, while courts in other states have held that IACUCs are not public bod-
ies and as such are not subject to disclosure (discussed in Cardon et al. [2012]). In public universities, 
open records requests could garner other sensitive information, such as detailed building maps, including 
vivarium spaces. In instances where electronic information is transferred to private e-mail accounts or 
personal electronic devices, information on home computers, smartphones, digital tablets, and so forth, 
could be subject to certain types of records request. Concern for the safety of employees, students, prop-
erty, and research animals is real for administrators in public research institutions in the United States, 
particularly when the frequent requesters of biomedical research information are national animal rights 
groups or individuals associated with those groups (NABR 2015). In addition to the United States, laws 
granting access to public information are becoming more common in the global arena, as evidenced by 
the fact that public disclosure laws have increased from 13 countries in 1990 to nearly 100 countries in 
2012 (Article 19 2012). For more information on security considerations for animal use programs, refer 
to Chapter 19 in this volume.

Public institutions and agencies must respond to an open records request and need to be adequately 
prepared to respond should a request be made. Cardon et al. (2012) provided detailed information on 
preparing and responding to public information requests. At the center of their discussion was the need 
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TABLE 36.1

Internet Sources for Animal Regulations from Different Regions of the World

Resource and URL Description

AAALAC International
www.aaalac.org

AAALAC International is a private, nonprofit organization that promotes the 
humane treatment of animals in science through voluntary accreditation and 
assessment programs. The Resources page provides links to U.S. and 
international regulations.

Agri-Food & Veterinary Authority 
(AVA) of Singapore

www.ava.gov.sg

AVA has a major role in the protection of the living environment in Singapore and 
safeguarding the health of animals, fish, and plants.

Animal Welfare Information Center 
(AWIC)

www.nal.usda.gov/awic

Established in 1986, AWIC is part of the USDA National Agricultural Library (2016) 
and serves to help the regulated community with employee training and to promote 
the humane care and use of animals by providing information on alternatives.

Australian and New Zealand Council 
for the Care of Animals in Research 
and Teaching (ANZCAART)

www.adelaide.edu.au/ANZCCART/

ANZCCART was established in 1987 in response to particular concerns in both 
the wider and scientific communities about the use of animals in research and 
teaching. It also recognized the need to address, in a balanced and considered 
way, the distinctive scientific, ethical, and social issues associated with the use of 
animals for scientific purposes.

Canadian Council on Animal Care 
(CCAC)

www.ccac.ca

The CCAC is the national peer review organization responsible for setting, 
maintaining, and overseeing the implementation of high standards for animal 
ethics and care in science throughout Canada.

Federation of European Laboratory 
Animal Science Associations

www.felasa.eu

FELASA represents common interests in the furtherance of all aspects of 
laboratory animal science in Europe and beyond. FELASA puts the 3Rs of 
laboratory animal science, replacement, reduction, and refinement, center stage. 
FELASA advocates responsible scientific conduct with animals in the life 
sciences, with particular emphasis on ensuring animal welfare.

Georgetown Law Library Animal 
Law Research Guide

http://guides.ll.georgetown.edu 
/AnimalLaw

This guide will assist in researching issues in animal law, animal rights, and 
animal welfare using resources available to Georgetown University Law Center 
students and faculty. Animal law topics include domestic animals, farm animals, 
marine mammals, wildlife, animal experimentation, and endangered species.

Government of India Ministry of 
Environment, Forest and Climate 
Change Animal Welfare Division

envfor.nic.in/division/
animal-welfare-division

The Animal Welfare Division is entrusted with the implementation of the 
provisions of the Prevention of Cruelty to Animals Act, 1960 (59 of 1960).

International Aid for Korean Animals 
(IAKA)

Koreananimals.org

IAKA is a nonprofit organization that promotes the humane treatment of animals 
in South Korea.

Malaysia e-Federal Gazette
www.federalgazette.agc.gov.my/

The e-Federal Gazette is the official portal for the publication of all federal 
legislation. Animal Welfare Act 2015 is Act 772.

Michigan State University Animal 
Legal & Historical Center

www.animallaw.info

On this site, you will find a comprehensive repository of information about animal 
law, including more than 1200 full-text cases (U.S., historical, and UK), more 
than 1400 U.S. statutes, more than 60 topics and comprehensive explanations, 
legal articles on a variety of animal topics, and an international collection.

National Association for Biomedical 
Research (NABR) Animal Law 
Section

www.nabranimallaw.org

The NABR Animal Law Section focuses on the potentially disruptive and rapidly 
growing area of animal law. Animal rights advocates are using increasingly 
sophisticated and coordinated legal strategies in an attempt to incrementally 
change our laws as they relate to animals. The potential consequences for 
biomedical research are not readily apparent, but it is clear that many animal 
rights organizations and animal rights lawyers believe research on animals 
should be severely restricted or prohibited completely. This website is intended 
to serve as a resource for those who wish to learn more about animal law. It does 
not endeavor to be an exhaustive survey of issues pertaining to the legal status of 
animals, or of the animal rights movement.

(Continued)
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for document retention and destruction policies at the institutional level. Research administrators should 
fully understand their institution’s policies, as well as any government requirements on document reten-
tion, archiving, and destruction. Active files relative to the animal care and use oversight program should 
be factual in content and devoid of extraneous information, and contain only essential information that is 
required for the oversight committee and research office to function. To this end, the research organiza-
tion should be cognizant of what is included in the official files of the organization and of the potential 
impact to the institution that might arise if requested information is taken out of context and widely dis-
seminated by the requester. Research administrators and staff should always consult their organization’s 
record retention officers and legal counsel when they receive an open records request for information 
in order to ensure that (1) the requested information is not exempt from request, and (2) the information 
released is specific to the request. The latter is particularly important, as an organization has no obliga-
tion to provide any information beyond what is specifically requested.

Transportation of Research Animals

Pressure placed on commercial airlines by animal rights activist groups has resulted in many commer-
cial carriers choosing to no longer carry animals that will be used for research purposes. The reduced 
shipping options present logistical transportation challenges, limit access to important animal models, 
and increase the costs associated with animal research. Disruption of the use of commercial transport 
for moving research animals to biomedical research organizations could significantly delay, if not halt, 
ongoing research projects. Although a few countries have received government support that compels 
airlines to transport research animals, no such regulations exist in the United States. As a result, the com-
mercial airline has full decision-making authority on whether it will (1) carry animals and (2) refuse to 
carry them if they are destined for research facilities. It is likely that legal challenges to the commercial 
air carriers will require courts to interpret common carrier obligations as they apply to shipping live 
animals for research purposes. While no one can predict the outcomes of these deliberations, one can 
be certain that differences between countries served by any given airline will complicate and extend the 
discussion for years to come.

TABLE 36.1 (CONTINUED)

Internet Sources for Animal Regulations from Different Regions of the World

Resource and URL Description

National Institutes of Health Office 
of Laboratory Animal Welfare 
(OLAW)

http://grants.nih.gov/grants/olaw/

OLAW provides guidance and interpretation of the Public Health Service (PHS) 
Policy on Humane Care and Use of Laboratory Animals, supports educational 
programs, and monitors compliance with the policy by assured institutions and 
PHS funding components to ensure the humane care and use of animals in 
PHS-supported research, testing, and training, thereby contributing to the quality 
of PHS-supported activities.

Norecopa
norecopa.no

Norecopa is Norway’s National Consensus Platform for the advancement of the 
3Rs in connection with animal experiments.

Philippines Official Gazette
www.gov.ph

This website is the official journal of the Republic of the Philippines. This 
website, the national government portal, is updated regularly with speeches, 
reports, statements, press releases, and documents from the Office of the 
President and other departments of the Philippine government.

Taiwan Council of Agriculture
http://eng.coa.gov.tw

The Council of Agriculture is the competent authority on the agricultural, forestry, 
fishery, animal husbandry, and food affairs in Taiwan.

Understanding Animal Research
www.understandinganimalresearch 
.org.uk

Understanding Animal Research is a mutual society (not-for-profit organization) 
that explains why animals are used in medical and scientific research. It aims to 
achieve a broad understanding of the humane use of animals in medical, 
veterinary, scientific, and environmental research in the United Kingdom.

United Kingdom Home Office
www.gov.uk/guidance/research 
-and-testing-using-animals

Research and testing using animals.
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Emerging Challenge of Property versus Legal Guardianship

Legal challenges to animal research programs by lawyers and activists are testing new legal postulates 
that stand to grant specific legal rights to animals, including those animals that are involved in research. 
Leaders of this legal movement advocate the establishment of new court precedents that have the poten-
tial to significantly interfere with animal research. Unlike many earlier court cases that challenged exist-
ing laws regulating animal welfare for animals owned by a research organization, these emerging cases 
argue that animals are not property. Instead, they argue that animals should be placed under a legal 
guardianship where the guardian is held legally accountable for the welfare of the animal. Favre (2004) 
argues in favor of transforming property law from ownership to guardianship, which he claims would 
allow animals to “receive the legal respect they deserve.” He further submits that the current activist 
approach of abolition of animal research at the level of federal laws or regulations is unrealistic, and that 
more achievable outcomes on the animal activist front may arise through building a foundation of change 
focused at the state level. Suggestions include

 1. “Modifying divorce laws to require that the court decides issues relating to pets in the best 
interest of the animal and not on the basis of property ownership.”

 2. “Adopting state anticruelty laws such that criminal prosecution could be brought against guard-
ians who violate the laws” (e.g., researchers and research organizations).

 3. “Clarifying the law regarding pet adoption from a public or private agency such that the orga-
nization retains the ability to intervene on behalf of the animal. If the new owners/guardians do 
not fulfill their obligations toward the animal, the agency ought to be able to step in and correct 
the problem.”

The position of gradually articulating the interests of animals into the legal system as a means to 
gain a stronger position for the animal rights activists (Favre 2004) could represent a significant legal 
challenge for both farmers and scientists. Discussions around ethical and humane treatment of research 
animals would be refocused toward the investigator’s or research organization’s ability to determine 
what is best for the animal. These challenges have already entered into the research animal arena with 
changes in policy that have resulted in the discontinuation of studies in chimpanzees and subsequent 
transfer of these animals to sanctuaries. In other instances, laws allowing trusts to be set up for family 
pets move the legal interpretation closer to legal personhood for certain species. Efforts by animal rights 
interests seeking to have courts recognize animals as having legal standing or personhood are on the 
rise. In recent years, there have been at least four such cases in the state of New York asking courts to 
recognize chimpanzees as having legal standing under habeas corpus. Although all have failed, groups 
appear to be committed to filing multiple test cases in courts around the country on behalf of different 
species until they are successful. While many of these strategies do not appear, at first glance, to affect 
laboratory animals, the “sum of their parts” has the potential to have an impact on life-saving medical 
and scientific research.

Assessing, Mitigating, and Managing Risks

Management of risk in an animal research program is a difficult task that involves a comprehensive 
understanding of the institution’s research endeavors, the regulations governing animal welfare, and the 
institution’s plans for the future. Bayne and Garnett (2008) describe the delicate balance among research 
costs, a complex legal and regulatory environment, societal issues, and the scientists’ passion for discov-
ery as obligatory if the biomedical research enterprise is to maintain the privilege to conduct research 
in animal models. To this end, institutions must constantly assess their animal research programs from 
different perspectives and do so in ways that account for the nature of the research being conducted, 
stakeholder expectations, and a constantly changing regulatory, oversight, and compliance environment. 
Assessment, mitigation, and management of risks are an essential, yet highly institution-specific, com-
ponent of a contemporary animal care and use program. To meet this challenge, a research organization 
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must have a clear understanding of its mission, be willing to accept certain risks, and be responsive to the 
regulatory environment in ways that do not impose excessive self-regulation. Developing a zero-risk or 
risk aversion philosophy has been identified by numerous sources (Haywood and Greene 2008; FASEB 
2015; National Academies of Sciences, Engineering, and Medicine 2016) as a burdensome, somewhat 
unrealistic, and generally cost-prohibitive approach to the management of a research program. A more 
realistic approach is to build a risk assessment program geared toward risk mitigation, knowing that 
regulatory compliance can be achieved in a performance-based environment that aligns with the institu-
tional needs. Haywood and Green (2008) suggested a commonsense three-question approach to assess-
ing IACUC activities for regulatory burden: (1) Why do we do this? (2) Does it help the animals? (3) Can 
the end be achieved in a more efficient, cost-effective manner? Implementation of a performance-based 
program based on sound reasoning allows an institution to fully understand and address its specific 
animal welfare requirements without having to implement broad-sweeping burdensome practices. As a 
result, the institution animal research program becomes more strategic and less reactive.

A myopic approach to regulatory risk may also lead an institution and its investigators away from risk 
based on scientific foundation and understanding. Recent emphasis from funding agencies on the rigor 
of sound and unbiased design of research to ensure reproducibility underlies the importance of selecting 
the appropriate biological research model, whether in terms of species, sex, age, or health conditions of 
the animals (NIH 2016a, 2016b). Evidenced by an overdependence on male animals, preclinical studies 
in animals commonly neglect gender-based differences in pathophysiology and response to treatment 
modalities, thus leading the NIH to require grant applicants to consider and report research plans that 
balance the use of male and female animals (Clayton and Collins 2014). Selective reporting of research 
results and the pressure on researchers to publish have been cited as additional factors impacting repro-
ducibility of research (Baker 2016). The development of the ARRIVE guidelines and agreement by 
many journals to endorse principles and guidelines on the reporting of animal research are appropriate 
avenues to enhance the rigor and reproducibility of animal research (Kilkenny et al. 2010; NIH 2016b). 
A balanced approach to ensuring animal welfare while promoting innovative and sound science through 
public education and advocacy (see Chapter 6) is warranted and best serves the concept of streamlining 
and achieving regulatory demands.

An important step in building a streamlined risk-managed compliant program is for the institution 
to have a clear understanding of trends within the regulatory environment that can impact its program. 
Programmatic enhancements that are not required by laws, regulations, rules, and guidelines or that 
do little to enhance animal welfare should be avoided when possible (Haywood and Greene 2008). 
Understanding what is required and what is not may present a challenge to research administrators that 
carries significant legal implications.

Summary and Recommendations for a Path Forward

The global legal arena for animal welfare is a complex and ever-changing one that can be somewhat 
unpredictable. As a result, animal research organizations are constantly having to respond to newly cre-
ated or modified existing regulations and evolving guidelines. While all stakeholders in research animal 
welfare conversation understand and support the existence of laws and regulations that promote animal 
welfare and the pursuit of quality science, there is growing concern that many of the regulations create 
large amounts of work for administrative offices, but do little to protect the animals. As a result, less time 
is being spent on research, discovery, and knowledge creation.

It is interesting to look at some predictions of future challenges facing the laboratory animal com-
munity from 20 years ago. In 1995, J. Derrell Clark proposed four points for consideration in the 
future (Clark 1995). First, he surmised that there was very little scientific information on, or factors 
in, our knowledge that promote the comfort of animals in a research setting. He suggested the need 
for research on behavior, psychological well-being, enrichment, and effects of numerous physical and 
environmental factors. Second, he recognized the infancy of the concept of performance standards 
and the necessity to determine the animals’ needs and evaluate performance, specifically the need for 
assessment criteria (which at the time was not well established). Third, laboratory animal scientists 
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must conduct research in areas of animal care. And finally, there is more relevant information on care 
and husbandry in the literature than most are aware of. Much of the relevant data may be in studies 
focused on animal behavior, psychology, zoology, field studies, ethology, animal science, and psycho-
neuroimmunology. While Clark advocated for the mining of such data, he also cautioned that the use 
of published information may be difficult to interpret and even harder to apply to general situations, or 
put into general practice.

In the years ahead, research organizations and their team of organizational leaders, scientists, veteri-
narians, managers, and other animal research support staff need to work collectively together to refocus 
and streamline the animal research regulatory environment without compromising the intent of laws and 
regulations that already exist. The scientific community and agencies that fund research must continue, 
as well as expand, advocacy for animal research through education of the general public of the human 
and animal health advances that have resulted from animal research (see Chapter 6 of this volume). 
Harmonization of regulations and reporting requirements, as well as the sharing of information between 
research organizations, government agencies, oversight bodies, and accreditation groups, could alleviate 
some of the challenges. Assessment of oversight programs within institutions, with an eye on spotting 
redundancies and unnecessary office or committee practices, will also help to limit the expansion of self-
imposed regulatory burden. Research administrators should understand the risks associated with their 
research programs and develop program-specific approaches that mitigate their identified risks, rather 
than implementing practices designed to avert all the possible scenarios that might occur. Research stra-
tegic plans should address goals for supporting animal research and be bold enough to strongly advocate 
for the significant advancement of knowledge, with particular emphasis on the 3Rs. Collectively, these 
and other similar maneuvers can allow research organizations to prosper and coexist in today’s complex 
and ever-present regulatory environment.
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outbreak control, 800–801
risk assessment, 794–803
SOPs and policies, 803–804
species differences, 799–800
terminology, 794
training program, 804

Animal facility management (basic), 599–638
animal census, 627–628
animal identification, 611–615
animal procurement, 629–632
biohazardous waste, 623–624
carcasses, 623
core resources, 601
emerging technologies, 634
environmental enrichment, 611
facility administration, 627–634
fish, reptiles, and amphibian housing, 608
food, 608–609
hazard identification, 621–624
health checking, 611
husbandry methods (basic), 606–621
identification techniques, 613
job descriptions, 603–604
movement of specialized staff between facilities, 606
nonhazardous solid waste, 622–623
nonrodent mammals, 607–608
personnel considerations, 602–604
pest control, 616–617
pharmaceutical and chemical waste, 623
preventive maintenance and equipment repair 

programs, 624–626
rodent cage cleaning frequency, 607
room maintenance, 617
safety equipment, maintenance of, 624–626
sanitation principles, 619
satellite facilities, 600–601
staffing models, 602–606
supply management and rotation policies, 616
traffic patterns, 606
training, 602
transport, 632–634
types of facilities, 600–601
validation and quality assurance programs, 619–621
waste management, 621–622
water, 609–610

Animal guardian, 47
Animal health status, 741–750

acquiring animals from commercial sources, 745–746
acquiring animals from noncommercial sources, 746
animal receipt, examination, and acclimation, 747
animal transportation and stress, 746
daily health checks, 747–748
environmental monitoring, 749–750

establishment of the required animal health status, 
741–745

monitoring the colony health status, 747
postprocedural observations and assessment of 

protocol-related effects, 748
response plan to health status deviations, 750
routine physical exams, 748
testing and health surveillance programs, 748–749

Animal Legal Defense Fund (ALDF), 8
Animal Liberation Front (ALF), 8
Animal and Plant Health Inspection Service (APHIS), 

4, 64, 110
Animal-related hazards, 298–312

allergens, 298–300
bites, scratches, and other animal-related physical 

injuries, 298
zoonotic diseases, 300–312

Animal research facility (ARF), 378
AnimalResearch.info, 93
Animal rights extremism, 92, 438–441
Animal Welfare Act (AWA), 4, 91, 148, 320, 532
Aquatics, 559–578

alkalinity, 561
ammonia, 562
biofiltration, 566
breeding systems, 574
chemical removal, 565–566
CO2, 563
disinfection, 566–567
dissolved O2, 563
feeding systems, 574
hardness, 561–562
housing, 568–570
isolation and quarantine, 572–573
lighting and illumination, 572
macroenvironment, 570–572
microenvironment, 560
nitrogenous wastes, 562–563
pH, 561
room design, 571
salinity, 562
sentinels and health monitoring, 573
solids removal, 564–565
temperature, 560, 571
treatment within aquatic housing systems, 564–567
vibration, 572
water quality testing, monitoring, and control, 

567–568
water treatment, 563–564

ARF, see Animal research facility
Assessment and accreditation programs, 159–184

AAALAC International accreditation and CCAC 
certification, demographics, 163

AAALAC International FAQs, 166–167
AAALAC International history and governance 

structures, 160–161
AAALAC International position statements, 166
AAALAC International professionals on the site visit 

team, 169–170
AAALAC International program status evaluation 

program, 173–174
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AAALAC International rules of accreditation, 
165–166

AAALAC International site visit preparation, 
171–174

AAALAC International site visit process, 172–173
AAALAC International standards and guidance, 

164–167
assessment and certification visits, professionals 

involved in conducting, 169–171
benefits of accreditation and certification, 181–182
CCAC assessment process, 174–178
CCAC guidelines, 167–168
CCAC history and governance structures, 161–163
CCAC policies, 168
CCAC professionals on the assessment site visit team, 

170–171
CCAC standards and guidance, 167–169
COA process for evaluation and conferral of 

accreditation status, 173
corrective action plan in response to AAALAC 

International’s findings, 178–179
institutional steps to maintain or restore accreditation 

or certification, 178–180
measures to ensure success in continuing CCAC 

certification, 179–180
miscellaneous quality assurance programs, 164
site visit teams, 169
standards used in the assessment and certification 

process: selection and application, 164
three Rs, 168
use of local or national laws in the certification 

process, 168–169
Assistant laboratory animal technician (ALAT), 202
Association for the Assessment and Accreditation 

of Laboratory Animal Care International 
(AAALAC International), 135

Association for Talent Development (ATD), 235
Autoclavable diets, 643
AWA, see Animal Welfare Act

B

Baboon breeding colonies, see Macaque and baboon 
breeding colonies, management of

Basis of design (BOD), 384
BC management, see Business continuity (BC) 

management
BCS, see Body condition scoring
Bedding, see Feed and bedding
Behavioral management programs, 63–82

animal training program, 69–70
behavioral assessment program, 70–72
behavioral management, introduction to, 63–65
characteristics, 79–80
constructs, 65
environmental enrichment program, 67–69
facility and housing design, 73–74
learning resources, 78
methods of observation of animal behavior, 71
methods of recording animal behavior, 72
personnel, 65–67

professional organizations, 78
record keeping and documentation, 76
research and, 74–75
selection of new employees and employee training, 

77–78
social housing program, 67
structure, 79
veterinary and animal care personnel and, 75–76

Behavioral training, 771–792
applicability, 773
cost–benefit analyses, 787
data collection, 787
desensitization techniques, 775
diagnosis, 779–783
emerging technologies, 788
enhancing care, 772
examinations, 778
health care issues amenable to training solutions, 

777–787
limitations of training, 775
positive reinforcement training techniques, 773–775
regulatory requirements, 772
studies of the training process, 776–777
targeting, shifting, and stationing, 777–778
training the animals, 773–775
training the trainers, 775–776
treatments, 783–787

Benchmarking, 274
BHI, see Biosynthetic human insulin
Bioethics, 35–62

alternatives, 50
animal guardian, 47
application of ethical concerns, 55–57
biomedical activities, 45–47
Cartesian philosophy, 37
changing the legal status of animals, 47–48
distress, 49–50
emerging technologies, impact of, 54–55
ethical and compliant programs, fostering of, 56–57
examples of the value of animal-based medical 

research, 53–54
general well-being, 49
guidelines, 59
laws and regulations (selected examples), 58–59
media portrayal of animal use in biomedical 

activities, 52
medical advancements and, 53
morally relevant difference between humans and 

animals, 41–42
NASA Sundowner principles, 44–45
other contemporary issues, 48
philosophical concepts, 36–40
prohibition of animal use, 55
psychological well-being, 49
public perceptions, 51–52
reference utilitarianism, 38
religion, 45
risk (harm) versus benefit assessment, 56
state and local regulations, 59
subset of issues, 48–49
suffering, 50, 52
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the 3Rs (replacement, reduction, and refinement), 
42–43

utilitarianism, 38, 41
value of biomedical activities involving animals, 53–54
value of external review of animal care and use 

programs, 57–58
vertebrate animals, U.S. government principles 

for the utilization and care of, 43–44
Biofiltration, 566
Biohazardous waste, 623–624
Biological safety cabinets (BSCs), 492, 624, 711
Biological select agents and toxins (BSAT), 706
Biosafety, 282, 312; see also Experimental hazards, 

managing husbandry programs involving
Biosafety in Microbiological and Biomedical 

Laboratories (BMBL), 706
Biosynthetic human insulin (BHI), 719
Birds (songbirds, pigeons, chickens and ducks, and 

psittacines), 583–586
Board of directors (BOD), 161
BOD (Basis of design), see Basis of design
BOD (Board of directors), see Board of directors
Body condition scoring (BCS), 543
BSAT, see Biological select agents and toxins
BSCs, see Biological safety cabinets
Business continuity (BC) management, 369–370

C

Canadian Council on Animal Care (CCAC), 121, 149, 160
assessment process, 174–178
certification, demographics, 163
certification, measures to ensure success in continuing, 

179–180
definition of crisis provided by, 355
guidelines, 167–168
history and governance structures, 161–163
other standards, 168
policies, 168
process for evaluation and conferral of certification 

status, 176–177
professionals on site visit team, 170–171
requirements for initial certification, 177–178
site visit preparation, 174–175
site visit process, 175–176
standards and guidance, 167–169
three Rs, 168
use of local or national laws in the certification 

process, 168–169
Cancer research, achievements in, 85
Career development, 214, 216–218
Cartesian philosophy, 37
CCAC, see Canadian Council on Animal Care
CCR, see Consumer Confidence Report
CCTV, see Closed-circuit television
CDC Division of Select Agents and Toxins (DSAT), 226
Centers for Disease Control and Prevention (CDC), 4, 117, 

336, 706
Certified diets, 641
Certified Manager of Animal Resources (CMAR), 202
Certified Professional IACUC Administrator (CPIA), 226

CFD, see Computational fluid dynamics
CFR, see Code of Federal Regulations
Chemically defined diets, 641
CIOMS, see Council for International Organizations of 

Medical Sciences
Clinical care of animals, 750–764

diagnosis and treatment of ill animals, 750–763
medical records, 763–764

Closed-circuit television (CCTV), 408
Clothing protection and contamination control, 285–289
CMAR, see Certified Manager of Animal Resources
Coaching, 211
Code of Federal Regulations (CFR), 116
Collaborative Institutional Training Initiative (CITI), 344
Compassion satisfaction, 17
Compliance programs, 107–115; see also Regulations

animal use protocols, 111
attending veterinarian, 112
constituents and their interaction, 110–113
engineering, performance, practice, and professional 

standards, 108–109
hierarchy of guidance, 107–108
IACUC or ethical oversight body, 111–112
institutional official, 111
postapproval monitoring, 103
principal investigator, 111
program assessment, 113
program manager, 112, 115
self-regulation and trust, 109–110
team approach to compliance, 112–113

Compounded diets, 641
Computational fluid dynamics (CFD), 466
Consumer Confidence Report (CCR), 656
Contamination control, clothing protection and, 285–289
Contract employees, 203
Controlled Drugs and Substances Act (Canada), 169
Cool white fluorescent (CWF) tubes, 465
Council for International Organizations of Medical 

Sciences (CIOMS), 7, 119, 135
CPIA, see Certified Professional IACUC Administrator
Crisis management, see Emergency response and 

management
Cruelty to Animals Act, 3
Cruelty Free International, 8
Cultural force leader, 226
Culture of care, see Organizational responsibilities
CWF tubes, see Cool white fluorescent (CWF) tubes
Cyber-squatting, 452
Cystic fibrosis (CF) research, achievements in, 85

D

DACLAM, see Diplomate of the American College of 
Laboratory Animal Medicine

Data management, 447–448
Deep brain stimulation (DBS), 88
Department of Health and Human Services (DHHS), 4
Department of Veterans Affairs (VA), 110
Diet

autoclavable, 643
compounded, 641
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dry, 644
extruded, 642
flaked, 644
gamma-irradiated, 643
ground, 643
meal, 643
medicated, 641
moist, 644
pelleted, 642
powdered, 643
soft, 644

Diplomate of the American College of Laboratory Animal 
Medicine (DACLAM), 226, 249

Distress, 49–50
Division of Select Agents and Toxins (DSAT) (CDC), 

226
Documentation, see Program documentation and 

monitoring
Dog breeding colonies, management of, 696–700

breeding, 700
neonatal care, 700
physiology, 696–697
pregnancy determination and parturition, 700

Drug development, 84
Dry diets, 644

E

EARA, see European Animal Research Association
Ebola research, achievements in, 86
Educational force leader, 226
Education and outreach programs, 83–101

animal models, 89–91
animal research for animals, 89
animal rights extremists, 92
communication tips, 92–93
domestic and international advocacy groups, 93–94
necessity of animal research, 83–85
Nobel Prizes, 95–98
oversight, 91–92
public support, 92
recent animal research achievements, 85–89
top 25 prescribed drugs (U.S., 2014), animals behind, 

98–99
Education and training, 221–265; see also Organizations 

offering training
andragogy and learning styles, 231–233, 240
assessment, 243–246
being engaged with training, 229
checklist for the training manager, 235
collaboration between facility management and 

oversight board, 229–230
contracting training, 243
cultural differences and how we learn, 233–234
culture of training set by the manager, 226–231
developing a training program, 234–240
educational theory and concepts, 247–248
education related to lab animal training, 230–231
e-learning, 241–242
foundation in lab animal training, 224–225
manager self-training, 228–229

manager who trains, 243
methods used to accomplish training in-house, 

240–243
organizations offering training, 254–261
outreach training, 227–228
pedagogy, 240
position of trainer, 242–243
programs for trainers, 251–252
recognized laboratory animal science credentials, 

252–254
roles and expectations of facility manager, 225–226
schools offering training in lab animal science, 

248–251
topics to be included in training, 237–239
training cost, 239–240
who needs training and what they need, 235–237

EFPIA, see European Federation of Pharmaceutical 
Industries and Associations

EHRS, see Environmental health and radiation safety
E-learning, 241–242
Electronic learning management systems, 223
ELLs, see English language learners
E-mail, 348–349
Emergency response and management, 355–373

animal facility crisis response planning, 357–369
business continuity management, 369–370
crisis response coordination, 356–357
mitigation, 360–364
nontechnical skill training, 365–369
resources, 371
risk assessment, 358–360

Emotional intelligence, 201
Employees; see also Human care

awareness campaigns, 437–438
composition, 203–204
development, 214

Enclosures
large animal, see Large (nonagricultural) animal 

enclosures and housing
small animal, see Small animal enclosures and 

housing
English language learners (ELLs), 223
Environmental enrichment programs, see Behavioral 

management programs
Environmental factors, 461–477

air quality, 466
aquatics and semiaquatics, 472–473
environmental monitoring, 471
heating, ventilation, and air-conditioning, 465–466
lighting, 463–465
macroenvironment, 463–471
microenvironment, 471–472
noise and vibration, 466–469
pest control, 470–471
sanitation, 469–470
terrestrial animals, 471–472

Environmental hazards, 294–298
chemical hazards, 296–297
ergonomic hazards, 294–295
fire hazards, 297
heat, steam, cryogens, and pressure hazards, 295–296
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lighting, electrical, and electromagnetic hazards, 296
machinery and equipment hazards, 295
noise hazards, 297
sharps hazards, 297–298
surface hazards, 294

Environmental health and radiation safety (EHRS), 331
EPA, see U.S. Environmental Protection Agency
Epilepsy research, achievements in, 86–87
Equipment, 415–422

aquatic systems, 416
cage processing, 417–419
housing systems, 415–416
operational support, 421–422
research support, 422
robotics and automation, 421
ROI calculations and modeling, 422
sanitization, sterilization, and decontamination, 

419–421
European Animal Research Association (EARA), 94
European Federation of Pharmaceutical Industries and 

Associations (EFPIA), 94
Euthanasia, 827–840

confirmation of death, 835–836
definition, 827–828
ethical considerations, 828–829
experimental endpoints, 830
experimental humane endpoints, 830–832
methods, 832–836
pharmacological and chemical methods, 832–834
physical methods, 834–835
psychological impact of euthanasia on personnel, 

837–838
reasons for, 830–832
regulatory expectations, 829
training personnel to perform euthanasia, 836–838
veterinary medical conditions, 832

Experimental hazards, managing husbandry programs 
involving, 705–730

administrative controls, 720–726
biological hazard, 717
biosafety, basic principles of, 706–717
biosafety levels, 707
carcinogens, 719–720
chemical hazard, 717–718
communication of hazards, 722
examples of hazards, 717–720
facility design and construction, 707–709
hazard identification and risk assessment, 720–721
isolation cubicles, 713
lessons learned, 726–727
nanoparticles, 720
occupational health and safety programs, 722–723
personal protective equipment, 716–717
physical security, 709–710
practices and techniques, 710–714
primary barriers, 715
primary containment caging, 711
radiation, 718–719
recombinant DNA and synthetic nucleic acid 

molecules, 719
regulations and guidelines, 706–707

reporting and communicating adverse events, 721
safety equipment, 714–717
training and competency determination, 723–726

Extruded diet, 642

F

Facebook, 348
Facility design, planning, and renovation, 377–430; 

see also Equipment
adherence to restrictions, 411
architecture, 399
bid conditions, 385–386
budget, 390
commissioning and validation, 409–410
concept development, 385
constituents, 379
construction, 386–388
construction delivery process, 390–391
construction and renovation, phases of, 382
cost considerations, 391–392
design development, 385
design/renovation, 389–390
design team with architecture/engineering group, 

388–389
disaster planning, 413–414
electrical systems, 404–405
equipment, 415–422
ergonomics, 412–413
errors in design, 386
errors in planning and programming, 384–385
financials, 427
functional versus zonal relationships, 396–397
interface between physical plant and vivarium 

operations, 381
IT, data, and communication systems, 406
life safety systems, 406–407
lighting, 405–406
maintenance, 427–428
mechanical systems, 399–401
mission, goals, operational requirements, and “basis of 

design,” 381
modular scheme concepts, 395–396
movement of animals, 424–425
movement of caging, 425–426
movement of personnel, 424
movement of supplies, 425
operations, 423–427
permanent and temporary structures, 392–393
plumbing systems, 401–403
process flows, 424
programming after the SOW is defined, 383–384
program of requirements, 384
regulatory requirements, 380–381
room detail sheets, 397–399
security systems, 408–409
significance of animal housing, 379–380
site, 392
SOPs, 423–424
special utilities, 403–404
staffing, 426–427
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statement of work, 382
sustainable design, 410–411
types of space, 393–395
waste removal, 426

FAQs, see Frequently asked questions
FBR, see Foundation for Biomedical Research
Federal Select Agent Program (FSAP), 336
Federation of European Laboratory Animal Science 

Associations (FELASA), 8, 149, 797
Feed and bedding, 639–653

autoclavable diets, 643
bedding, 645
certified diets, 641
chemically defined diets, 641
compounded diets, 641
dry diets, 644
extruded diet, 642
feed, 639–644
flaked diets, 644
formulas and types, 640–644
gamma-irradiated diets, 643
ground diet, 643
handling and processing, 647–649
influence of feed on experimental results, 644–645
live feed, 644
meal diets, 643
medicated diets, 641
open-formula diets, 641
pelleted diets, 642
powdered diet, 643
purified diets, 641
receipt and storage, 649–651
soft and/or moist diets, 644
supplemental fiber, 644
types of bedding and the potential to affect research, 

645–646
variable formula, 641

FELASA, see Federation of European Laboratory Animal 
Science Associations

Fiscal management, 267–277
benchmarking and quality improvement, 274
budget cuts and shortfalls, 271
budgeting, 269–271
cost accounting, 271–274
funding agencies, 268
grants, other sources of revenue, and new services, 

274–275
inspection and accrediting agencies, 268
monitoring, 271
parent organization, 267
processes, 268
program planning, 268–269
researchers, 267
technology, 275–276
terminology, 276

Five Freedoms, 16, 124, 151, 509
Flaked diets, 644
FOIA, see U.S. Freedom of Information Act
Food, Drug, and Cosmetic Act, 85
Foundation for Biomedical Research (FBR), 94
Frequently asked questions (FAQs), 166

FSAP, see Federal Select Agent Program
Future directions and challenges, 843–857

biomedical research enterprise and global status of 
laboratory animal welfare, 843–844

emerging legal challenges impacting animal care and 
use programs, 850–853

expanding oversight and the compliance environment, 
845

Internet sources for animal regulation, 851–852
legislative and rulemaking actions in the United States, 

848–849
nongovernmental sources of regulatory burden, 

847–848
property versus legal guardianship, 853
public disclosure laws, 850–852
recommendations, 854–855
regulatory burden, 846–847
regulatory challenges, 844–845
risk management, 853–854
transportation of research animals, 852
U.S. rules and regulations, 849–850

G

Gamma-irradiated diets, 643
Genetic identification, 611–612
Genetic Monitoring Reference Program, 150
Gloves, 285–286
Good clinical practice (GCP) regulations, 13
Good laboratory practice (GLP), 13, 423, 641

animal care, 336
equipment, 335–336
organization and personnel, 335

Grants, 274–275
Ground diet, 643

H

Harmonization, 147–157
challenges of, 153–154
engineering and performance standards, 152–153
Five Freedoms, 151
globalization of science and core ethical principles, 

150–151
global organizations, principles of, 148–149
global principles of research animal welfare, 147–150
implementation of institutionally harmonized program, 

154–155
legislation, principles in, 148
management structure and commitment, 153
operational efficiency, 151–152
professional associations, role of, 149–150
scientific quality, 152
socioeconomic factors, 154
teamwork and high standards, 152

Hazardous materials management plan (HMMP), 316
Hazards, 294–316

animal-related hazards, 298–312
associated with animal study protocols, 312
biological agents with human pathogen potential, 

312–314
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environmental hazards, 294–298
hazardous chemicals and drugs in animal research, use 

of, 315–316
radionuclides in animal research, use of, 315
recombinant or synthetic nucleic acid molecules, 

working with, 314–315
Health of Animals Act (Canada), 169
Health Research Extension Act (HREA), 4
Health Resources and Services Administration (HRSA), 117
Hearing protection, 287–289
Heart attack and stroke research, achievements in, 87
Heating, ventilation, and air-conditioning (HVAC) 

systems, 466, 709
Hepatitis research, achievements in, 87
Hierarchy of controls, 285
High-efficiency particulate air (HEPA), 282
HIV research, achievements in, 87
HMMP, see Hazardous materials management plan
Housing

large animal, see Large (nonagricultural) animal 
enclosures and housing

small animal, see Small animal enclosures and 
housing

HPV sterilization, see Hydrogen peroxide vapor (HPV)
sterilization

HREA, see Health Research Extension Act
HRSA, see Health Resources and Services Administration 
HSUS, see Humane Society of the United States
Human care, 201–220

coaching, 211
definition of manager, 201–202
emotional intelligence, 201
employee composition, 203–204
employee development, 214–218
management activities, 202
recruitment, 204–208
retention, 208–214
screening questions, 206
selection and staff onboarding, 207–208
SMART goals, 212, 213
targeted selection interviewing, 206
training for managers, 202–203
workforce diversity and career development, 216–218

Humane Society of the United States (HSUS), 8
Humanistic force leader, 226
HVAC systems, see Heating, ventilation, 

and air-conditioning (HVAC) systems
Hydrogen peroxide vapor (HPV) sterilization, 420

I

IACUC, see Institutional Animal Care and Use 
Committee

ICLAS, see International Council for Laboratory Animal 
Science

ICPM, see Institute for Certified Professional Managers
Illinois cubicles, 713
Improved Standards for Laboratory Animals Act, 116
In Defense of Animals (IDA), 8
Individually ventilated caging (IVC) systems, 471, 

712, 798

Influenza research, achievements in, 87
Information technology, 343–353

in animal care department, 344–346
communication and collaboration in the current 

environment, 346–347
e-mail, 348–349
in IACUC office, 343–344
security, 347
social media, 347–348
websites for laboratory animal professionals, 

349–352
In-house training, 240–243; see also Education and 

training
Institute for Certified Professional Managers (ICPM), 202
Institute for Laboratory Animal Research, 5
Institute of Medicine (IOM), 92
Institutional Animal Care and Use Committee, 185

establishment of standards for, 795–799
information technology in, 343–344
roles and responsibilities of, 734
surgical protocol planning, 808

Institutional Animal Care and Use Committee, application 
of performance standards, 192–195

animal environment and management, 192
animal facilities, 193
institutional administration and management, 192
postapproval monitoring, 194–195
program of veterinary care, 192
protocol review and approval processes, 193–194

Institutional Animal Care and Use Committee (IACUC) 
or oversight body, roles and responsibilities for 
members of, 27–34

attending veterinarian, 33–34
culture of compliance, conscience, and respect 

(establishment of), 28–29
IACUC, 29–30
IACUC administrator, 32–33
IACUC chair, 31–32
institutional official, 30–31
program, 28

Institutional Animal Care and Use Committee/Oversite 
Body (IACUC/OB), documentation and 
monitoring, 320–326

animal use protocols, 320–324
animal welfare concerns and noncompliance, 326
facility inspection and program review, 325–326
meeting minutes, 324–325
policies, 325
postapproval monitoring, 326
retention requirements, 325
standard operating procedures, 324

Institutional Biosafety Committee (IBC), 324
Institutional official (IO), 30–31, 734
Integrated pest management (IPM), 616
Integrated Risk Information System (ISIS), 719
International Agency for Research on Cancer (IARC), 719
International Consortium for Innovation and 

Quality in Pharmaceutical Development 
(IQ Consortium), 149

International Council for Laboratory Animal Science 
(ICLAS), 7, 119, 135
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Invertebrates, 580–583
Investigational new drug (IND) status vaccine, 723
IO, see Institutional official
IPM, see Integrated pest management
ISIS, see Integrated Risk Information System
IVC systems, see Individually ventilated caging (IVC) 

systems

J

Japanese College of Laboratory Animal Medicine, 7
Job hazard analysis (JHA), 280
Job safety analysis (JSA), 280
Joint disorders research, achievements in, 87

K

Kidney disease research, achievements in, 88

L

Laboratory Animal Bureau, 3
Laboratory animal program management, evolution of, 

3–8
AAALAC International, 5
American Veterinary Medical Association, 6
Animal Care Panel, 3
Animal and Plant Health Inspection Service, 4
Animal Welfare Act, 4
certification programs, 6
Council for International Organizations of Medical 

Sciences, 7
Cruelty to Animals Act, 3
electronic technology, 8
Federation of European Laboratory Animal Science 

Associations, 8
grants and contracts, 4
Institutional Animal Care and Use Committees, 4, 7
International Council for Laboratory Animal 

Science, 7
Japanese College of Laboratory Animal Medicine, 7
Laboratory Animal Bureau, 3
Laboratory Animals Veterinary Association, 6
Medicines Act, 3
society formation, 3
staff training, 5
USDA Animal Care, 4

Laboratory Animals Veterinary Association (LAVA), 6
Laboratory animal technician (LAT), 202
Laboratory animal technologist (LATG), 202, 226
Laboratory Animal Welfare Act, 116
Laboratory Animal Welfare Training Exchange 

(LAWTE), 223
Large (nonagricultural) animal enclosures and housing, 

507–530
canines, 519–522
cost–benefit, 510
felines, 522–524
husbandry, 509
nonhuman primates, 510–516
oversight organizations, 508–509

rabbits, 516–519
supporting research and emerging technologies, 

509–510
welfare, 509

LAT, see Laboratory animal technician
LATG, see Laboratory animal technologist
LAWTE, see Laboratory Animal Welfare Training 

Exchange
LBNZ risk, see Low but not zero (LBNZ) risk
Leadership, five forces of, 226
Leadership in Energy and Environmental Design (LEED) 

program standards, 410
Learning management systems (LMSs), 223
Light-emitting diodes (LEDs), 465
LinkedIn, 348
Live feed, 644
LMSs, see Learning management systems
Low but not zero (LBNZ) risk, 292

M

Macaque and baboon breeding colonies, management of, 
686–690

colony management, 688
nutrition and feeding, 689
physiology, 686–687
pregnancy detection, 687
pregnancy successes, 688–689
social structure, 688

Macroenvironment versus microenvironment, 
see Environmental factors

Magnetic resonance imaging (MRI), 296, 816
Malaria research, achievements in, 88
Malware, 452
Marmoset breeding colonies, management of, 691–695

breeding strategy, 693–694
cage sizes, 692
clinical issues, 694–695
housing, 691–692
social housing, 692–693

Material safety data sheets (MSDSs), 296
Maximum contaminant levels (MCLs), 656
Maximum contamination-level goals (MCGLs), 656
MDS, see Municipal distribution system
Meal diets, 643
Medicated diets, 641
Membrane fouling, 660
Memorandum of understanding (MOU), 362
Mice breeding colonies, management of, 675–686

calculating colony size, 675–677
husbandry, 677–682
quality control, 682–684
tips for breeding mouse lines, 684–686

Moist diets, 644
Monitoring, see Program documentation and monitoring
MOU, see Memorandum of understanding
Mouse parvovirus (MPV), 644
MRI, see Magnetic resonance imaging
MSDSs, see Material safety data sheets
Mucous membrane protection, 287
Municipal distribution system (MDS), 656
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N

NABR, see National Association for Biomedical 
Research

Named Animal Care and Welfare Officer (NACWO), 3
National Aeronautics and Space Administration (NASA) 

Sundowner principles, 44–45
National Anti-Vivisection Society (NAVS), 8
National Association for Biomedical Research (NABR), 

94, 850
National Institutes of Health (NIH), 268

Office of Laboratory Animal Welfare (OLAW), 5, 110
Office for Protection from Research Risks (OPRR), 5

National Nanotechnology Initiative (NNI), 720
National Science Foundation (NSF), 110, 532
NAVS, see National Anti-Vivisection Society
Negative reinforcement training (NRT), 774
New England Anti-Vivisection Society (NEAVS), 8
NNI, see National Nanotechnology Initiative
Nobel Prizes (animal research), 95–98
Nontraditional species, 579–596

amphibians (terrestrial and semiaquatic frogs, toads, 
and salamanders), 590–594

birds (songbirds, pigeons, chickens and ducks, and 
psittacines), 583–586

invertebrates, 580–583
regulatory considerations, 580
reptiles (snakes, lizards, turtles, and crocodilians), 

586–590
NRT, see Negative reinforcement training
NSF, see National Science Foundation

O

Occupational safety and health, 279–318; see also Hazards
acute sample, 293
administrative controls, 283
background, 280–281
biosafety levels, 282, 312
clothing protection and contamination control, 285–289
disposal of hazardous materials, 316–317
engineering versus procedural controls, 282–283
hazard communication and signage, 283
hazards, 294–316
hierarchy of controls, 285
occupational medical support services, design of, 

289–290
occupational safety, 281–289
personnel protective equipment, 283–285
preplacement medical evaluation, 290
reporting, record keeping, and quality assurance, 

293–294
risk-level descriptors, 292
roles and responsibilities, 281
routine periodic medical evaluations, 290–291
work-related injuries and illnesses, medical evaluation 

for, 291–293
Occupational Safety and Health Administration (OSHA), 

280, 420, 714, 722
Office of Laboratory Animal Welfare (OLAW), 110
Open-formula diets, 641

Operational qualifications (OQs), 409
Organ failure research, achievements in, 88
Organizational responsibilities, 11–26

auditing and continuous improvement, 21–22
communication, 19–20
compassion satisfaction, 17
“culture of care,” 12
designing a culture of care, 16
Five Freedoms, 16
human–animal bond and staff empowerment, 17–19
key characteristics of a culture of care, 17
organizational commitment, 13–16
recognition, 20–21
reinforcement, 22–23
structure (culture of care), 17
3Rs, 23
training, 20
value statement, 12

Organizations offering training, 254–261
AAALAC International, 254–255
American Association for Laboratory Animal 

Science, 255
American College of Laboratory Animal 

Medicine, 255
Association of Primate Veterinarians, 255
California Society for Biomedical Research, 260
Canadian Association for Laboratory Animal Science/

Association Canadienne pour la Science des 
Animaux de Laboratoire, 255

Canadian Council on Animal Care, 255
Charles River Laboratories, 256
Collaborative Institutional Training Initiative, 256
Committee for Laboratory Animal Training and 

Research, 256
Education and Training Platform for Laboratory 

Animal Science, 256
FLAIRE Learning, 257
Fondazione Guido Bernardini, 256–257
Foundation for Biomedical Research, 256
Humane Endpoints, 257
iCARE Project, 257
Institute of Animal Technology, 257
Institute for Laboratory Animal Management, 257
International Council for Laboratory Animal 

Science, 257
Jackson Laboratory, 258
journals, 260
Laboratory Animal Management Association, 258
Laboratory Animal Welfare Training Exchange, 258
Massachusetts Society for Medical Research, 260
National Academy of Sciences, 258
National Association of Veterinary Technicians in 

America, 258
NC3Rs, 258
NIH/OLAW, 259
Norwegian Inventory of Alternatives, 259
Public Responsibility in Medicine and Research, 259
Purina LabDiet, 259
Scientist Center for Animal Welfare, 259
Society of Laboratory Animal Veterinary 

Technicians, 259

www.ebook3000.com

http://www.ebook3000.org


869Index

States United for Biomedical Research, 260
U.S. Department of Agriculture/Animal and Plant 

Health Inspection Service, 259
worldwide organizations and societies, 261

OSHA, see Occupational Safety and Health 
Administration

Outreach programs, see Education and outreach programs
Oversight body, roles and responsibilities, see Institutional 

Animal Care and Use Committee (IACUC) or 
oversight body, roles and responsibilities for 
members of

P

PAM, see Postapproval monitoring
Paralysis research, achievements in, 88
Parkinson’s disease research, achievements in, 88
PCR, see Polymerase chain reaction (PCR)
PCRM, see Physicians Committee for Responsible 

Medicine
Pedagogy, 240
Pelleted diets, 642
People for the Ethical Treatment of Animals (PETA), 8, 442
Performance qualifications (PQs), 409
Performance standards, leveraging of, see Research 

process, facilitation of
Perpetration-induced traumatic stress (PITS), 837
Personal protective equipment (PPE), 280, 415, 662, 711
Personnel identification number (PIN), 408
PET, see Positron emission tomography
PETA, see People for the Ethical Treatment of Animals
Pet Theft Act of 1990, 116
Pharmaceutical and chemical waste, 623
Phishing, 451
PHS, see U.S. Public Health Service
Physicians Committee for Responsible Medicine 

(PCRM), 8
PIN, see Personnel identification number
PITS, see Perpetration-induced traumatic stress
Polymerase chain reaction (PCR), 749, 798
POR, see Program of requirements
Positive reinforcement training (PRT), 64, 238, 773
Positron emission tomography (PET), 816
Postapproval monitoring (PAM), 103, 192, 326
Post–site visit communication (PSVC), 173
Powdered diet, 643
PPE, see Personal protective equipment
PQs, see Performance qualifications
Preference utilitarianism, 38
Prescribed drugs, animals behind top 25 (U.S., 2014), 

98–99
Program documentation and monitoring, 319–341

acquisition and disposition of animals, 329
animal health records, 331
animal health surveillance, 330–331
animal resources and facility operations, 326–334
animal use protocols, 320–324
animal welfare concerns and noncompliance, 326
biosafety plan, 337
controlled drugs, 333
emergency (disaster) plan, 330

environmental enrichment, 330
environmental health and safety, 331–332
environmental monitoring, 332
equipment function, 332
facility inspection and program review, 325–326
good laboratory practice, 334–336 
husbandry assignments and completion of 

activities, 329
identification, cage cards, and census and billing, 

329–330
incident response plan, 338
inspections and site visits, 334
Institutional Animal Care and Use Committee/Oversite 

Body, 320–326
meeting minutes, 324–325
miscellaneous documentation, 339–340
pest control, 332–333
policies, 325
postapproval monitoring, 326
registration of select agents, 336–337
retention requirements, 325
sanitation monitoring, 333
security and access control, 333
security plan, 337
select agents, 336–340
staff education and training, 328–329
training, 338–339
water quality monitoring, 333

Program of requirements (POR), 384
Protests, guidelines for managing, 453
PRT, see Positive reinforcement training
PSVC, see Post–site visit communication
Psychological well-being, 49; see also Behavioral 

management programs
Public disclosure laws, 850
Public Health Service (PHS), 91, 148
Purified diets, 641

Q

Quality assurance (QA) program, 409, 619–621
Quality improvement, 274

R

Radio frequency identification (RFID) microchips, 344, 613
RCRA, see Resource Conservation and Recovery Act
Registered Veterinary Technician (RVT), 226
Regulations, 115–136; see also Compliance programs

AAALAC International, 135
Africa, 124–125
Australia, 132–134
Cambodia, 132
Canada, 121–122
CIOMS, 135
Code of Federal Regulations, 116
Europe, 122–124
ICLAS, 135
India, 128–129
Indonesia, 131
Japan, 126–127
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Latin America, 122
Malaysia, 130–131
multinational guidance, 135
New Zealand, 134–135
People’s Republic of China, 125
Philippines, 131–132
Singapore, 129–130
South Korea, 127
Taiwan, Republic of China, 126
Terrestrial Animal Health Code, 135
Thailand, 129
United States, 116–121

Regulatory burden, see Research process, facilitation of
Regulatory programs, see Compliance programs
Replicate Organism Detection and Counting (RODAC), 

616, 749
Reptiles (snakes, lizards, turtles, and crocodilians), 586–590
Research animal breeding colonies, management of, 

673–704
dogs, 696–700
macaques and baboons, 686–690
marmosets, 691–695
mice, 675–686

Research process, facilitation of, 185–197
animal care program, 192–196
application of performance standards, 191–196
appropriate standards, selection of, 190–191
assessing outcomes, 188–191
engineering standards, 188–189
evaluation of outcomes, 191
impact of regulatory compliance burden, 186–187
minimizing regulatory compliance burden, 187–188
organizational considerations, 196
performance standards, 189–190
practice standards, 190
regulatory burden, 186
self-imposed compliance burden, 186–187

Resource Conservation and Recovery Act (RCRA), 714
Respiratory protection, 287
Reverse osmosis (RO), 659–661
RFID microchips, see Radio frequency identification 

(RFID) microchips
Risk of disease (RoD), 292, 293
Risk of exposure (RoE), 292
Risk management, future challenges of, 853–854
Risk (harm) versus benefit assessment, 56
Rodent caging systems, see Small animal enclosures 

and housing
RVT, see Registered Veterinary Technician

S

SAEN, see Stop Animal Exploitation Now
Safe Drinking Water Act (SDWA), 656
Safety data sheets (SDSs), 296
Security considerations, 431–457

emergency planning, 435–437
employee awareness campaigns, 437–438
industry resources, 456
infiltration, risk of, 441–446
managing and protecting data, 447–448

physical security review, 434–435
policies and procedures, 445–446
postemployment supervision, 445
preemployment screening, 443–445
protests, guidelines for managing, 453
risk analysis, 433–434
risk from animal rights extremism, 438–441
sample bomb threat form, 454
sample suspicious phone call form, 455
security awareness and preparedness, 432–438
social engineering, 450–453
workplace violence, 446–447

Semisynthetic diets, 641
Sex differentiation, 612–613
SFM, see Surgical facility manager
Simian immunodeficiency virus (SIV), 304, 797
Simian T cell lymphotropic/leukemia virus (STLV), 797
Site visit teams, 169
Small animal enclosures and housing, 479–505

alarms, 499
automated census, 499
barrier housing, 493–494
bedding, 495
caging materials, 481–486
caging systems, 480–495
caging types, 486–489
changing stations and biological safety cabinets, 491–492
diets, treats, and gnawing, 496
emerging technologies, 499–500
enrichment, 494–499
exercise, 496
integration, 489
nesting, 495
regulatory requirements and considerations, 480
research impact and considerations, 500
sanitation, 490–491
shelters, 496
social enrichment, 495
sound and scent, 499
thermoregulation at cage level, 499–500
water, 491

SMART goals, 212, 213
Social engineering, 450–453

cyber-squatting, 452
malware, 452
phishing, 451
pretext interactions, 450
social media, 452–453
suspicious phone calls, 451

Social media, 347–348, 452–453
Soft diets, 644
SOP, see Standard operating procedure
SOW, see Statement of work
Speaking of Research, 95
Specific pathogen-free (SPF) status, 794
Staff, see Human care
Standard operating procedure (SOP), 64, 69, 423
Statement of work (SOW), 382
States United for Biomedical Research (SUBR), 94
STLV, see Simian T cell lymphotropic/leukemia virus
Stop Animal Exploitation Now (SAEN), 8
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Suffering, 50, 52
Supplemental fiber, 644
Surgery, 807–825

adjunct surgical support areas, 814
anesthetic equipment, 814–815
animal preparation area, 812–813
animal transportation, 811
budget and billing, 818–819
cleaning and sterilization equipment, 816–817
instruments and equipment, 814–817
monitoring equipment, 815
personnel roles and responsibilities, 810
personnel training, 811
postoperative care, 819–821
postoperative recovery area, 813
protocol planning, 808–809
records and regulations, 817–818
scheduling of procedures, 810
standard operating procedures, 821–822
surgery planning, 809–811
surgical facility, 811–814
surgical and specialized equipment, 816
training, 822–824

Surgical facility manager (SFM), 807
Symbolic force leader, 226

T

TAN, see Total ammonia nitrogen
Targeted selection interviewing, 206
Technical force leader, 226
Terrestrial Animal Health Code, 135
Three Rs, 116, 168
Total ammonia nitrogen (TAN), 560
Training, see Education and training; Organizations 

offering training
Train-the-trainer (TtT) structures, 223
Tumblr, 348
Twitter, 348

U

Ultrafiltration (UF), 659–661
Understanding Animal Research, 94
Universities Federation for Animal Welfare (UFAW), 7
U.S. Animal Enterprise Terrorism Act, 8
U.S. Department of Agriculture (USDA), 4

Animal Care (AC), 4
Animal and Plant Health Inspection Service (APHIS), 

110, 706
U.S. Environmental Protection Agency (EPA), 656, 714
U.S. Food and Drug Administration (FDA), 85, 334, 719
U.S. Freedom of Information Act (FOIA), 4, 8, 850
U.S. Green Building Council (USGBC), 410
U.S. Public Health Service (PHS), 4, 532
Utilitarianism, 38, 41

V

VA, see Department of Veterans Affairs
Vaccines, 723

Value statement, 12
Vascular endothelial growth factor (VEGF), 89
Veterinary care, 733–770; see also Animal health status

animal care specialist or husbandry technician, 737
animal facility manager, office manager, and 

administrative staff, 736–737
animal health status, 741–750
clinical care of animals, 750–764
diagnostic facilities, 739–740
experimental testing and procedure rooms, 738
IACUC, 734
impact of facility design, medical support areas, and 

equipment, 737–741
institutional official, 734
isolation and quarantine facilities, 741
medical treatment facilities, 738–739
pharmacy facilities, 740
postoperative recovery and intensive care facilities, 

740–741
roles and responsibilities, 734–737
scientist, 735
surgical facilities, 740
veterinarian, 735–736
veterinary and laboratory animal technician or 

technologist, 737
Veterinary medical officers (VMOs), 117
Vision loss research, achievements in, 88
Vivarium Operational Excellence Network (VOE-N), 274

W

Waste management, 621–622
Water quality and water delivery systems, 655–672

acidified water, 662–663
automated watering systems, 666–668
chlorination, 663–664
disposable and semidisposable systems, 668–670
gels, 670
media filtration, 658–659
membrane fouling, 660
municipal water treatment and distribution, 

656–657
reverse osmosis and ultrafiltration, 659–661
sources of water, 656
steam sterilization, 664
ultraviolet irradiation, 661–662
water bottles, 665
water delivery systems, 665–670
water quality, 657
water treatment, 657–664

Websites for laboratory animal professionals, 349–352
Well-being (general), 49
WHMIS, see Workplace Hazardous Materials Information 

System
WHO Advisory Committee on Medical Research, 7
Workforce diversity, 216–218
Workplace Hazardous Materials Information System 

(WHMIS), 169
Workplace violence, 446–447
World Health Organization (WHO), 7
World Organization for Animal Health, 135
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Y

YouTube, 348

Z

Zebrafish International Resource Center (ZIRC), 797

Zoonotic diseases, 300–312
cage wash areas, 312
carnivores, 311
fish and frogs, 312
nonhuman primates, 300–310
rodents and rabbits, 310–311
ungulates, 311–312
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