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This report is respectfully dedicated to the memory of
CHARLES KEAN
March 25, 1942 — June 25, 2004

who dedicated his life to the care of humans and animals alike
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an Associate Professor of Physiology and Pharmacology and

Director of the Animal Care Facility at Loma Linda University, to
the National Research Council’s (NRC’s) Institute for Laboratory Animal
Research (ILAR), the Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC) International, and the Office of
Laboratory Animal Welfare (OLAW) of the National Institutes of Health
(NIH) outlining the research animal care community’s concerns about the
safe and humane transportation of research animals. Dr. Kean requested
that those organizations look into the transportation of research animals
and into issues that were adversely affecting animal welfare. In response,
ILAR hosted a meeting of various stakeholders to identify and discuss
important issues in the transportation of research animals. The meeting
was funded by NIH and included representatives of the scientific com-
munity, professional veterinary organizations, regulatory and accrediting
agencies, animal breeders, and the transportation industry. Special thanks
are due to the following for participating in the meeting, which took place
December 4, 2001:

I I 1 his project was initiated in response to a letter from Charles Kean,

Kathryn Bayne, AAALAC International

Frank Black, Air Transportation Association of America, Inc.
Ralph Dell, ILAR

Nelson Garnett, OLAW

James Geistfeld, Taconic Farms, Inc.

Charles Kean, Loma Linda University

ix
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Carl Kole, United Airlines

J. Michael Krop, US Postal Service

Steven Leary, Washington University

Emilie Rissman, University of Virginia

Robert Russell, Harlan Sprague Dawley, Inc.

James Taylor, Office of Animal Care and Use, NIH

Richard Watkins, US Department of Agriculture (USDA) Animal and
Plant Health Inspection Service

William White, Charles River Laboratories

The meeting delineated the problems encountered during and result-
ing from air and ground transportation of live animals. The participants
also focused on mechanisms to solve the problems, including the poten-
tial for a future ILAR study. As a result of this meeting, the Elizabeth R.
Griffin Research Foundation, NIH, and the National Center for Infectious
Diseases sponsored an ILAR committee to address problems associated
with transportation of research animals and produce a report that includes
recommendations intended for government agencies as well as for indi-
vidual investigators/animal facility managers who may need to ship
animals in the future.

Transportation of research animals may raise concerns related to the
well-being of the animals and concerns about how animals are affected by
general environmental conditions. These concerns often depend on the
species being transported. Shipments from breeders to research institu-
tions are generally well executed through the use of company-owned
fleets of environmentally controlled vehicles, but arranging transport from
vendors without established transport systems, or between research insti-
tutions, can be challenging. Animals may be shipped in vehicles without
controlled environments and could be subjected to extreme temperatures.
Specific requests for temperature-controlled vehicles may not be honored
because the shipper may not have temperature-controlled vehicles avail-
able or the request may not have been passed on to a subcontractor hired
by the shipper to transport the animals. The USDA has regulatory juris-
diction and inspection authority over transportation of animals through
the Animal Welfare Act. However, most animals shipped are rats and
mice, which are not covered under the act. The Public Health Service,
whose oversight does include those species, does not inspect research
animal transportation activities unless a complaint is filed.

The major problem in transporting nonhuman primates is that few
airlines are willing to carry the animals. International shipment, the most
common transportation of nonhuman primates, is often delayed by a
cumbersome, multiagency permitting process involving the USDA Vet-
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erinary Service, US Fish and Wildlife Service, the Centers for Disease
Control and Prevention (CDC), and the Department of Transportation
(DOT). Airlines have little incentive to carry the animals because it is not
profitable and workers must wear protective clothing when handling
them. The latter is disturbing both for workers and for travelers who
see them. Finally, many animal rights activists have successfully lobbied
the airlines to stop transporting nonhuman primates nationally and
internationally.

Transportation of research animals is an essential component of the
research enterprise. The integrity and well-being of the animals being
transported are necessary for the quality of the research and the welfare
of the animals. The lack of clear guidelines that cover all species can cause
confusion for individuals without extensive experience in arranging trans-
portation for research animals. In addition, investigators may find it
difficult to identify a responsible shipper that will arrange for appropriate
caging, inclusion of food and water, and other animal needs during
transportation.

In the aftermath of the bioterror incidents involving anthrax in the fall
of 2001, the possibility that research animals will be used to carry or dis-
seminate bioterrorism agents must be considered. Breaches in good trans-
portation practices, either purposeful or accidental, could result in the
spread of infectious agents. In addition, new legislation (such as the
Animal Health Protection Act of 2002) and several guidelines related to
homeland security have the potential to complicate the importing, export-
ing, and transportation of animals and specimens for biomedical research.

The issues identified in the preceding statements led to appointment
of the ILAR Committee on Guidelines for the Humane Transportation of
Laboratory Animals. The committee held three meetings—in April, Sep-
tember, and December 2004. During the course of its deliberations, the
committee sought assistance from many people, who gave generously of
their time to provide valuable advice and information that were used in
its deliberations. Special thanks are due to the following:

Richard Phelan, Taconic Farms, Inc.

Bonnie P. Dalton, Science Directorate, Ames Research Center,
National Aeronautics and Space Administration

Gale Galland, Division of Global Migration and Quarantine, National
Center for Infectious Diseases

Frank Kohn, FWS

John Monetti, World Courier

Erik Liebegott, Transportech, LLC

Robert Fernandez, Direct Services

William White, Charles River Laboratories
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Carol Wigglesworth, OLAW

Bobby Brown, CDC

Carl Kole, Special Cargos, United Airlines

Charles Kean, Animal Research Facility, Loma Linda University
Barbara Kohn, Office of Animal Care, USDA

Eileen Edmonson, Office of Hazardous Materials Safety, DOT

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

Susan Eicher, Purdue University, West Lafayette, IN

Steven Griffey, University of California, Davis, CA

Kathleen Hancock, Virginia Polytechnic University, Alexandria, VA

Barbara Hansen, All Children’s Hospital, St. Petersburg, FL

Donald Lay, Purdue University, West Lafayette, IN

Tim Morris, GlaxoSmithKline, United Kingdom

William Morton, Paris NHP, Edmonds, WA

Barbara Orlans, Georgetown University, Washington, DC

Frankie Trull, National Association for Biomedical Research,
Washington, DC

William White, Charles River Laboratories, Wilmington, MA

Walter Woolf, Air Animal, Tampa, FL

Although the reviewers listed above provided many constructive
comments and suggestions, they were not asked to endorse the conclu-
sions or recommendations, nor did they see the final draft of the report
before its release. The review of the report was overseen by:

Johanna Dwyer, Tufts University, Boston, MA
Steven Pakes, University of Texas Southwestern Medical Center and
VA North Texas Health Care System, Dallas, TX

Appointed by the NRC, they were responsible for making certain that
an independent examination of the report was carried out in accordance
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with institutional procedures and that all review comments were care-
fully considered. Responsibility for the final content of the report rests
entirely with the authoring committee and the institution.

Ransom L. Baldwin, Chair
Committee on Guidelines for the
Humane Transportation of
Laboratory Animals
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Summary

ransportation of research animals is an essential component of the

biomedical research enterprise that can have substantial, although

often little understood, effects on the physiological and psycho-
logical condition of the animals. Both environmental conditions and the
novelty of the transportation experience can cause stress, which can cause
short-term changes in physiology and thus affect subsequent research if
the animals are utilized immediately after transportation. In addition,
transportation stress in great intensity or duration can adversely affect
animals” well-being.

Individuals at research facilities often find arranging transportation
of animals a challenge. A confusing patchwork of local, national, and inter-
national regulations; a perceived lack of high-quality shipping services; a
dearth of science-based good practices; and a lack of biosafety standards
all represent difficulties with which people are confronted when attempt-
ing to move research animals to or from their institution.

In recognition of these challenges and the potential for transportation
to affect subsequent research, the National Institutes of Health (NIH) and
the National Center for Infectious Diseases asked the National Research
Council to form a committee of experts to address current problems
encountered in the transportation of research animals and to offer recom-
mendations for rectifying the problems for the benefit of research animals
and the research community.

Developing science-based good practices was the major focus of the
committee’s efforts, which was particularly challenging given the dearth

Copyright © National Academy of Sciences. All rights reserved.
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of literature available on transportation practices and the effect of trans-
portation on the most common research animals. However, using the
extensive body of literature that is available on agricultural animals, the
committee was able to develop, in Chapter 3, a set of good practices based
on some universal concepts of physiology and a scientific understanding
of species-specific needs and differences. Good practices were developed
to address thermal environment, space requirements, food and water
requirements, social interaction and group transportation, handling,
monitoring of transportation, emergency procedures, and personnel train-
ing. Although precise engineering standards are often preferred by human
assessors, the scientific literature supports few engineering standards.
Therefore, the good practices recommended by the committee were
developed as “performance standards,” which define an outcome (such
as animal well-being or safety) and provide criteria for assessing that out-
come without limiting the methods by which to achieve that outcome.
The use of performance standards allows institutions and organizations
the flexibility to adjust their procedures to optimize animal welfare
according to the species being transported, the mode of transportation,
and local environmental conditions.

During public hearings, it was evident that the issue causing the great-
est confusion among those attempting to ship research animals is the over-
lapping authority that multiple federal agencies have over the research
animal transportation process. In Chapter 2, the committee identifies the
federal agencies that may be involved in the process and summarizes their
agencies’ statutory authority, the aspects of the transportation process that
they regulate, and how they enforce their authority (inspection, permit-
ting, and issuing standards). In addition, the committee identifies the
major international treaties and agreements that may pertain to the im-
portation or exportation of animals into or from the United States. At the
end of the chapter is a checklist of questions that can be used to identify
the standards that apply when transporting animals into, out of, or within
the United States.

Several of the federal statutes were enacted to prevent the introduc-
tion, transmission, or spread of communicable disease in the United
States, which could occur either intentionally or unintentionally through
human exposure to animals. Infectious pathogens are not only a risk to
public health, but can jeopardize animal health, research programs, and
agricultural resources if introduced into animal colonies and laboratories.
In Chapter 4, the committee identifies diseases of research animals that
can be transmitted to humans, agricultural animals, and other research
animals, and recommends good practices to avoid biosafety problems
during transport and introduction at a new facility. Utilizing a good
shipper is important for maintaining biosecurity during transport, as well
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as for ensuring the safety and comfort of the animals. The committee
identifies characteristics of a good shipper (Chapter 4) and also provides a
checklist of factors to consider when arranging transportation of research
animals between research facilities (Chapter 1).

The committee also examined the existing system for transporting
research animals by truck in the United States (Appendix B). By combin-
ing information on the locations where research animals are utilized and
the locations of the major research animal vendors and breeders in the
United States, the committee was able to construct a geographic informa-
tion system model. This hypothetical model provides a qualitative sense
of the patterns of transportation of research animals. In addition, this
section presents the results of a quantitative modeling effort to locate
additional supply points “optimally” and an assessment of the potential
benefit of the additional supply points.

MAJOR RECOMMENDATIONS

Declining Availability of Air Transportation for Nonhuman Primates

Over the last 10-15 years, most foreign and domestic airlines have
implemented a ban on transporting nonhuman primates destined for
research. Many factors may have contributed to this decline, including
concerns about zoonoses, the high cost of training personnel and acquir-
ing protective equipment, the negative reactions of airline passengers,
pressure from animal rights activists, and the unprofitable nature of live-
animal transportation. Currently, only one domestic airline and five
foreign airlines will consistently transport nonhuman primates. In the
committee’s judgment, the most promising solution for ensuring a stable
means of transporting nonhuman primates into and within the United
States is for NIH, through the National Center for Research Resources, to
update and implement the National Primate Plan. This plan could include
several different actions to be pursued, including developing national
nonhuman primate resources and ensuring financial allowances for costs
associated with chartering private airplane transportation.

The committee also recommends that the National Primate Research
Centers (NPRCs) and research institutions utilizing nonhuman primates
work together to encourage the development of reliable ground transpor-
tation for nonhuman primates. Although ground transport of nonhuman
primates does occur, it is not widespread, possibly due to economic con-
straints and because most ground transportation companies are geared
toward the transportation of rodents and other small mammals. How-
ever, NPRCs and researcher institutions could prepare for the possibility
that domestic transportation on commercial airlines may one day become
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unavailable by partnering to encourage reliable ground transport, perhaps
through professional societies.

The committee also recommends that federal agencies that fund
nonhuman-primate research and the commercial shipping community
coordinate an initiative to develop a self-contained overshipper to ship
nonhuman primates (and other animals) that pose a significant risk of
zoonotic exposure. An overshipper is a closed, environmentally controlled
container into which a standard primary enclosure is loaded in order to
prevent a zoonotic exposure. The advantages in safety, security, and con-
venience could encourage more airlines to transport nonhuman primates.
In addition, with increased research focus on potential agents of bio-
terrorism, an overshipper could increase the ability of the research com-
munity to access or exchange established animal models of infectious and
zoonotic diseases.

Regulatory Burden

The complex and confusing regulatory environment surrounding the
transportation of research animals led the committee to recommend
the establishment of an interagency working group to coordinate all
federal inspection and permitting activities related to the transportation
of research animals and their products. Currently five federal agencies
have oversight authority on various aspects of the transportation process.
The resulting overlap of authority presents a significant regulatory burden
to individual researchers and commercial shipping operations. Establish-
ing a working group would centralize operations and communications,
and would reduce regulatory burden by minimizing the number of
inspections and permits that must be issued for each shipment. The com-
mittee also recommends that the various federal agencies work to clarify
confusing and inconsistent regulations that pertain to transportation of
research animals and their products, and in particular the Animal Welfare
Act regulations, which are the federal regulations that establish standards
for animal welfare that apply to most species of research animals during
transportation.

Animal Welfare

Many issues must be considered in order to ensure the comfort, well-
being, and safety of research animals during transportation. This can
present a challenge to individuals at research institutions that have little
previous experience with facilitating the transportation of research ani-
mals. These investigators may be unfamiliar with practices that address
the welfare of animals, methods that minimize transit time, and charac-
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teristics of an effective commercial shipper. Therefore, the committee
recommends that research institutions, whether commercial or academic,
designate a single individual to be responsible for ensuring the safe ship-
ment and receipt of research animals. This individual would ensure
appropriate registration and permitting, as well as the use of US Depart-
ment of Agriculture-certified carriers, properly trained subcontractors,
and appropriate transportation enclosures. It is expected that designation
of a responsible individual will alleviate the burden on investigators of
becoming familiar with the intricacies of federal regulations and resources
such as commercial services, and will, most importantly, ensure the
welfare of the animals involved.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11557.html

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11557.html

Introduction

ver the last 10 years, the biomedical research enterprise has

undergone tremendous growth. The amount of federal funding

for biomedical research has more than doubled since 1995, and
the pharmaceutical, biotechnology, and contract research sectors have all
seen double-digit growth (PhRMA, 2005). That growth has been accom-
panied by parallel increases in research infrastructure, including an
increase in the numbers of animals used in biomedical research. The
humane transportation of research animals has been a priority, but there
are concerns that the rapid increase in the numbers of animals transported,
the increasing use of genetically modified animals that may have medical
considerations, the complexity of permitting and inspection of research
animals, and the dwindling availability of transportation services are
adversely affecting the quality and ease of transportation in the United
States.

Because of those concerns, the National Center for Infectious Diseases
of the Centers for Disease Control and Prevention (CDC) and the National
Institutes of Health asked the Institute for Laboratory Animal Research of
the National Research Council to convene a committee to address prob-
lems associated with the transportation of research animals. The detailed
charge to the committee is as follows:

A committee will be formed to address current problems encountered in
the transportation of research animals and make recommendations to
rectify these problems to the benefit of the research community and the
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animals themselves. The committee will focus on all species used in bio-
medical research and all possible modes of transportation. Specifically,
they will address: animal welfare concerns during transportation; avail-
ability of quality transportation services for animals, or lack thereof;
overlaps or gaps in regulatory oversight; permitting issues; transporta-
tion of tissues/specimens; regulatory burden reduction; and potential
biosecurity concerns.

The Committee on Guidelines for the Humane Transportation of
Laboratory Animals, convened in April 2004, includes experts in veteri-
nary medicine, biosecurity, stress and its psychophysiological effects,
research animal logistics and regulatory issues, transportation modeling,
research animal welfare during transportation, and the development of
transportation guidelines. The committee met three times to deliberate
and develop its report. During two of the meetings, the committee held
workshops to solicit information from interested parties and the public.
In addition, people could provide comments to the committee through
the National Academies project website.

Transportation of research animals in the United States may be
divided into two major categories: animals transported from a commercial
breeder to a research facility, and animals transported between research
facilities. It has been reported (White, 2004) that the large commercial
rodent breeders transport in excess of 1.5 million containers of animals a
year within the United States. Of those shipments, 45% go to for-profit
customers and 55% to nonprofit customers. Most (about 92%) of the ship-
ments are made by ground transportation and the remainder by air. The
large commercial rodent breeders have established truck routes and either
use an in-house fleet of environmentally controlled vehicles or have a
standing relationship with shipping companies that specialize in research
animal transportation. It is estimated that 70% of containers arrive at their
destination in less than 24 hours, 16% in 24-48 hours, and 14% in more
than 48 hours (White, 2004).

Commercial breeders’ experience with transportation failures is rela-
tively small. The large commercial rodent breeders estimate that only
0.035% of containers experience a problem during transportation, defined
as a customer complaint or rejection of shipment: 0.03% of containers
shipped by ground transportation and 0.04% of containers shipped by air
transportation experience problems (White, 2004).

The importation and exportation of animals to this country are also of
interest to this committee. Data on importation and exportation are not
available for the majority of research animals, but the importation of non-
human primates is tracked through the CDC Division of Global Migra-
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tion and Quarantine because of the concern about zoonotic diseases (a
detailed discussion of the Division of Global Migration and Quarantine is
found in Chapter 2). The majority of nonhuman primates imported into
the United States over the last 4 years were cynomologus macaques.
Currently, about half the shipments of nonhuman primates into the
United States occur through Los Angeles; most of the rest go through San
Francisco and Chicago (CDC, 2005¢).

Many options are available for transportation of animals between
research facilities. A single company might handle the door-to-door
delivery of the animals. Most often, when a single company, known as a
carrier, is used, the company will pick up a shipment of animals, consoli-
date the shipment with other shipments, fly or truck the consolidated ship-
ment with its own fleet of vehicles along established shipping routes, and
deliver the shipment to its destination. Occasionally, researchers will use
a carrier to ship animals to another institution, unaware that, if the desti-
nation is not near an established shipping route or if there are not enough
shipments to consolidate, the carrier might subcontract the delivery to a
third-party carrier. It is also possible to have a specialty courier pick up,
transport, and deliver a shipment of animals in a dedicated vehicle.

Sometimes it is necessary to use two or more transport companies. In
that case, a company known as a freight forwarder or handler will pick up
a shipment, deliver it to a third-party carrier, which may consolidate ship-
ments and ship to an intermediary destination, and then pick up the
shipment from the third-party carrier and deliver it to its destination.

Little information is available on the transportation of research
animals between research institutions within the United States. Public
records on such transportation are not maintained. Because of the lack of
relevant data, the committee could not draw any conclusions about the
quality of this type of transportation. The committee chose to identify
some of the issues that an individual researcher should consider when
making arrangements for the transportation of animals between research
facilities (see Table 1-1). To further assist individuals, the committee also
identified characteristics of good shippers (please refer to Table 4-3 in
Chapter 4).

Many companies can coordinate or directly transport shipments of
research animals in environmentally controlled trucks (AAALAC Inter-
national, 2003). In addition, the US Department of Agriculture (USDA)
maintains a list of registered carriers (trucking or airline companies that
transport animals) and handlers (companies that pick up shipments and
deliver to a third-party carrier for transportation) on its website at:

http:/ /www.aphis.usda.gov/ac/publications.html
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TABLE 1-1 Checklist of Issues to Consider When Arranging
Transportation Between Research Facilities

Shipping Container

Shipping Company

Environmental Conditions

Training

Is the shipping container appropriate for the expected
conditions?

Does the container comply with USDA standards set for
warm-blooded vertebrates except rats, mice, and birds?
Does the container comply with International Air Transport
Association standards if transport includes air travel?

Will the same company be transporting the animals
during all legs of the journey, or will a third-party carrier
or subcontractor be used for some legs?

Are environmentally controlled vehicles used for all
segments of ground transportation?

If environmentally controlled vehicles will not be used, or
air travel is involved, does the shipping company have
contingency plans for maintenance of the animals if the
ambient temperature is below or exceeds acceptable
ranges?

Does the shipping company have standard operating
procedures for ensuring that animals are not exposed to
extreme environmental conditions during transfer between
vehicles and at the end destination?

Does the company provide specialized training for all
employees involved in transportation of animals?

If a third-party carrier or subcontractor is involved in the
transportation, are they also trained?
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Regulations and Guidelines for the
Transportation of Research Animals

national agencies responsible for the safe, humane, and expeditious

transportation of live research animals and biological materials
(tissues and specimens) derived from animals, to summarize and review
regulations governing their transportation, and to identify overlaps and
gaps among regulations and agency responsibilities insofar as they repre-
sent strengths and impediments (see Table 2-1). The first section of the
chapter focuses on national and the second on international transportation
regulatory agencies, their responsibilities and their regulations. Although
the committee has attempted to provide a comprehensive summary of
transportation regulations and requirements (see Table 2-6 at end of
chapter), the shipper is advised to check with the appropriate agencies
prior to shipment to ensure compliance with current regulations and
requirements.

I I 1 he purposes of this chapter are to identify national and inter-

NATIONAL REGULATIONS AND GUIDELINES

Several federal agencies in the United States regulate the transport of
research animals and their tissues specifically or of species that might be
used for research. The agencies are vested with authority under various
federal statutes. In this section, the regulations and guidelines to inform
readers unfamiliar with the web of regulations are discussed. All of the
regulations and guidelines are applicable to the transportation of research
animals, but only two laws identify standards for humane care during

11
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TABLE 2-1 Federal Statutes/Programs Relevant to the Transportation
of Vertebrate Research Animals and Products in the United States®

Agency | Agency Program or Federal Regulation OZ o
=] @
= o
g
5 2
I
= %
3
V)
&
=15 |25
AEEIE
2 12 1<
Tle |[T|a
% %
as] gs]
S o
=3 =3
USDA Animal Welfare Act X X [ X]| X
FWS CITES X e
Lacey Act X | X
Endangered Species Act X | X
CDC Division on Global Migration and Quarantine (DGMQ) X* X*
Etiologic Agent Import Permit Program (EAIPP)
DOT Infectious Substances Program
Radioactive/Poisonous Materials Program
FDA 42 CFR 70.2 and 21 CFR 1240.30

a

*

*%

Multiple columns may be applicable to a single shipment of animals or animal products.
Regulates importation only.

Regulates importation and interstate transportation only.

Regulates interstate transportation only.

Animals that are known to harbor a human pathogen fall under the purview of DGMQ.
Animals with human pathogens fall under the purview of EAIPP only when they are
experimentally infected.

Wild-domestic hybrids, such as leopard cats, may be considered wildlife under CITES.
EAIPP regulates the importation and interstate transportation of all bats, regardless of
disease status.
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Animal Products Containing
Radioactive/Poisonous Material
(Interstate, Import, Export)

Live Animals Containing
Radioactive /Poisonous Material
(Interstate, Import, Export)

Animal Products with
Zoonotic/Infectious Diseases
(Interstate, Import, Export)

XF*

Live Animals with
Zoonotic/Infectious Diseases
(Interstate, Import, Export)

X+

XFH A+

D G

Endangered/Threatened Wildlife
(or products thereof)
(Interstate, Import, Export)

Wildlife (or products of wildlife)
(Interstate, Import, Export)

All Other Warm-blooded Vertebrates
(Interstate, Import, Export)

et

Rats of genus Rattus,
Mice of genus Mus, and Birds
(Interstate, Import, Export)
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transportation: the Animal Welfare Act (AWA), which details specific
standards for animal care during transportation, and the Lacey Act, which
provides that wildlife be transported in accordance with the International
Air Transport Association (IATA) Live Animals Regulations (LARs).

DEPARTMENT OF AGRICULTURE

The AWA provides standards for the humane handling, care, treat-
ment, and transportation of animals (AWA, 7 USC 2131 et seq.). AWA
regulatory authority is vested in the Secretary of Agriculture and imple-
mented by the US Department of Agriculture (USDA) Animal and Plant
Health Inspection Service (APHIS). With the exception of rats of the genus
Rattus and mice of the genus Mus, bred specifically for research purposes,
as well as all birds, and livestock or poultry used for improving animal
nutrition, breeding, management, production efficiency, or food or fiber
quality, the AWA regulates the transportation of all warm-blooded animals
intended for use in research, teaching, or testing (9 CFR 1.1). That regula-
tion applies to transportation of AWA-covered species within the United
States, as well as their transportation on foreign air carriers traveling into,
within, or from the United States, its territories or possessions, or the
District of Columbia (Federal Register, Vol 69, No 66, pages 17899-17901).

With regard to the transportation of animals, the act contains stan-
dards for consignment (delivery of animals to an entity for transport),
primary transportation enclosure, primary conveyance, food and water-
ing requirements during transportation, terminal facilities, care in transit,
and handling. The AWA contains standards for different groups of similar
species, with separate rules for transporting dogs and cats, guinea pigs
and hamsters, rabbits, nonhuman primates, marine mammals, and all
other covered warm-blooded animals. The AWA standards are rather
extensive and pertain directly to animal welfare. They are summarized in
Appendix B for ease of use.

US FISH AND WILDLIFE SERVICE

The US Fish and Wildlife Service (FWS) regulates the importation,
exportation, and interstate trade of dead and live wild animals and their
tissues and products imported into or exported! from the United States

Twildlife (including parts and products) that are in transit through the United States from
one foreign country to another foreign country are exempt provided that the wildlife stays
in the United States only for the time needed to transfer the specimen to the mode of trans-
portation used to continue to the final destination and remain under control of Customs and
Border Protection. Wildlife that is listed as injurious (Part 16), endangered or threatened
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for any purpose (including research). Wildlife means any wild animal,
whether alive or dead, including any wild mammal, bird, reptile, amphibian,
fish, mollusk (clam, snail, squid, or octopus), crustacean (crab, lobster, or
crayfish), insect, sponges, corals, or other invertebrate, whether or not
bred, hatched, or born in captivity and including any part, product
(including manufactured products and processed food products), egg, or
offspring thereof.

The FWS authority to regulate wildlife stems from the Fish and Wild-
life Act of 1956 (16 USC §§ 742a-754j-2). All wildlife being imported into
or exported from the United States must be declared to FWS through
completion of Form 3-177 at the time of entry or exportation and is subject
to inspection. Wildlife being transported through the United States to a
final international destination does not require declaration to FWS, unless
it is listed as an injurious (50 CFR 16), endangered, or threatened species
(50 CFR 17 and 50 CFR 222-224); a marine mammal (50 CFR 18 and 50 CFR
216); a migratory bird (50 CFR 21); or a bald or golden eagle (50 CFR 22).

FWS requires that all wildlife be imported and exported through a
series of designated ports. As shown in Table 2-2, some port locations are
designated to allow the importation or exportation of any wildlife, and
others are restricted to allow only particular species of wildlife.

Endangered Species Act

The purpose of the Endangered Species Act (ESA) of 1973 (16 USC
§§ 1531-1544) is to conserve and recover species of fish, wildlife, and plants
that are listed as threatened or endangered in the United States or else-
where and to preserve the ecosystems upon which these species depend
(ESA Section 2(b)). Criminal and civil penalties are designated under the
ESA for violations. Nonhuman-primate species listed under the ESA are
detailed in Table 2-3. Other species that are currently listed as endangered
or threatened under the ESA can be found on line at:

http:/ /www fws.gov/endangered /wildlife.html#Species

FWS regulates species listed as endangered and threatened under the
ESA through a system of permits. The permits are required to use these
species for scientific purposes, to operate a captive-breeding program, and
to transport these species through importation, exportation, or interstate

species (Parts 17 and 222-224), marine mammal (Parts 18, 216), migratory bird (Part 21), or a
bald or golden eagle (Part 22) and is moving through the United States is considered an
import and cannot be treated as in transit.
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TABLE 2-2 Designated Port for Importation or Exportation of Wildlife

or Derivatives

Ports Designated for
Endangered or
Threatened Species

Ports Designated for
Wildlife Originating in
Canada or the

United States

Ports Designated for
Wildlife Originating in
Mexico

Anchorage, AK
Atlanta, GA
Baltimore, MD
Boston, MA
Chicago, IL
Dallas-Fort Worth, TX
Houston, TX
Honolulu, HI

Los Angeles, CA
Louisville, KY
Memphis, TN
Miami, FL.
Newark, NJ

New Orleans, LA
New York, NY
Portland, OR

San Francisco, CA
Seattle, WA

Alcan, AK

Blaine, WA

Buffalo, NY

Calais, ME
Champlain, NY
Cleveland, OH

Derby Line, VT
Detroit, MI

Dunseith, ND
Eastport, ID

Grand Portage, MN
Highgate Springs, VT
Houlton, ME
International Falls, MN
Jackman, ME
Minneapolis-St. Paul, MN
Pembina, ND

Portal, ND

Port Huron, MI
Raymond, MT

Sault Sainte Marie, MI
Sumas, WA
Sweetgrass, MT

Brownsville, TX
Calexico, CA

El Paso, TX
Laredo, TX
Lukeville, AZ
Nogales, AZ
San Diego, CA

Ports Designated for
Import/Export of
Wildlife from Alaska

Alcan, AK
Fairbanks, AK
Juneau, AK

trade. The various permit application forms are too numerous to describe
here, but are listed in detail at the FWS Permit Website:

http:/ /www fws.gov/permit

The ESA also establishes FWS as the entity responsible for adminis-
tering the Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES) (50 CFR 23). FWS also administers CITES
through a permit system, which is discussed in detail in the next section.
It is important to recognize that in some instances, a single FWS applica-
tion is used to obtain both an ESA and CITES permits, though not all
species listed under ESA are CITES-listed species and vice versa. Applica-
tions generally require 60-90 days for processing.
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TABLE 2-3 Endangered Species Act Listed Species of Nonhuman

Primates

Endangered

Allocebus spp. (hairy-eared dwarf lemurs)

Alouatta palliate (mantled howler monkey)

Ateles geoffroyi frontatus (Central American
spider monkey)

Ateles geoffroyl panamensis (Central
American spider monkey)

Avahi spp. (Avahi, woolly lemurs)

Brachyteles arachnoids (woolly spider monkey)

Bradypus torquatus (Brazilian three-toed
sloth)

Cacajao spp. (uakaris)

Callimico goeldii (Goeldi’s marmoset)

Callithrix aurita (buffy tufted-ear, white-
eared marmoset)

Callithrix flaviceps (buff-headed marmoset)

Cercocebus galeritus galeritus (Tana River
mangabey)

Cercocebus torquatus (white-collared
mangabey)

Cercopithecus Diana (Diana monkey)

Cercopithecus erythrogaster (red-bellied
monkey)

Cercopithecus erythrotis (red-eared nose-
spotted monkey)

Cercopithecus lhoesti (L’hoest’s monkey)

Cheirogaleus spp. (dwarf lemurs)

Chiropotes albinasus (white-nosed saki)

Chiropotes satanas satanas (southern bearded
saki)

Colobus satanas (black colobus monkey)

Daubentonia madagascariensis (Aye-aye)

Gorilla gorilla (gorilla)

Hapalemur spp. (bamboo lemurs and gentle
lemurs)

Hylobates spp. (including Nomascus)
(gibbons)

Indri spp. (indri)

Lagothrix flavicauda (yellow-tailed woolly
monkey)

Lemur spp. (ring-tailed lemurs)

Leontopithecus spp. (golden-rumped tamarin)

Lepilemur spp. (sportive lemurs)

Macaca silenus (lion-tailed macaque)

Mandrillus leucophaeus (drill)

Mandrillus sphinx (mandrill)

Microcebus spp. (mouse lemurs)

Monkey, black howler

Nasalis concolor (Pagi Island langur)

Nasalis larvatus (proboscis monkey)

Pan paniscus (pygmy chimpanzee—wild)

Pan troglodytes (wild chimpanzee)

Phaner spp. (fork-marked lemurs)

Planigale ingrami subtilissima (little planigale)

Pongo pygmaeus (orangutan)

Procolobus pennantii kirki (Zanzibar red
colobus monkey)

Procolobus preussi (Preuss’ red colobus
monkey)

Procolobus rufomitratus (Tana River red
colobus monkey)

Propithecus spp. (sifakas)

Pygathrix nemaeus (douc langur)

Rhinopithecus avunculus (Tonkin snub-nosed
monkey)

Rhinopithecus bieti (Yunnan snub-nosed
monkey)

Rhinopithecus brelichi (guizhou snub-nosed
monkey)

Rhinopithecus roxellana (Sichuan snub-nosed
monkey)

Saguinus bicolor (pied tamarin)

Saguinus oedipus (cotton-top marmoset)

Saimiri oerstedii (red-backed squirrel monkey)

Semmopithecus entellus (gray, Hanuman
langur)

Tamarin, white-footed

Trachypithecus francoisi (Francois” langur)

Trachypithecus geei (golden langur)

Trachypithecus pileata (capped langurs)

Varecia spp. (ruffed lemur, variegated
lemurs)

Threatened

Alouatta pigra (black howler monkey)
Macaca arctoides (stump-tailed macaque)
Macaca cyclopis (Formosan rock macaque)
Macaca fuscata (Japanese macaque)
Macaca sinica (Toque macaque)
Nycticebus pygmaeus (lesser slow lorise)
Pan troglodytes (chimpanzees—captive)
Presbytis potenziani (long-tailed langur)
Presbytis senex (purple-faced langur)
Saguinus leucopus (white footed tamarin)
Tarsius syrichta (Philippine tarsier)
Theropithecus gelada (gelada baboon)
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Lacey Act

The FWS is also vested with federal regulatory authority from the
Lacey Act of 1900 (18 USC 42). The Lacey Act is the oldest federal wildlife
protection law in the United States and prohibits inhumane and unhealthful
transportation conditions for any animal defined as “wildlife” (see above
for definition). The regulations for transportation under the act (found in
50 CFR 14.101-14.172, which are specific for mammals and birds) are
similar to the IATA-LARs. The Lacey Act also applies the guidelines pro-
vided in the LARs to nonairline methods of transportation (Kreger and
Farris, 2003).

CENTERS FOR DISEASE CONTROL AND PREVENTION

The Centers for Disease Control and Prevention (CDC) is a compo-
nent of the US Department of Health and Human Services and enforces
regulations to prevent the introduction, transmission, or spread of com-
municable diseases in the United States. CDC regulates the importation of
any animal or animal product capable of carrying a zoonotic disease. CDC
regulates importation through permitting, registration, and quarantine; it
does not regulate the welfare or care of the animals.

Importation of Live Animals

CDC regulates the importation of dogs, cats, turtles, nonhuman pri-
mates, and other animals. Dogs and cats are subject to inspection by CDC
at the port of entry. Dogs must be accompanied by proof of vaccination
against rabies at least 30 days before entry into the United States unless
they were in areas considered rabies-free for at least 6 months before
importation. Importation of dogs or cats into the United States does not
require a permit or other paperwork from CDC. Dogs too young to be
vaccinated or without a current rabies vaccination may be admitted
into the United States if the owner signs a confinement agreement
(Form 75.37), which can be accessed from the following website:

http:/ /www.cdc.gov/ncidod /dq/animal.htm

To prevent infection of members of the public with Salmonella and
Arizona bacteria, shipments containing more than six turtles with a
carapace length of less than 4 in. or viable turtle eggs generally cannot be
imported into the United States (42 CFR 71.52). However, shipments con-
taining more than six turtles with a carapace length of less than 4 in. or
viable turtle eggs or any combination of turtles and turtle eggs may be
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imported into the United States for bona fide scientific, educational pur-
poses, or for exhibition when accompanied by a permit issued by CDC,
Division of Global Migration and Quarantine (DGMQ) (42 CFR 71.52(c)(2)).

CDC may also implement prohibitions on the importation of animals
when new health risks to humans arise. As of June 2003, CDC had prohib-
ited the importation of all African rodents into the United States because
of concerns about monkeypox (42 CFR Part 71.56). In January 2004, CDC
prohibited the importation of civets because of concerns about severe
acute respiratory syndrome (CDC, 2004). However, importation of those
animals for scientific, exhibition, or educational purposes is allowed with
written permission from CDC (42 CFR 71.56; CDC, 2004). Since February
2004, CDC has prohibited the importation of Asian birds from selected
countries due to highly pathogenic avian influenza A (H5N1). For more
information about obtaining a permit or permission to import turtles,
African rodents, or other prohibited animals, contact the CDC DGMQ at
404-498-1670 or online at:

http:/ /www.cdc.gov/ncidod /dq/nonhuman.htm

Monkeys and other nonhuman primates cannot be imported as pets,
but importation for scientific research, exhibition, or education is per-
mitted. Under the Federal Quarantine Regulations (42 CFR 71.53), people
importing nonhuman primates for research purposes must register with
the CDC DGMQ and must

e Certify that imported nonhuman primates will be used only for bona
fide science, education, or exhibition;

¢ Implement disease control measures to minimize human exposure to
the animals during transportation, isolation, and quarantine;

¢ Isolate each shipment of nonhuman primates for 31 days, monitor the
animals for illness, test for tuberculosis, maintain records regarding
illness and death, and test for filovirus infection in shipments where
illness or death occurs during the quarantine period;

® Report suspected zoonotic illness to CDC; and,

* Maintain records regarding the distribution of each shipment (NRC,
2003a).

Before registration and periodically thereafter, the CDC DGMQ
inspects importer facilities and reviews their operations, including assess-
ing transportation and disease-control measures and reviewing animal
health records. For each shipment of nonhuman primates into the United
States, CDC must review proposed plans for each shipment and monitor the
handling of arriving shipments at the port of entry and at the quarantine
facility (NRC, 2003a). To receive information on the importation of non-
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human primates and to register as an importer of nonhuman primates, con-
tact the CDC DGMQ, whose phone number and website are provided above.

Importation and Transportation of Etiologic Agents

The CDC Etiologic Agent Import Permit Program regulates the impor-
tation and subsequent transfer within the United States of live bats, as
well as animals, insects, or animal tissues that contain etiologic agents.
Etiologic agents are defined by CDC as a viable microorganism or its toxin
which causes, or may cause, human disease; however, CDC does not spe-
cifically identify the microorganisms, viruses, or prions that it considers
etiologic agents.

Contact information and permit applications for importation of
etiologic agents or live bats (Office of Management and Budget form 0920-
0199) are available at:

http:/ /www.cdc.gov/od/ohs/biosfty /imprtper.htm

US DEPARTMENT OF TRANSPORTATION

The US Department of Transportation (DOT), Pipeline and Hazard-
ous Materials Safety Administration (PHMSA), Office of Hazardous
Materials establishes regulations to govern the transportation of hazardous
materials in interstate, intrastate, and foreign commerce under the Hazard-
ous Materials Regulations (HMR; 49 CFR 171-180). Hazardous materials
include materials that are poisonous, radioactive, and infectious—all of
which may be contained in animals or animal products that may be trans-
ported in the course of biomedical research. An infectious substance is
defined by DOT as a material known to contain or suspected of contain-
ing a pathogen, including a virus, microorganism, or prion that has the
potential to cause disease in humans or animals. Live animals that contain
an infectious substance are required to be transported under terms and
conditions approved by PHMSA’s Associate Administrator for Hazard-
ous Materials Safety.

The HMR cover five areas of shipper responsibility:

¢ Determining the hazard class(es) of the material offered for trans-
portation;

e Communicating the hazard(s) using shipping papers, labels,
markings, placards, and emergency-response information, as required;

* Packaging requirements;

® Operational rules, including for transportation by air; and,

¢ Training and security.
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The majority of these tasks are performed by the shipper. The carrier
must also ensure that the materials received comply with and are trans-
ported in accordance with the HMR. The HMR also require people or
institutions that are shipping certain types or amounts of hazardous
materials, such as materials extremely toxic by inhalation, to register
annually with DOT (49 CFR 107.601).

There are many exceptions, as some materials and situations that are
common in biomedical research are not subject to the requirements of the
HMR. The exceptions are too numerous to describe here, but persons
interested in shipping hazardous materials, including infectious, poison-
ous, or radioactive animal products or live infectious animals, should con-
tact PHMSA’s Hazardous Materials Information Center to determine
whether shipment would be subject to the requirements of the HMR or
visit their website online at:

http:/ /hazmat.dot.gov/

PUBLIC HEALTH SERVICE

Institutions that are funded by Public Health Service (PHS) funds are
subject to the PHS Policy on the Humane Care and Use of Laboratory
Animals (commonly referred to as the PHS Policy). Under the Health
Research Extension Act of 1985, the PHS Policy mandates adherence to
the guidelines in the Guide for the Care and Use of Laboratory Animals (the
Guide) (NRC, 1996). The Guide provides performance standards on the
transportation of research animals. It states that all transportation of ani-
mals should be planned to minimize transit time and the risk of zoonoses,
protect against environmental extremes, avoid overcrowding, provide
food and water when indicated, and protect against physical trauma.

The PHS Policy does not provide for regular inspections. Rather,
institutions are expected to police themselves in order to ensure compli-
ance with the principles of the PHS Policy and the Guide. The National
Institutes of Health Office of Laboratory Animal Welfare will conduct
investigations when it receives complaints.

FOOD AND DRUG ADMINISTRATION

Under 42 CFR 70.2 and 21 CFR 1240.30, authority is given to the com-
missioner of the Food and Drug Administration (FDA) to take actions
believed “reasonably necessary to prevent” the spread of communicable
disease when state and local actions are inadequate. By that authority,
FDA prohibits the intrastate and interstate transportation—for the pur-
poses of commerce, sale, or any other type of commercial or public distri-
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bution—of psittacine birds, molluscan shellfish, turtles, and African
rodents or other animals that may carry the monkeypox virus (refer to
21 CFR 1240.65, 21 CFR 1240.60, 21 CFR 1240.62, 21 CFR 1240.63, respec-
tively). Essentially, CDC prohibits the importation of the animals, and
FDA prohibits their domestic interstate and intrastate movement, with
special procedures for exceptional circumstances.

Exceptions to the prohibitions are possible only by obtaining written
permission from the FDA. A written request must be sent to the Listed
Animal Permit Official at the FDA Center for Veterinary Medicine. The
request must include the reasons why an exemption is needed and a
description of the animals involved, how the animals will be transported,
holding facilities, quarantine procedures, and veterinarian evaluation of
the transportation. For more information, visit the following website:

http:/ /www .fda.gov/cvm/

STATE HEALTH AND AGRICULTURAL REGULATIONS

All states have regulations that control the movement of animals into
them, although not all of these regulations pertain to research animals.
For example, the California Department of Health Services requires a per-
mit to transport nonhuman primates into the state. Links to the regula-
tions have been organized by the USDA APHIS Veterinary Services at:

http:/ /www.aphis.usda.gov/vs/sregs/
State regulations that pertain specifically to wildlife are found at:
http:/ /offices.fws.gov/statelinks.html

The committee recommends that people arranging transportation of
research animals consult those websites, particularly when arranging for
transportation of animals between research institutions.

INTERNATIONAL REGULATIONS FOR TRANSPORTING
RESEARCH ANIMALS

Regulations pertaining to the international transportation of live
animals, tissues, and specimens are intended to ensure the comfort of ani-
mals and the safety of animals and their handlers, and to minimize the
biosecurity risks associated with the handling of live animals and of the
colonies into which live animals are introduced. The international regula-
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tory system is a patchwork of agreements and agencies that govern the
following:

Pest control and biosecurity;

Research animals;

Agriculture;

Conservation of endangered species; and,

Animals used in exhibits or events (shows or sports).

Because several agencies share responsibility for enforcing inter-
national transportation statutes and most countries have importation
requirements, the regulatory climate is often complicated. The following
is a discussion of the international treaties, agencies, or laws that provide
regulation or guidance on the transportation of research animals. With
the exception of CITES, enforced in 169 countries, each country has its
own system of laws and guidance that may or may not draw on the
treaties and laws discussed here. The Air Cargo Tariff book, published by
the International Air Transport Association, is a source of information on
international documentation and import requirements, though one should
be aware that the information can change rapidly and requirements may
be specific to a province or region. The committee suggests that the
person(s) or institution(s) importing animals into the United States or
exporting animals from the United States contact the consulate or website
of the foreign country to determine which treaties the country enforces
and the specific requirements for complying with local laws. In some
cases, negotiations are necessary to address incompatibilities between US
export and foreign import requirements. An export broker may be useful
in assisting a shipper in fulfilling foreign importation requirements.

CITES

CITES, also called the Washington Convention, establishes a permit
system for regulating the trade of plants and animals threatened by
extinction and those that may be threatened by extinction if trade of that
species is not controlled. In this context, trade refers to movement of a
specimen across international borders for any purpose and includes com-
mercial and noncommercial trade. It includes the importation, exporta-
tion, or re-exportation (exportation of a specimen that was imported) of
live and dead plants and animals or parts or derivatives of them. At the
time of publication, some 169 nations are parties to CITES. In the United
States, the ESA of 1973 implements the international CITES treaty (50 CFR
23). FWS administers both the ESA and the CITES treaty and therefore is
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the authority responsible for issuing importation and exportation permits
in the United States.

Under CITES, animals covered by the treaty are listed in three
appendixes:

* Appendix I lists species threatened with extinction. Trade in
specimens of those species is permitted only in exceptional circumstances;
commercial trade is prohibited.

¢ Appendix II lists species not necessarily threatened with extinc-
tion but in which trade must be controlled to avoid use incompatible with
their survival.

¢ Appendix Il lists species that are protected in at least one country
that the animal is native to and that has asked other CITES parties for
assistance in controlling the trade.

A database listing all of the CITES-listed species has been established.
It can be accessed online at:

http:/ /www .cites.org/eng/resources/species.html

The permitting requirements pertaining to the transportation of
Appendix [, II, and Il specimens are summarized in Table 2-4. In addition
to requiring specific permits, CITES, under Resolution 10.21, endorses the
IATA LARs for air and surface transportation. CITES-listed species can be
imported or exported only through the following designated ports in the
United States:

Anchorage, AK Louisville, KY
Atlanta, GA Memphis, TN
Baltimore, MD Miami, FL
Boston, MA Newark, NJ
Chicago, IL New Orleans, LA
Dallas-Fort Worth, TX New York, NY
Honolulu, HI Portland, OR
Houston, TX San Francisco, CA
Los Angeles, CA Seattle, WA

Nonhuman primates are the group of CITES species most commonly
used in biomedical research in the United States. As shown in Table 2-5,
wild-caught species of nonhuman primates are in both Appendix I and
Appendix II. However, animals in Appendix I that are bred in captivity
for commercial purposes at a facility registered with the CITES secretariat
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TABLE 2-4 Permitting Requirements Under CITES

Appendix I Appendix II Appendix II1

Importation and exportation  Exportation permit Exportation permit required

permits required required if exporting only if exporting from the
from any country nation that listed the species

Permits are limited to in Appendix III

specimens that will be used
in scientific research,
education, or conservation

are considered Appendix II specimens for the purposes of permitting
(CITES Article VIIL.4). Furthermore, where a management authority of the
state of export is satisfied that an animal was bred in captivity, a certifi-
cate by that management authority stating that the animal was bred in
captivity may be accepted in lieu of any other required permits or certifi-
cates (CITES Article VIL5). This exemption also pertains to tissues derived
from a captive-bred animal. However, the term ‘bred in captivity” only
applies when the animals in question are of a second or subsequent gen-
eration bred in captivity and there has been no introduction of specimens
from the wild into the breeding population except to prevent or alleviate
deleterious inbreeding (CITES Resolution Conf. 10.16-revised). As noted
in Chapter 1, nonhuman primates are regularly imported into the United
States for research purposes. Practically speaking, this means that, with
rare exception, nonhuman primates bred for research in the United States
cannot attain the designation of ‘bred in captivity.’

INTERNATIONAL CIVIL AVIATION ORGANIZATION

The International Civil Aviation Organization (ICAO), an agency of
the United Nations, publishes Technical Instructions for the Safe Transport of
Dangerous Goods by Air biannually (currently the 2005-2006 edition). The
Technical Instructions expand on the broad provisions governing the inter-
national transportation of dangerous goods by aircraft, which are in
Annex 18 to the Convention on International Civil Aviation and are based
on the United Nations recommendations for the Transport of Dangerous
Goods. The Technical Instructions contain the detailed regulations neces-
sary for the safe transportation of dangerous goods by aircraft and are for
use by all parties involved in the transportation chain, such as shippers,
carriers, and country authorities. They are recognized by the US DOT as
an alternative to complying with the HMR.
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TABLE 2-5 CITES Listed Species of Nonhuman Primates

Appendix I

Appendix II

Alouatta coibensis (Coiba Island howler monkey)
Alouatta palliate (mantled howler monkey)
Alouatta pigra (Mexican black howler monkey)

Ateles geoffroyi frontatus (black-foreheaded spider monkey)
Ateles geoffroyi panamensis (Panamanian red spider monkey)
Brachyteles arachnoids (woolly spider monkey, southern muriqui)

Cacajao spp. (uakaris)

Callimico goeldii (Goeldi’s marmoset)

Callithrix aurita (buffy tufted-ear marmoset)
Callithrix flaviceps (buffy-headed marmoset)
Cercocebus galeritus galeritus (tana crested mangabey)
Cercopithecus Diana (Diana monkey)

Cheirogaleida spp. (dwarf, lemurs)

Chiropotes albinasus (white-nosed bearded saki)
Daubentonia madagascariensis (aye-aye)

Gorilla gorilla (gorilla)

Hylobatidae spp. (gibbons)

Indridae spp. (indrises, woolly lemurs, avahs, sifakas)
Lagothrix flavicauda (yellow-tailed woolly monkey)
Lemuridae spp. (large lemurs)

Leontopithecus spp. (lion tamarins)

Macaca silenus (lion-tailed macaque)

Mandrillus leucophaeus (drill)

Mandrillus sphinx (mandrill)

Nasalis concolor (pig-tailed langur)

Nasalis larvatus (proboscis monkey)

Pan spp. (chipanzees)

Pongo pygmaeus (orangutan)

Presbytis potenziani (Mentawai Island leaf-monkey)
Procolobus pennantii kirkii (Kirk’s red colobus)
Procolobus rufomitratus (tana river red colobus)
Pygathrix spp. (snub-nosed monkeys, douc langurs)
Saguinus bicolor (Brazilian bare-faced tamarin)
Saguinus geoffroyi (Geoffroy’s tamarin)

Saguinus leucopus (white-footed tamarin)

Saguinus oedipus (cotton-top tamarin)

Saimiri oerstedii (Central American squirrel monkey)
Semnopithecus entellus (hanuman langur)
Trachypithecus geei (golden langur)

Trachypithecus pileatus (capped langur)

All primate species
not listed in
Appendix I
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INTERNATIONAL AIR TRANSPORT ASSOCIATION

The mission of the IATA is to “represent, lead, and serve the airline
industry.” IATA is also a collective link between third parties and the
airline industry. Working standards for the aviation industry are devel-
oped within IATA to foster safe and efficient air transportation and to
serve the stated policies of most of the world’s governments.

Live Animals Regulations

The LARs are applicable to air transportation companies that are
members of IATA. Persons or organizations that ship live animals by
IATA-member airlines, whether as cargo or as baggage, must comply with
the LARs in their entirety.

The IATA LARs, updated yearly, were adopted by CITES and the
World Animal Health Organization (described below) as the guidelines
for transportation of animals by air. Those regulations have been used by
the Council of Europe as a basis for its code of conduct for the international
transportation of farm animals. The European Union has adopted the
LARs as the minimal standards for transporting animals in containers,
pens, and stalls. The regulations are intended to prevent harm to these
receptacles and to handling personnel when animals are being trans-
ported. Furthermore, they act to meet flight safety requirements for the
benefit of the traveling public, the crew, and the airplane. The LARs
consist of government regulations and specific variations filed by such
agencies as USDA and FWS. For example, US variations USG-01 through
USG-20 belong to USDA and contain more restrictive guidance than is
required by the AWA. Similarly, USG-21 through USG-40 is issued by
FWS. For more information about the IATA LARs, go online at:

http:/ /www .iata.org/ps/publications/9105.htm

Dangerous Goods Regulations

The IATA Dangerous Goods Regulations (DGRs) are similar to the
ICAO Technical Instructions for the Safe Transport of Dangerous Goods
by Air. However, the DGRs include additional requirements that are more
restrictive than the Technical Instructions, to reflect industry standard
practices or operational considerations.

Dangerous goods are defined as goods that meet the classification
criteria of one or more of nine United Nations hazard classes. These
hazard classes are identical to those used by the US DOT’s Office of
Hazardous Materials Standards, Pipeline and Hazardous Materials Safety
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Administration, and include toxic, infectious, and radioactive animal tis-
sues, and live infectious animals. The DGRs do not have official standing
under the US DOT’s HMR.

For more information on the IATA DGRs, go online at:

http:/ /www .iata.org/whatwedo/dangerous_goods1

WORLD ANIMAL HEALTH ORGANIZATION

The primary functions of the World Animal Health Organization, also
known as the Office International des Epizooties (OIE), are preventing
and raising awareness of zoonoses worldwide. OIE was created in Janu-
ary 1995 as part of the World Trade Organization (WTO) Agreement on
the Application of Sanitary and Phytosanitary Measures (SPS Agreement),
which aims to harmonize animal health standards and thus reduce their
dampening effect on international trade. The main goals of the OIE are:

¢ To ensure transparency in the global animal disease and zoonosis
situation;

* Tocollect, analyze, and disseminate scientific veterinary information;

e To provide expertise and encourage international solidarity in the
control of animal diseases;

e Within its mandate under the WTO SPS Agreement, to safeguard
world trade by publishing health standards for international trade in
animals and animal products;

e Toimprove the legal framework and resources of national veteri-
nary services; and

e To provide a better guarantee of the safety of food of animal origin
and to promote animal welfare through a science-based approach.

Among other tasks, the SPS Agreement charges OIE with developing
international standards, guidelines, and recommendations for protecting
animal health and preventing zoonoses. To that end, OIE has developed
the Terrestrial Animal Health Code and the Aquatic Animal Health Code,
which provide OIE member countries with standards, guidelines, and
detailed recommendations for establishing their own regulations regarding
the importation of animals, animal genetic material, and animal products.

OIE is also responsible for improving systems by which information
on animal health is gathered and analyzed on a global basis. OIE manages
the world animal health information system, which uses data submitted
by member countries to help identify the diseases, including zoonoses,
that present the most serious threats to animal and human health world-
wide. During the recent outbreak of avian influenza in Asia, OIE played a
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crucial role in alerting countries of the outbreak and recommending
courses of action. As a result of OIE’s activities, many countries tempo-
rarily halted importation from the affected areas.

Several years after OIE’s founding, its member countries decided to
give animal welfare high priority and to include it in their 2001-2005 stra-
tegic plan. Although OIE had not been specifically mandated by the WTO
SPS to protect animal welfare, the OIE’s status as the international author-
ity on animal health and zoonoses and the member countries” strong need
for guidelines to assist them in conducting bilateral negotiations led the
member countries to the conclusion that OIE should provide international
leadership in protecting the welfare of imported animals.

Member countries recognized that from a public-policy perspective,
the protection of animals involved many scientific, ethical, economic, and
political considerations. Therefore, they endeavored to develop a detailed
vision and strategy that would incorporate and balance those consider-
ations. Ultimately, the OIE International Committee decided that OIE
would give high priority to animals used in agriculture and aquaculture
and would address the issues of transportation, humane slaughter, and
killing for disease-control purposes first, followed by housing and man-
agement. OIE would address other issues, such as research animals and
wildlife, as resources permitted.

Member countries delegate responsibility for OIE reporting and
participation to the directors of their veterinary services. For the
United States, the USDA APHIS Associate Deputy Administrator for
International Services assumes that role.

THE EUROPEAN UNION

The European Union (EU) laws regulating the transportation of
research animals are enforced by the Health and Consumer Protection
Directorate General. Research animal transportation is addressed through
legislative and nonlegislative actions in three interrelated policy areas:

¢ Consumer policy (Treaty Articles 95 and 153);

e Public health (Treaty Articles 95, 152, and 300); and

e Food safety, animal health, animal welfare, and plant health
(Treaty Articles 37, 95, and 152).

The first EU legislation on the protection of animals during transpor-
tation, Council Directive 77/489/EC, resulted from the 1968 Convention
of the Council of Europe. It has since been replaced by the more detailed
Council Directive 91/628/EC as amended by Directive 95/29/EC, which
introduced important changes such as the approval of transporters, the

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11557.html

ation of Research Animals

30  GUIDELINES FOR THE HUMANE TRANSPORTATION OF RESEARCH ANIMALS

route plan, and loading densities and traveling-time limits. EU legislation
on the transportation of live animals applies to all animals transported for
commercial purposes. The present framework of general provisions has
been introduced by Council Directive 91/628/EEC, which in Chapter I,
Part E, provides that:

® Animals shall be transported in containers, pens, or stalls appro-
priate for the species, complying, at least, with the most recent IATA live-
animal regulations.

® Precautions shall be taken to avoid extremely high or low tem-
peratures on board, having regard for the species of animals. In addition,
severe fluctuations of air pressure shall be avoided.

* In freight aircraft, a type of instrument approved by the compe-
tent authority shall be carried for slaughtering animals if necessary.

Council Directive 86/609/EEC was issued on the protection of ani-
mals used for experimental and other scientific purposes on November 24,
1986. It sets minimal standards for housing and care and for the training
of personnel handling animals and supervising the experiments, but it
does not provide specific standards on transportation of animals. Council
Regulation 1/2005 was passed in January 2005 and will introduce new
rules that will apply directly to each member state effect 2007. These rules
introduce changes to improve animal welfare and enforcement, but do
not change the maximum journey times that apply through the current
Directive.
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TABLE 2-6 Checklist of Research Animal Regulations and Guidelines
Yes No

Is the species to be transported a Comply with AWA regulations. No action
live, warm-blooded animal other =~ Subject to inspection by USDA. required
than a bird or an animal of the
genus Rattus or Mus?

Is the species (or its tissues or Obtain FWS permits, consult: No action
products) to be imported or http:/ /www.fws.gov/permits/ required
exported considered wildlife applicationmain.shtml
(including all CITES-listed species ~Comply with CDC Foreign
and nonhuman primates)? Quarantine Regulations.

Comply with IATA LARs.
Subject to inspection by FWS.
Is the species (or its tissues or Obtain FWS permits, consult: No action
products) to be transported http:/ /www.fws.gov/permits/ required
(exported, imported, or interstate applicationmain.shtml
trade) listed as threatened or Subject to inspection by FWS.
endangered by FWS? Comply with IATA LARs.
Consult:
http:/ /www .fws.gov/
endangered.
Is an animal or its products Obtain importation and exportation No action
wild-caught, listed under CITES permits from the appropriate required
as an Appendix I species, and countries.
being transported internationally? ~Obtain FWS permits, consult:
Consult: http:/ /www.fws.gov/permits/
http:/ /www cites.org/eng/ applicationmain.shtml
resources/species.html. Subject to inspection by FWS.
Is an animal or its products to be Obtain export permit from country No action
transported internationally and of export. required
e listed under CITES as an Obtain FWS permits, consult:
Appendix II species http:/ /www.fws.gov/permits/
OR applicationmain.shtml

® a captive-born animal and Subject to inspection by FWS.
listed under CITES as an
Appendix I species?

Consult:
http:/ /www cites.org/eng/
resources/species.html.

Is the species to be imported a Dogs require proof of rabies No action
dog or cat? vaccination. required

Subject to inspection by CDC.
continued
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TABLE 2-6 Continued

Yes No

Is the species to be imported a Obtain permit, written permission, No action
nonhuman primate, African or registration from CDC required
rodent, civet, turtle of carapace Division of Global Migration
length of less than 4 in., or other and Quarantine.
species prohibited by CDC? Subject to inspection by CDC.

Consult http://www.cdc.gov/
ncidod/dq/animal.htm.

Is the species to be imported a Submit OMB Form 0920-0199 to No action
live bat or animal, insect, or CDC’s Etiologic Agent Import required
animal tissue that contains an Permit Program.
etiologic agent?

Does the animal or animal product Contact DOT’s Hazardous No action
to be transported contain Materials Information Center required
poisonous, radioactive, or for further requirements.
infectious material? If shipped by air, comply with IATA

DGRs.

Are the species to be transported Comply with PHS Policy and Guide No action
live, vertebrate animals that were for the Care and Use of Laboratory required
purchased with PHS funds? Animals.

Is the animal to be transported Submit written request for No action
within the United States a permission from Listed Animal required
nonhuman primate, African Permit Official at FDA’s Center
rodent, civet, turtle of carapace for Veterinary Medicine.
length of less than 4 in., or other
species prohibited by FDA?

Consult http:/ /www.fda.gov/cvm/

Is the animal being imported into Comply with regulations from No action
the United States or traveling destination state available at: required
between states? http:/ /www.aphis.usda.gov/

vs/sregs
Comply with CDC Foreign
Quarantine Regulations.
Wildlife-specific state regulations
are available at: http://
offices.fws.gov /statelinks.html

Is the animal being transported Comply with IATA LARs No action

by air? (all species) required

Comply with 50 CFR 14 subpart ]
(AWA-covered species only)
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Good Practices in the
Transportation of Research Animals

ing, and for breeding-colony establishment and maintenance.

Stress during transportation is unavoidable and can affect the
quality of ensuing research activities. However, when science-based good
practices in animal handling and transport are identified and imple-
mented, the transportation experience can be made less stressful.

There are a few publications and articles that discuss common practices
for the transportation of research animals, including the AATA Manual for
the Transportation of Live Animals (AATA, 2000), the IATA Live Animals
Regulations (IATA, 2005), and a Report of the Transport Working Group
Established by the Laboratory Animal Science Association (Swallow et al.,
2005). In addition, an extensive collection of scientific literature relating to
the effects of transportation on agricultural animals has been produced,
in part because the livestock industry often requires that animals be
shipped to new locations during the production cycle, which involves
social and economic pressures for the animals to arrive in optimal condi-
tion. Much of this literature is summarized in the Guide for the Care and
Use of Agricultural Animals in Agricultural Research and Teaching (FASS,
1999).

Unfortunately, there is sparse scientific literature on the effects of
transportation on most common research animals, but good practices for
all research animals can be established by drawing some universal con-
cepts from the available scientific literature and by understanding species-
specific needs. Although precise engineering standards are often preferred

ﬁ nimals are transported to facilitate research, teaching, and train-
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by human assessors, the scientific literature supports few engineering
standards. This report emphasizes science-based performance standards,
which define an outcome (such as animal well-being or safety) and pro-
vide criteria for assessing that outcome without limiting the methods by
which to achieve that outcome (NRC, 1996). The use of performance
standards allows researchers and shippers the flexibility to adjust their
procedures to optimize animal welfare on the basis of the species being
transported, the mode of transportation, and local environmental conditions.

STRESS DURING TRANSPORTATION

Although the word stress generally has adverse connotations, stress is
a familiar aspect of life—a stimulant for some, a burden for others.
Numerous definitions have been proposed for stress. Each definition
focuses on aspects of an internal or external challenge, disturbance, or
stimulus; on perception of a stimulus by an organism; or on a physiological
response of the organism to the stimulus (Goldstein, 1995; Sapolsky, 1998;
Selye, 1975). An integrated definition states that stress is a constellation of
events including a stimulus (stressor), a reaction in the brain precipitated
by the stimulus (stress perception), and an activation of the body’s physi-
ological fight or flight systems (stress response) (Dhabhar and McEwen,
1997). Transportation stressors can be physical (changes in temperature,
humidity, or noise), physiological (limitation of access to food and water),
and psychological (exposure to novel individuals or environments).

It is important to recognize that stress does not always have adverse
consequences (Dhabhar and McEwen, 2001; Pekow, 2005), and it is often
overlooked that a stress response has healthful and adaptive effects
(Dhabhar and McEwen, 1996, McEwen, 2002).

Stress can be harmful when it is long-lasting and animals are unable
to adapt successfully to it (Dhabhar and McEwen, 1997; Irwin, 1994;
Kiecolt-Glaser et al., 2002; McEwen, 2002); therefore, an important distin-
guishing characteristic of stress is its duration. Acute stress is defined as
stress that lasts for minutes, hours, or a few days; and chronic stress as
stress that persists for months or years (Dhabhar and McEwen, 1997;
McEwen, 2002). Most transportation events last only a few days and are
considered acute stress events. Even the transportation of animals from
overseas does not take more than a few days, so there is little concern
about chronic stress during transportation. However, care must be taken
to minimize post-trip stress in order to ensure that animals are not chroni-
cally stressed.

Transportation of animals involves three phases or periods: pretrip,
intermodal, and post-trip. During the intermodal period, trip time has a
large effect on the stressfulness of the experience. Animals experience a
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sudden and large stress response at the initiation of transportation. That
response declines until a lower plateau is reached. Then, after a longer
period, the stress of transportation gradually increases, especially if feed
and water are not consumed. For small species in extreme thermal condi-
tions, the length of time that an animal remains at a plateau of stress
response before the stress of transportation begins to increase can be rather
short (minutes). However, an animal with a large body store of nutrients
in extreme thermal conditions may remain at that plateau of stress
response for many days.

A main issue of concern during transportation is an animal’s psycho-
logical experience. Normally, animals live in a uniform, familiar environ-
ment; during transport, almost every aspect of their environment changes.
The transportation enclosure, motion, human handling, temperature,
light, and perhaps social group mates, odors, sounds, floor surface, food
and water availability, vibrations, unusual gravitational forces (such as
during acceleration, braking, or turning of vehicles), and other factors all
change from moment to moment. That change in multiple sensory experi-
ences will be perceived as stressful, even under the best of conditions, for
two major psychological reasons: the transportation experience is not part
of the normal routine, and the animal has no control of the situation. Stress
during transportation is unavoidable, so the optimal conditions for moving
animals from one location to another would be those that minimize the
intensity and duration of excessive stress. Reduction in the number of
transportation experiences and in novelty are two ways to make transpor-
tation more predictable and to minimize stress; however, most animals
will travel only once in their lifetime—from the location where they are
bred to the research location. In that case, the goal is to make the single
transportation experience as predictable as is practically possible, for
example, by providing access to familiar bedding during transportation.

Efforts to minimize excessive stress should be implemented from the
time animals are removed from their home cages in the shipping location
to the time they are delivered to home cages in the receiving location.
Minimizing the intensity and duration of stress in animal home cages is
also important and is under the purview of animal caretakers at each
institution where animals are housed. However, it must be recognized
that even mild manipulations such as moving an animal from one room
to another in the same animal facility have been shown to increase corti-
costerone levels and result in transient but marked changes in endocrine,
serological, and hematological measures (Gartner et al., 1980). Repeated
transportation from one location to another in the same building was
shown to increase numbers of sulfomucin-producing cells in mucosa of
the descending colon of Sprague Dawley rats (Rubio and Huang, 1992). A
simple rule of thumb for stress minimization during transportation
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involves trying to mimic the animal’s accustomed living conditions as
closely as possible while recognizing that animals are resilient and can
adapt to an array of conditions provided that their optimal living condi-
tions are restored within a reasonable time frame.

Acute stress from successful transportation is not likely to affect the
long-term health of an animal adversely, but it can substantially change
important psychophysiological measures in ways that could alter the out-
come of research if it is performed before these measures normalize. Most
studies suggest that animal responses to transportation stress include
activation of the brain, changes in behavior, neuroendocrine and peripheral
endocrine responses, and activation of homeostatic mechanisms, but these
responses can vary with age, species, and strain. They are generally of
short duration. Some studies have attempted to define post-transportation
recovery times that are required for normalization of specific measures
after transport. Physiological changes due to transportation and recovery
times are outlined below for the major species of research animals. Generally,
physiological changes return to normal within a day or two of transporta-
tion. However, it is important to recognize that the sparse literature
suggests that some psychophysiological measures may take longer to
normalize after transportation and that the time until normalization can
be influenced by the duration and intensity of the stress of transportation
and the particular stress-responsivity characteristics of the species or
strain being transported. In practice, many investigators allow 2 to 3 days
to a week or more for animals to recover after transportation and to accli-
mate to their new environment.

Rodents

The level of plasma corticosterone, one of the prinicipal stress hor-
mones, increases substantially after transportation (Aguila et al., 1988;
Drozdowicz et al., 1990; Landi et al., 1982). The increase is accompanied by
changes in immune characteristics, such as a decrease in splenic natural
killer cell activity (Aguila et al., 1988), total white cell numbers, lymphocyte
counts, thymus weight (Drozdowicz et al., 1990), and humoral immunity
(Landi et al., 1982). Body weight also decreases, even in rodents that have
access to food and water during transportation (Dymsza et al., 1963;
Wallace, 1976; Weisbroth et al., 1977). It has been suggested that normal-
ization of most physiological changes (including corticosterone and body
weight) occurs in 2 to 4 days (van Ruiven et al., 1996). However, other
measures may take several weeks to normalize. For example, in animals
that experience a light-dark shift (as can occur during transportation
between continents), the corticosterone circadian rhythm can take more
than 2 weeks to resynchronize (Weinert et al., 1994).
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The strain of animal can also influence the magnitude of physiological
changes caused by transportation. Reproduction in some strains of mice
is adversely affected by transportation (Hayssen, 1998), and some murine
strains (A /], DBA/1, SWR, and other strains with different haplotypes of the
H-2 histocompatibility complex) may show a greater incidence of shipping-
associated development of isolated cleft palate when pregnant females
are shipped during the 5 days of gestation before embryonic palate closure
(Barlow et al., 1975; Brown et al., 1972; Gasser et al., 1981). Studies have
also shown that laboratory mice may be more resilient to transportation-
associated stressors than wild-caught animals (Wallace, 1976).

Nonhuman Primates

There are only sparse data on the effects of transportation in non-
human primates (Wolfensohn, 1997). One study involving owl monkeys
documented the effect of international transportation on body weight
(Malaga et al., 1991). All animals in the study lost weight, but the amount
of body weight lost was a function of age and not the length of transporta-
tion (3 to 14 days). Younger animals lost more weight than mature animals
but regained more weight than adults during the 30 days after transporta-
tion, irrespective of the length of transportation.

Pregnancy outcome and reproduction rates after transportation have
also been studied in nonhuman primates. Pregnancy outcomes of pig-
tailed macaques, long-tailed macaques, and baboons were studied by
Sackett (1981). He found that shipment during any trimester of pregnancy
had no effect on the production of viable offspring versus unshipped con-
trols. Rates of reproduction in the three species were also tracked over a
period of 8 years. In general, numbers of offspring produced were
unchanged after air transport and in some cases slightly greater. The only
adverse effect, not present in all species, was increased latency in
rebreeding after transportation.

Livestock

In cattle, as in other farm species, body temperature rises, heart and
respiration rates increase, the hypothalamic pituitary adrenal axis (HPA)
activates, and there is an increase in levels of nonesterified fatty acids,
blood cortisol, glucocortoid, and glucose after transportation (Marahrens
et al., 2003; Nyberg et al., 1988; Warriss et al., 1992). Creatine kinase, albu-
min, and total plasma protein concentrations also tend to increase with
the duration of the journey (Warriss et al., 1995).

In general, physiological changes are largely determined by the age of
the animal. For example, transported calves that are less than 4 weeks old
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do not appear to exhibit as large an HPA response as do mature cattle
(Cole et al., 1988; Mormede et al., 1982). At 8 weeks, the response begins to
change. Corticosteroids increase, but glucose is variable, either increasing
or remaining unchanged (Crookshank et al., 1979; Kent and Ewbank, 1983,
1986a, 1986b; Simensen et al., 1980). In general, those changes return to
baseline immediately after transportation (Knowles et al., 1999; Warriss et
al., 1992), although some genotypes may have altered endocrine concen-
trations for months after transport (Nyberg et al., 1988). Young pigs and
calves have also been found to have an unstable metabolic rate after
transportation, requiring 6 to 9 days to stabilize (del Barrio et al., 1993;
Heetkamp et al., 2002; Schrama et al., 1992).

The limited physiological responses observed in adult animals can be
much more pronounced after extended periods of food and water depri-
vation. Livestock are often transported without access to food and water
for safety reasons, and the longer the period of deprivation, the longer the
time necessary for normalization. Extended periods (more than a day)
without food and water may result in 5 days or more before normaliza-
tion of physiological measures (Warriss et al., 1995).

ALLOMETRIC SCALING AND IMPLICATION FOR
TRANSPORTATION PRACTICES

Transported research animals vary greatly in size, from small rodents
to very large sea mammals, and within each species animals can vary in
size from neonates to adults. As the size of animals varies, so do the bio-
logical processes that affect transportation practices. However, variations
in processes such as heat production, metabolic rate, and space require-
ment are not linear functions of animal size (Lindstedt and Schaeffer,
2002). In other words, an animal that is twice the size of another animal
does not have twice its metabolic rate. Rather, the relationship is expo-
nential. The term allometric scaling is used to describe methods of quanti-
tying the dependence of biological processes on body mass (West et al.,
1997). Implicit in allometric scaling is the principle that small animals
occupy more space per unit of body weight than larger animals. Small
animals also produce more heat per unit of body weight than larger
animals.

The relationships between surface area, metabolic rate, and space
required by mammals are defined by the following allometric equations:

Surface area (m2) = 0.1 x weight?/3 (Curtis, 1983)
8

Basal metabolic rate (kcal/hr) = 3.0 x weight>/* (Curtis, 1983)
Floor area (lateral recumbency, m?) = 0.1 x weight'/3  (Baxter, 1984)
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The larger surface area and basal metabolic rates per unit of body
weight of smaller animals means that they evaporate more water and lose
more heat per unit of body weight than larger animals. The practical
implication is that smaller animals are more susceptible to changes in tem-
perature (cold or hot), wind speed, and humidity. The core temperatures
of smaller animals can decrease in cold environments more quickly than
those of larger animals.

Smaller animals also become dehydrated more quickly than larger
animals and cannot live without water as long. That is because of the
larger evaporative skin area and/or respiration rate of small animals.
Some species have special adaptations to conserve water, but even among
these species, the general relationships between young (smaller) and older
(larger) animals apply.

Smaller animals generally have higher metabolic rates per unit of
body weight than larger animals. That means that smaller animals can go
without food for less time than larger animals, which, because they are
larger, have relatively greater nutrient reserves.

THERMAL ENVIRONMENT

Provision of a proper thermal environment is the most important ele-
ment of safe and humane animal transportation. Temperature has been
implicated as the major factor in leading to animal mortality during trans-
portation in many species (Abbott et al., 1995; e.g., Bayliss and Hinton,
1990; Slanetz et al., 1957). The principles of a safe thermal environment
during transportation are not different from those in normal housing. The
goal is to identify the range of ambient temperatures over which an ani-
mal is able to maintain a physiologically normal core body temperature.
In this section, the basic principles of thermoregulation in warm-blooded
animals are discussed to provide the scientific basis of the committee’s
recommendations and to inform the professional judgment of researchers,
staff, and institutional animal care and use committees in meeting perfor-
mance standards.

Principles of Thermoregulation

Warm-blooded animals are known as homeotherms because they
maintain a constant body temperature through a high metabolic rate. That
process keeps body temperature constant, independent of the ambient
temperature. The average body temperatures of the most common
research animal species are listed in Table 3-1.

The thermoneutral zone (TNZ) is the range of ambient temperatures
within which an animal’s metabolic rate is at a minimum and body tem-
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TABLE 3-1 Thermoregulation Data on Common Research Animal Species

Average
Rectal or Thermo-
Intraperitoneal neutral
Temperature Zone
Species (@] Reference (oL Reference
Mouse 36.5+1.3 Herrington, 1939 26 to 34 Gordon, 1985;
Herrington, 1940;
Oufara et al., 1987
Rat 36.7 .9 Herrington, 1940 26 to 33 Gordon, 1990;
Gwosdow and
Besch, 1985;
Swift and Forbes,
1939;
Szymusiak and
Satinoff, 1981
Guinea 392 .7 Herrington, 1940 28 to 30 Fewell, Kang,
pig and Eliason, 1997
Rabbit 39.5 Robertshaw, 2004 15 to 20 Brody, 1945
(38.6 to 40.1)
Hamster 36.8+.2 Jones et al., 1976 28 to 32 Jones et al., 1976
Rhesus 39.1 Johnson and 24.7 to 30.6 Johnson and
macaque (37.9 to 40.0) Elizondo, 1979 Elizondo, 1979
Dog 38.9 Robertshaw, 2004 20 to 26 Brody, 1945
(37.9 to 39.9)
Pig 39.2 Robertshaw, 2004 16 to 23 Huynh et al., 2005
(38.7 to 39.8)
Cat 38.6 Robertshaw, 2004 35 to 38 Adams et al., 1970
(38.1 to 39.2)
Sheep 39.1 Robertshaw, 2004 21 to 25 Brody, 1945
(38.3 to 39.9)
Beef cow 38.3 Robertshaw, 2004 -18 to 23 Hahn, 1999
(36.7 to0 39.1)
Dairy cow 38.6 Robertshaw, 2004 -15to 26 Hahn, 1999
(38.0 to 39.3)
Stallion 37.6 Robertshaw, 2004 5to 25 Morgan, 1998
(37.2 to 38.1)
Mare 37.8 Robertshaw, 2004 5to 25 Morgan, 1998
(37.3 t0 38.2)
Goat 39.1 Robertshaw, 2004 13 to 21 Brody, 1945
(38.5 to 39.7)

?Thermoneutral zones can vary by strain, age, and reproductive or health status. The
measurement of an animal’s thermoneutral zone may also be influenced by the room tem-
perature and caging condition of the animal’s regular housing.

bThat results in no substantial change in core temperature over the time period indicated
in parentheses. In some cases, lowest and highest tolerated ambient temperatures were
determined in acclimated animals.
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Lowest Highest

Tolerated Tolerated

Ambient Ambient

Temperature? Temperature?

(°Q) Reference (°Q) Reference

-5 (3 hr) Oufara et al., 1987 34 (2 to 3hr) Oufara et al., 1987

-15 (3 hr) Depocas et al., 1957 34 (100 min) Gordon, 1987

—20 (1.5 hr) Huttunen, 1982 36 (30 min) Fewell et al., 1997

-10 (2 hr) Harada and 322 (2 hr) Besch and Brigmon,
Kanno, 1975 1991

=30 (1hr) Pohl, 1965 32 Jones et al., 1976

(60 to 80 min)

15 (1 hr) Johnson and 40.0 (1 hr) Johnson and
Elizondo, 1979 Elizondo, 1979

—35 (30 min) Good and 35.0 (2 hr) Besch et al., 1984
Sellers, 1957

-20 FASS, 1999 35 FASS, 1999

(indefinitely) (indefinitely)

-5 (1.5 hr) Hensel and 35 (1.5 hr) Adams et al., 1970
Banet, 1982

-13 Schaeffer et al.., — —

(indefinitely) 2001
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perature is maintained solely through autonomic responses (piloerection
and peripheral vasomotor tone) and behavioral responses (adjusting
posture to bring limbs close to or away from body) (Bligh and Johnson,
1973). In Figure 3-1, the committee has modeled the relationship between
metabolic rate and ambient temperature in homeotherms. The TNZ is
represented in Figure 3-1 as the area between C, the lower critical tem-
perature, and D, the upper critical temperature (UCT). This zone is narrow
in some species, particularly the smaller research animals (see Table 3-1).
The midpoint of the TNZ is usually 7 to 10°C below normal rectal tem-
perature and 5°C below normal skin temperature (Brody, 1945).

The TNZs for rats and mice (Table 3-1) vary in the scientific literature
because TNZ estimates depend on the environments in which the animals
are housed and assessed. TNZs can also vary considerably with age and
reproductive status, as illustrated for chickens in Figure 3-2 and several
other livestock species in Figure 3-3. Comparable data on commonly used
laboratory species are not available.

Body
Temperature
m/\

Peak Metabolis!
Lower Critical Temperature

Upper Critical Temperature

Death
Death

Metabolism

Hypothermia
(decreasing body temp)

Mostly
nonshivering thermogenesis i Thermoneutral Zone

i

A B C D

Hyperthermia
(rising body temp)

Nonshivering & shivering
thermogenesis

Panting & sweating

m
M

Ambient Temperature

FIGURE 3-1 Graph representing relationship between metabolic rate and ambient
temperature in homeotherms.
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When the ambient temperature falls below the TNZ, physiological
mechanisms collectively referred to as nonshivering thermogenesis (oxi-
dation of fatty acids and brown adipose tissue) are initiated; they increase
metabolic rate, balance heat production and loss, and maintain body tem-
perature (Robertshaw, 2004). As ambient temperatures continue to fall,
nonshivering thermogenesis is no longer adequate to offset heat loss and
maintain body temperature. Shivering thermogenesis (involuntary con-
tractions of skeletal muscles) then occurs and further increases heat
production (Robertshaw, 2004). As ambient temperatures continue to
decrease, heat production through nonshivering and shivering thermo-
genesis reaches the maximum rate that can be sustained over long periods.
This point of maximal heat production is known as peak metabolism (B in
Figure 3-1) (Robertshaw, 2004). The peak metabolic rate is 3 to 4 times the
basal metabolic rate in most species (Brody, 1945). If the ambient
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FIGURE 3-2 Changes in thermoneutral zone (range of ambient temperatures at
which an animal’s heat production is at a minimum) with age and size in chickens.
TNZ of chickens shifts to lower temperatures as chickens grow and age. Reprinted
from Fuller, 1969.
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FIGURE 3-3 TNZ of various agricultural animals. Reprinted with permission from
Taylor, RW., and T.G. Field. 2004. Scientific Farm Animal Production, 8th ed. Upper
Saddle River, NJ: Prentice Hall; p352. ©2004 Pearson Education, Inc.
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temperature decreases further (below B in Figure 3-1), heat production
decreases, body temperature decreases (hypothermia), and death eventu-
ally occurs. Animals can boost exertions at peak metabolic rates 10 to 15
times their basal metabolic rates during periods of high exertion
(Robertshaw, 2004), as occurs in humans during a 100-m race. However,
these peak metabolic rates cannot be sustained and are of little value in
maintaining body temperature during prolonged cold exposure.

The range of ambient temperatures over which an animal can main-
tain its core body temperature is depicted in Figure 3-1 between B and E.
The lowest ambient temperature at which an animal can maintain its body
temperature is generally much lower than its TNZ (see Table 3-1), but the
highest ambient temperature at which an animal can maintain its body
temperature is generally close to the upper limit of its TNZ. This is because
most research animals are nonsweating species (Brody, 1945) and have a
limited capacity for dissipating heat. When the ambient temperature rises
above the upper limit of the TNZ, heat is dissipated by increasing radiant
heat loss (through increased peripheral vascular flow) and evaporative
heat loss (through panting, sweating, and saliva spreading). When the
ambient temperature is at body temperature, there is no radiant heat loss.
Panting can still dissipate heat when ambient temperature reaches body
temperature, but it has less capacity to dissipate heat because the energy
expended (and heat produced) as panting increases eventually offsets the
heat lost through panting (Brody, 1945).

Sweating provides the largest capacity for heat dissipation in
homeotherms, so it is important to recognize that most common research
animals are nonsweating species and do not have the same capacity to
dissipate heat as profusely sweating species such as humans and horses.
For example, at an ambient temperature of about 36°C, all of the heat
produced by a human can be dissipated through sweating, but only 30 to
40% of the heat produced by nonsweating species—such as rodents, cats,
dogs, rabbits, swine, sheep, and cattle—can be so dissipated (Brody, 1945).
It should be noted that most nonhuman primates—rhesus macaques are
an exception (Johnson and Elizondo, 1979)—have not been observed to
sweat over their general body surface and should be considered non-
sweating species for the purposes of determining safe ambient tempera-
tures for transportation (Stitt and Hardy, 1971).

Animal handlers must be acutely aware that although they as humans
may be able to remain reasonably comfortable because sweating reduces
their heat load, the nonsweating animals they care for are not able to
remain comfortable through sweating. That must be emphasized during
the training of handlers, because temperatures well within human toler-
ance zones can be deadly to many species of research animals (Ohara et
al., 1975; Oufara et al., 1987; Wright, 1976).
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Safe Temperature Ranges During Transport

An animal must be transported in an environment in which it can
maintain its body temperature, becoming neither hyperthermic nor hypo-
thermic. Due to the many and often interacting physiological and envi-
ronmental variables that can affect body temperature, it is impossible to
specify exact ambient temperature ranges that guarantee that animals will
remain homeothermic during transportation. The thermal requirements
of animals vary widely depending on age, physiological state, and the
environment in which they were previously housed and to which they
have adapted. For example, newborns are less tolerant of thermal
extremes than adults, and late-pregnancy and lactating animals are less
tolerant of heat. In addition, animals previously maintained in cold envi-
ronments with high feed intakes and high rates of resting heat production
(Young, 1975) do not tolerate heat as well as animals previously main-
tained in a hot environment with low feed intakes and low metabolic rates
(NRC, 1981). The effect of the higher rates of heat production associated
with pregnancy, lactation, and cold acclimation is an increase in the
amount of heat that animals must dissipate as environmental tempera-
tures approach and exceed body temperature, that is, a reduction in heat
tolerance.

It could be suggested that homeothermic animals be transported in
ambient temperatures within their TNZ. The range of the TNZ for most
agricultural animals is large, allowing for safe transportation over a rela-
tively wide range of ambient temperatures (see Table 3-1). The Livestock
Weather Safety Index was developed to guide decision making for trans-
porting swine during weather extremes (Livestock Conservation Institute,
1970). More information about the Livestock Weather Index can be found
at the National Institute for Animal Agriculture (formerly known as the
Livestock Conservation Institute) website:

http:/ /animalagriculture.org/

The TNZ for the more common research animals (rodents, cats and
dogs, and nonhuman primates) is narrower than in livestock. However,
upper limit of the safe range for transport of those animals is also based
on the UCT of an animal’s TNZ. Unlike humans, who can maintain their
body temperatures above their TNZ through sweating, most research
animals are nonsweating species and have a limited capacity for dissipat-
ing heat.

Though the highest ambient temperature at which those animals can
maintain their body temperature is close to the upper limit of its TNZ, the
lowest ambient temperature at which those animals can maintain their

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11557.html

ation of Research Animals

GOOD PRACTICES IN THE TRANSPORTATION OF RESEARCH ANIMALS 47

body temperature is generally much lower than its TNZ. In order to
determine the lower limit of the range of ambient temperatures for safe
transportation, the committee turned to the acclimation literature. It is
well established in the cold-acclimation literature that the more common
research animals can be housed in conditions around 6°C for weeks or
months with no ill effects (Besch et al., 1984; Depocas et al., 1957; Gordon,
1988; Whiting and Brandt, 2002). Therefore, the lower limit of the tem-
perature range for safe transport was defined as the lowest temperate to
which a species had been successfully acclimated (see Table 3-2).

The temperature ranges in Table 3-2 should be considered only as a
general guideline. In many cases, air temperature alone is insufficient to
determine whether a particular animal or species can be transported
safely. Wind chill, sun exposure, and particularly humidity can greatly
influence the temperature that an animal effectively experiences (see
Table 3-3). For example, air feels colder with even a slight wind. In addi-
tion to environmental factors, physiological factors can affect the ambient
temperature at which an animal can maintain its core body temperature.
These factors include physiological states such as late pregnancy and
lactation, previous acclimation, disease status, hydration state, feeding
level, exercise, anesthesia, and body fat.

Nevertheless, short-term exposures to thermal extremes during trans-
portation do not generally result in adverse physiological effects except
when the short-term temperature exposures are particularly high. As
documented in Table 3-1, most common research animal species are able
to maintain their core temperature over the course of several hours at
extreme temperatures. Even animals with narrow TNZs (e.g., Xin, 1997)
can tolerate high temperatures and large fluctuations in temperature over
extended periods if provided appropriate food and hydration. The com-
mittee recommends that professional judgment be considered the final
determinant of whether the ambient temperatures that animals will be
exposed to during transportation are safe. Many factors must be consid-
ered if professional judgment is utilized, including humidity, stocking
density, the characteristics of the transportation cage, plumage and hair
coat, previous adaptation, metabolic and behavioral characteristics, physi-
ologic status, food and water consumption, trip length, and potential
temperature extremes.

The effects of physiological and environmental factors on the effec-
tive temperature that an animal experiences during transportation have
been well documented in birds and can be generalized to most other
species. Birds with feather loss or poor feather condition lose insulating
capability. This loss can be detrimental under cold conditions and benefi-
cial in hot conditions. Likewise, thin birds are less able to maintain their
body temperature in cold conditions than birds with more adequate body
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TABLE 3-2 Ambient Temperature Range for Safe Transportation of
Common Adult Research Animals”

Ambient
Temperature Range for
Safe Transportation?

Species (°C) References

Mouse 4¢ to 34 Oufara et al., 1987

Rat 6° to 33 Depocas et al., 1957

Guinea pig 4° to 34 Himms-Hagen et al., 1995

Rabbit 4¢ to 33¢ Cooper et al., 1980; Honda et al., 1962
Hamster 6° to 34¢ Jones et al., 1976; Pohl, 1965

Macaca mulatta 6° to 35 Oddershede and Elizondo, 1980, 1982
Dog -10¢ to 28 Nagasaka and Carlson, 1965

Pig 20 to 354 FASS, 1999

Cat 5¢ to 30¢ Adams, 1963; Hensel and Banet, 1982
Sheep -12¢t0 25 Horton, 1981

Beef cow -18 to 23

Dairy cow -15 to 26

Stallion 5 to 25

Mare 5to 25

Goat —-13¢ to 21 Schaeffer et al., 2001

Humidity, wind chill, sun exposure, hydration state, physiological state, age, acclima-
tion, and so on, can greatly influence these ranges (see Table 3-3). Professional judgment
must be used in determining safe transportation of research animals.

'The maximum and minimum temperatures of the range were derived from the upper
limit and lower limit, respectively, of that species thermoneutral zone as described in Table
3-1, unless otherwise noted. Most larger mammals can be transported when the temperature
is below freezing as long as the temperature inside the transport compartment does not
cause frostbite or other signs of extreme cold. Conditions inside transport compartments,
especially warm, deep bedding will allow animals to establish a microenvironment that is
comfortable. Professional judgment should be used to assess risks to animal welfare when
animals are preconditioned or not preconditioned for transport.

‘Temperature derived from the lowest or highest temperature to which that species has
been acclimated. It is possible that animals could be safely transported at more extreme
temperatures; however, the literature neither supports nor negates the possibility.

?Recommended thermal conditions for swine.

conditions (Schrama et al., 1996). The age of the animal also influences the
thermal conditions that are suitable for safe transport. As shown in Fig-
ure 3-2, young birds have a narrower TNZ than mature birds. Thus the
temperature at which thermogenesis begins is higher in younger birds,
making these animals more susceptible to cold.

The phenotypes of some animal strains and transgenic animals must
also be considered when the animals have abnormal metabolic character-
istics. Some pigs carry a mutation in a gene that causes malignant hyper-
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TABLE 3-3 Effects of Various Factors on Effective Environmental
Temperature and Relative Risk to Animal Health and Welfare

Very Cold Very Hot
Outside Outside
Factor Temperature Risk Temperatures Risk
High relative Little effect Low Much warmer Very high
humidity
High air velocity Much colder  High Feels colder as Low
long as air
temperature is
below animal
core temperature
Food deprivation Much colder  High Little effect Low
Water deprivation Colder Medium Much warmer High
High stocking Warmer Zero or Much warmer Very high
density positive effect
Illness (fever) Colder Medium Warmer Medium
Fat (high Warmer Low Warmer High
subcutaneous (protective)
insulation)
Stress susceptible Colder High Warmer Very high
genotypes”
Surface cover Warmer Protective Warmer High
(plumage and
hair coat)
Previous experience =~ Warmer Zero or Warmer High
or adaptation to positive
cold temperatures effect
Previous experience ~ Colder High Colder Zero or
or adaptation to positive
hot temperatures effect

"May include malignant hyperthermia or transgenic animals that have thermoregulatory
or physiological dysfunction.

SOURCE: Table adapted from Schrama et al., 1996.
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thermia when stress is experienced (McGlone and Pond, 2003). These
animals become warm and red-skinned during stress and develop muscle
tremors and an inability to walk. In some instances, animals may die as a
result of malignant hyperthermia.

Behavior can affect the thermal experience. The stocking density of
birds within the transportation crate may inhibit or encourage thermal
regulating behaviors, such as stretching and fanning wings during heat
episodes or huddling close to other birds under cold conditions.
Posthatch-fasted male chicks he