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Preface

Care and use of animals in research are expensive, prompting efforts
to contain or reduce costs.  Components of those costs are personnel,
regulatory compliance, veterinary medical care, and laboratory animal
management, equipment, and procedures.  Many efforts have been made
to control and reduce personnel costs, the largest contributing factor to
cost, through better facility and equipment design, more efficient use of
personnel, and automation of many routine operations.  However, there
has been no comprehensive, recent analysis of the various cost com-
ponents or examination of the strategies that have been proven or are
purported to decrease the cost of animal facility operation.

The National Research Council appointed the Committee on Cost of
and Payment for Animal Research (Cost Committee) in January 1998 to
examine the current interpretation of governmental policy (Office of Man-
agement and Budget Circular A–21) concerning institutional reimburse-
ment for overhead costs of an animal research facility and to describe
methods for economically operating an animal research facility.  The study
was conducted under the auspices of the Institute for Laboratory Animal
Research (ILAR) of the Commission on Life Sciences.  The committee
produced its first report titled Approaches to Cost Recovery for Animal Research:
Implications for Science, Animals, Research Competitiveness, and Regulatory
Compliance in May 1998.  The principal conclusion of that report was that
animal research facilities are used extensively for the conduct of research
and support an environment and animal health profile that are integral to
the validity of the experimental animal model.  Hence, the facilities and
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administrative (F&A) costs should be eligible for inclusion in an institu-
tion’s indirect cost category.  The Office of Grants and Acquisition Man-
agement of the Department of Health and Human Services ultimately
accepted most of this recommendation and extended its applicability to
institutions governed by Circulars A–21 and A–122 (see Appendix A).
This action also catalyzed an NIH committee’s final revisions of the NIH
Cost Accounting and Rate Setting Manual for Laboratory Animal Facilities.
The Cost Committee then considered cost containment methods for animal
research facilities and wrote the present report.  This report is intended
primarily for directors and managers of animal research facilities.

The literature available to the Cost Committee that specifically ad-
dresses cost containment methods was relatively sparse.  However, two
other sources of information were available: The Ohio State University
Committee on Institutional Cooperation Study (CIC) of 12 institutions
(see Appendix B) and the Yale University 1999 Animal Resources Survey
(1999 ARS) of 63 institutions (see Appendix C).  The present report is
based upon the experience of the committee members, most of whom
have been directors of laboratory animal facilities, researchers relying on
animal models or professionals overseeing research resources for many
years (see biographical sketches, Appendix D), information in the litera-
ture, and the two surveys.

This report has been reviewed by persons chosen for their diverse
perspectives and technical expertise in accordance with procedures ap-
proved by the National Research Council’s Report Review Committee.
The purposes of the independent review are to provide candid and critical
comments that will assist the authors and the National Research Council
in making the published report as sound as possible and to ensure that
the report meets institutional standards of objectivity, evidence, and re-
sponsiveness to the study charge.  The contents of the review comments
and the manuscript draft remain confidential to protect the integrity of
the deliberative process.  We thank the following persons for their partici-
pation in the review of this report:

Michael Adams, DVM, Professor of Pathology/Comparative Medicine,
Wake Forest University School of Medicine, Winston–Salem, NC;

Ronald A. Banks, DVM, Director, Laboratory Animal Resource, School of
Medicine, University of Colorado Health Sciences Center, Denver;

B. Taylor Bennett, DVM, PhD, Associate Vice Chancellor for Research,
University of Illinois, Chicago;

Linda Cork, DVM, PhD, Chair, Comparative Medicine, Stanford
University School of Medicine, CA;

Ron DePinho, MD, Dana-Farber Cancer Institute, Boston, MA;
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Robert E. Faith, DVM, PhD, Director, Center for Comparative Medicine,
Baylor College of Medicine, Houston, TX;

James G. Fox, DVM, Director, Comparative Medicine, Massachusetts
Institute of Technology, Cambridge;

Warren W. Frost, DVM, MS, Director, Animal Resources Center,
Montana State University, Bozeman;

Lauretta W. Gerrity, DVM, Director, Animal Resources Program,
University of Alabama, Birmingham;

Cynthia S. Gillett, DVM, Director, Research Animal Resources,
University of Minnesota, Minneapolis;

Michael J. Huerkamp, DVM, Assistant Director, Division of Animal
Resources, Emory University, Atlanta, GA;

Robert O. Jacoby, DVM, PhD, Chairman, Section of Comparative
Medicine, Yale University School of Medicine, New Haven, CT;

Timothy Kern, PhD, Professor of Medicine and Ophthalmology,
Director, Center for Diabetes Research, Case Western Reserve
University, Cleveland, OH;

Dennis F. Kohn, DVM, PhD, Director, Institute of Comparative
Medicine, Columbia University, New York, NY;

C. Max Lang, DVM, Chair, Department of Comparative Medicine,
Hershey Medical Center, Pennsylvania State University, Hershey;

Neil S. Lipman, VMD, Director, Research Animal Resource Center,
Memorial Sloan–Kettering Institute, New York, NY;

Richard J. Rahija, DVM, PhD, Director, Laboratory Animal Resources,
Duke University Medical Center, Durham, NC;

Irving Weissman, MD, Professor, Department of Pathology, Stanford
University School of Medicine, CA;

David York, Associate Executive Director for Basic Science, Boyd
Professor, Pennington Biomedical Research Center, Baton Rouge,
LA; and,

William P. Yonushonis, DVM, Director, Laboratory Animal Resources,
Ohio State University, Columbus.

The list shows the diversity and background of the reviewers, again
attesting to the rigor of the process of producing this report.  Although the
persons listed have provided many constructive comments and sugges-
tions, responsibility for the final content of this report rests solely with the
authoring committee and the National Research Council.

I am very thankful to the committee members, reviewers, and ILAR
staff.  Members of the committee demonstrated their expertise, dedica-
tion, and perseverance and donated their precious time and energy to
focus on this project throughout their tenure on the committee.  The
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reviewers provided invaluable insights that helped to make the final re-
port more relevant, informative, and robust.

The committee wishes to thank Robert Jacoby of the Section of Com-
parative Medicine of Yale University School of Medicine, for making avail-
able the data from the 1999 ARS, and Rajasekhar Ramakrishnan and
Steven Holleran of the Division of Biomathematics and Biostatistics, De-
partment of Pediatrics, College of Physicians and Surgeons, Columbia
University, for summarizing and analyzing the data.  Ralph Dell was an
extraordinary liaison with the groups on the Cost Committee’s behalf,
playing a pivotal role during our critique and refinement of the survey
instrument and the analysis of survey data.  The committee deeply appre-
ciated his deft management of the review process and concluding efforts
toward publication of the final report.  The committee is further indebted
to Kathleen Beil and Marsha Williams, of ILAR staff, for their cheerful
support of committee functions, manuscript preparation, and producing
all the tables (Appendix C) summarizing the 1999 ARS.

Christian E. Newcomer (Chair)
Director, Division of Laboratory Animal Medicine
The University of North Carolina
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1

Executive Summary

The Committee on Cost of and Payment for Animal Research, in the
National Research Council’s Institute for Laboratory Animal Research
(ILAR), was appointed to advise federal funding agencies and grant
awardees on three matters:

1. Develop recommendations by which federal auditors and research
institutions can establish what cost components of research animal facili-
ties should be charged to institutions’ indirect cost pool and what animal
research facility cost components should be included in the per diem
charges to investigators, and assess the financial and scientific ramifica-
tions that these criteria would have among federally funded institutions.
The results of this phase of the study were released in an interim report
within 6 months of receipt of funding.

2. Determine the cost components of laboratory animal care and use
in biomedical research.  This will be used to establish a cost baseline that
all institutions that use animals in biomedical research, education, and
testing can use as a measure of performance efficiency.

3. Assess and recommend methods of cost containment for institu-
tions maintaining animals for biomedical research.

The second task was not done by the committee, because it was dis-
covered that Yale University was well along in planning to conduct a
survey of institutions to determine, among other items, cost components
of laboratory animal care and use.
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The Committee on Cost of and Payment for Animal Research used a
variety of sources of information in writing this report: the conclusions,
but not the underlying data, of a survey conducted by The Ohio State
University Office of Research, for the Committee for Institutional Coop-
eration (CIC study, Appendix B); the 1999 Animal Resources Survey (1999
ARS), conducted by the Yale University School of Medicine’s Section of
Comparative Medicine; published data; and the collective experience of
the committee members.  The report covers cost of personnel, laboratory
animal management, veterinary medical care, equipment and facility de-
sign, compliance with regulations, and future directions in research that
uses animals.

Of 130 institutions surveyed, 63 responded to the 1999 ARS.  To focus
on traditional laboratory animal medicine programs, all institutions with
an average daily mouse census of 1,000 or more were selected for further
analysis.  That resulted in 53 institutions that were then grouped by size
of mouse holdings: group 1, 1,000-9,999; group 2, 10,000-29,999; and group
3, 30,000 or more.

Personnel represent the largest cost item in the total costs of an ani-
mal research facility (ARF), accounting for 50-65% of the total costs.  Of
the institutions responding to the 1999 ARS 54 had a veterinarian as a
director of the animal care program.  If institutions with an average daily
mouse census of over 1,000 were focused on, there was no difference in
mean director full-time equivalents (FTEs) by group size.  Furthermore,
the institutions in each of the three groups had an average of nearly 1 FTE
associate or assistant director and roughly 0.9 FTE business manager.
That indicates that directorship overhead was nearly the same regardless
of size of institution.  Thus, directorship costs per mouse are higher in
smaller institutions.  Total managerial staff ranged from a mean of 4.0 in
group 1 to 5.4 in group 3, again resulting in higher costs per mouse in the
smaller group.  Total clerical FTEs doubled from group 1 to group 3, and
total technical staff rose from 15 to 42 FTEs.  In summary, smaller institu-
tions have higher proportional personnel costs, reaffirming the old adage
of economy of scale.

As a case study, the use of team management (or “total quality man-
agement”) at the University of Michigan is described. Animal care has
been strengthened and streamlined as a result of having managers, team
leaders, and animal care staff work together collaboratively.  A more
customer-oriented focus has emerged from this process, improving the
ability of the animal care program to meet the needs of researchers.  Two
years after implementation of the team concept, the University of Michi-
gan was able to reduce per diem rates for rodents by 50% and customer
complaints dropped to less than half their previous level.  Team manage-
ment improved working conditions, an important factor in staff retention
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according to the 1999 ARS, although salary and opportunity for advance-
ment were more important retention factors.

Containing costs of laboratory animal management depends on high-
quality information yielded by carefully kept records and a comprehen-
sive cost-accounting system.  Such a system will permit determination of
the costs and benefits of various services and identification of cost sav-
ings.  It is false economy to purchase animals whose health status and
genetic background are unknown; their use can lead to poor scientific
data that are inaccurate or misleading because of undetected health prob-
lems in the animals.  Breeding animals inhouse depends on research needs
and on a careful comparison of purchase versus breeding costs.  The use
of core laboratories is a way to centralize services and thereby realize
economies of scale, and it usually results in higher-quality data because
core laboratory staff are experienced in the techniques of the laboratory.
Such laboratories might produce transgenic or knockout animals, mono-
clonal antibodies, behavioral testing, and the like.

Costs of veterinary medical care are largely for personnel.  The veteri-
narian director of an animal care program is usually trained in laboratory
animal medicine and frequently is a diplomate of the American College of
Laboratory Animal Medicine.  The salaries of such specialized veterinar-
ians are higher than those of veterinary support personnel, so institutions
should make use of these veterinarians to take full advantage of their
professional competences and delegate technical and administrative du-
ties to lower-paid employees.  Veterinary residents and certified labora-
tory animal and veterinary technicians can be used as an effective exten-
sion of the veterinary medical staff, as noted in the CIC study (Appendix
B).  Smaller institutions can choose to use part-time veterinary consult-
ants or share positions with other institutions.  The mix of species, the
presence or absence of a surgery program, and the use of animal models
that require intensive veterinary assistance because of experimental com-
plications, invasive procedures, or spontaneous disease are determining
factors in the amount of veterinary input required.  In general, rodent-
only programs require less clinical veterinary support than surgery-
intensive programs and programs that use larger species extensively.
Well-trained, experienced technicians working under the supervision of a
veterinarian can deliver much of the veterinary care required by an insti-
tution, thereby lowering costs.

Diagnostic laboratory support is usually contracted for unless the
institution is large and can fully support an inhouse laboratory.  Health
surveillance is expensive, and exact needs depend on several factors, such
as species used, source of animals, facility design, and animal housing
conditions.  Frequency of sampling and method to be used for health
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surveillance should be based on a risk assessment that incorporates those
factors.

The committee considered principles that govern the design of new
or renovated animal research facilities, and these principles are presented
herein.  There are tradeoffs among low maintenance, efficient animal care,
investigator convenience, equipment costs, security, and initial cost of
construction. Cost estimates are valuable in making choices.  Increasing
cen-tralization results in increased labor productivity and decreased cost
of operation per square foot—a finding that should be considered when
renovations or expansions of animal research facilities are contemplated.
Decreasing the costs of animal husbandry involves consideration of type
of caging (conventional, microisolator, or individually ventilated caging),
automatic watering, robot arms for rodent-cage processing, choice of envi-
ronmental enrichment, bulk purchase of material (depending on space
costs), inhouse breeding versus purchase of animals, and medical sup-
plies, including personal protective equipment.

Attention to facility design, equipment, and operating procedures
should result in an animal facility that is efficient and easy to manage and
maintain.  Use of individually ventilated racks could increase intervals
between cage changing from 3-4 days to as much as 14 days.  Connecting
the racks directly to building supply and exhaust can lower maintenance
costs by ventilating the cages instead of the whole room.  Automatic
watering decreases labor costs, but its use can result in undesirable side
effects, such as inoperative valves or cage flooding.  Using larger water
bottles and acidifying or chlorinating the water is an alternative.  Careful
sizing of animal rooms in the facility permits optimal placement of the
racks so that cages can be accessed with a minimum of effort and mobile
animal transfer stations can be used.  In large facilities, use of robots can
permit automation of many parts of the cage-changing process, such as
moving cages to the cage-washing room, dumping cages, loading and
unloading cages into the cage washer, putting bedding in the cages and
filling water bottles, and transporting the clean cages and bottles back to
the animal rooms.  Experience with the use of robots is limited, and it may
be several years before their ability to save costs is determined.  Ensuring
that the interstitial space (space above the room ceiling) is readily acces-
sible and is laid out so that duct work and machinery are easily main-
tained reduces costs and exposure of maintenance workers and animals
to each other.  Walls in rodent rooms might not need to withstand the
assault of large animals and can be constructed with material that is less
expensive than traditional concrete masonry.

The institutional animal care and use committee (IACUC) is respon-
sible for oversight of an institution’s animal care and use program.  The
cost of that activity is often underestimated because the institution does



EXECUTIVE SUMMARY 5

5

not account for faculty time spent on IACUC activities.  In addition to the
costs of faculty time on the IACUC, there are the known costs of adminis-
trative staff to support the IACUC functions and the unknown costs of
faculty time spent in completing protocols.  A National Institutes of Health
study of regulatory burden (NIH 1999) cited six major categories of regu-
latory issues: redundancy of program and facility inspections; different
annual reports required by the Office of Laboratory Animal Welfare
(OLAW), the US Department of Agriculture (USDA), and the Association
for Assessment and Accreditation of Laboratory Animal Care Interna-
tional (AAALAC); USDA requirements that do not allow for professional
judgment; significant differences between OLAW and USDA require-
ments; inconsistent interpretation of regulations and policies by oversight
groups; and complexity of regulations governing the import and move-
ment of nonhuman primates.  NIH did not estimate the cost of those
issues, but addressing them should result in savings of time and money.

Of institutions that replied to the 1999 ARS, 48 reported costs of sup-
porting the IACUC of $0-$301,000.  Larger institutions (group 3) spent
more on IACUC support, had programs for monitoring use of animals in
research in addition to semiannual inspections, and had more faculty and
staff serving on IACUCs; but the cost of compliance as a percentage of
research dollars received was generally higher for small programs.  The
proposal to require USDA to regulate use of rats, mice, and birds in re-
search will probably increase the regulatory burden, particularly for
smaller institutions.

Many factors will contribute to increased mouse use over the next
few years: the genome project and functional genomics, interinstitutional
transfer of various mouse lines, conditional and tissue-specific mutations,
chemical and viral mutagenesis, creation of therapeutic models, and in
vivo gene-transfer experiments.  In light of those factors, many institu-
tions are projecting at least a threefold increase over 5 years.  Other spe-
cies—such as rat, rabbit, pig, and nonhuman primate—might become
models in gene transfer experiments.  In addition, growth in the use of
aquatic species—including Xenopus frogs, zebrafish, and other fishes—is
likely.  Such projected increases require construction or renovation of
new space, a portion of which must be flexible to accommodate nonrodent
species.
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Introduction

The Committee on Cost of and Payment for Animal Research, in the
National Research Council’s Institute for Laboratory Animal Research
(ILAR), was appointed to advise federal funding agencies and grant
awardees on two matters: (1) Develop recommendations by which federal
auditors and research institutions can establish what cost components of
research animal facilities should be charged to institutions’ indirect cost
pool and what animal research facility cost components should be in-
cluded in the per diem charges to investigators, and assess the financial
and scientific ramifications that these criteria would have among feder-
ally funded institutions.  The results of this phase of the study were to
be released in an interim report within 6 months of receipt of funding.
(2) Assess and recommend methods of cost containment for institutions
maintaining animals for biomedical research.

The first phase of the committee’s activities concluded with the pub-
lication of the ILAR report Approaches to Cost Recovery for Animal Research:
Implications for Science, Animals, Research Competitiveness, and Regulatory
Compliance (NRC 1998).  In that document, the committee recommended
that institutions be allowed to recover facilities and administrative (F&A)
costs of animal research facilities from the indirect cost pool to be consis-
tent with the allocation of F&A costs for other research space, to ensure
high-quality animal-based research, and to ensure humane care of animals
consistent with federal regulations.

After publication and public discussion of the committee’s report, the
Office of Grants and Acquisition Management issued an administrative
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clarification of Circulars A-21 and A-122 (Action Transmittal OGAM AT
2000-1, dated November 15, 1999, Appendix A) to authorize the allocation
of some costs to the F&A cost pool as suggested by the committee.  Spe-
cifically, those costs were related to procedure rooms, operating and re-
covery rooms, isolation rooms, quarantine rooms directly related to re-
search protocols, and rooms that house research animals that are not
generally removed from the facility for conducting research.  Institutions
are still required to document, through space surveys, the particular re-
search projects conducted in research space included in the F&A pool.
Given those clarifications, an NIH committee completed work on a year
2000 revision of A Cost Analysis and Rate Setting Manual for Animal Research
Facilities (CARS Manual).  The manual was originally produced by NIH in
1974 and revised in 1979.  It has been widely used for cost analysis and
rate setting in animal research facilities.  The 2000 revision of the manual
will bring it up to date with federal cost policies and the technical evolu-
tion in the animal research facilities.

The ILAR committee’s final objective was to analyze the costs en-
tailed in the care and use of animals in biomedical research and to de-
velop useful indicators for institutions to use in scaling their performance
efficiency and evaluating their overall support systems for research ani-
mals.  The committee was also given the charge of assessing and recom-
mending methods of cost containment for institutions that maintain ani-
mals for biomedical research.  The committee has drawn on a variety of
sources to meet its objectives, including published reports in the litera-
ture, personal communications with experts in the field, the opinions of
the committee’s own members, and two survey documents that were
available in whole or in part to the committee.  The main survey docu-
ment used by the committee was the 1999 Animal Resources Survey (1999
ARS), conducted by the Yale University School of Medicine’s Section of
Comparative Medicine and analyzed by the Division of Biomathematics
and Biostatistics in the Columbia University Department of Pediatrics.  Of
130 academic institutions contacted (including the top 100 recipients of
NIH funds for 1995), 63 responded to the survey, for a nearly 50% re-
sponse rate.  The total research budget was greater than $50 million for 42
institutions, between $10 and $50 million for 15, and less than $10 million
for six.  The 1999 ARS questionnaire and a tabular summary of the find-
ings are provided in Appendix C.  The survey produced a wealth of
descriptive information needed to characterize many variables relevant
to contemporary animal care and use programs and practices, but it failed
to yield detailed and compelling information about the linkage of costs to
the quality of animal care in many areas.  Also, a summary of the conclu-
sions, but not the underlying data, of a survey conducted by the Ohio
State University, Office of Research, for the Committee for Institutional
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Cooperation (CIC study) was available to the ILAR committee for review
and consideration.  The CIC study included 12 institutions—10 midwest-
ern state institutions and 2 private institutions.  Although a small study, it
was carefully conducted, with each institution completing a question-
naire and then being visited by an accountant to ensure accurate, high-
quality data.  This qualitative information is provided in Appendix B to
provide readers with an overview of the trends and consequences of vari-
ous provisions for animal care and use practices in different institutional
settings.

Although the approach chosen by the committee has not resulted in
the creation of a menu of validated, cost-effective indicators that could
predict program excellence or success, it should serve as a useful starting
point for institutions involved in planning and conducting cost analyses
of their own programs.  Institutional philosophy and needs, such as type
of barrier housing for rodents and degree of centralization of the animal
holding space, have a large impact on costs.  Thus, concepts and sugges-
tions made in this report should be used to explore the cost implications
of an institution’s arrangements for animal care.

It should be noted that although many institutions use the NIH CARS
Manual, there remains considerable interinstitutional variation in what is
assigned to various cost centers.  This variability makes it difficult to
compare figures from different institutions and to assess the effectiveness
of various cost-saving maneuvers.  Furthermore, there is a great reluc-
tance of institutions to share financial data, in that they hold such infor-
mation to be highly sensitive and confidential.  The committee recom-
mends that institutions devote effort to using the newly revised CARS
Manual so that the size of various cost centers can be assessed across
institutions.  A future survey could then collect data on the magnitude of
the various cost centers as a function of such variables as species mix,
physical plant layout, veterinary services, and personnel mix.

It should also be noted that this report emphasizes containing the
costs of using mice in research because they are the most common animal
used and, in the experience of the committee, account for a sizable portion
of the cost of operating an animal research facility.  Furthermore, it is the
opinion of the committee that opportunities for cost containment occur
most frequently in the care and use of mice.  In general, most institutions
have witnessed a decline in the use of larger animals (such as nonhuman
primates, dogs, cats, pigs, small ruminants, and rabbits) as part of their
research portfolio, and costs associated with large animals no longer domi-
nate the total cost of most programs.  The cost of care per individual
animal of these species has long been known to be high, prompting many
institutions to identify the most cost-effective approaches that optimize
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the care of these species according to the constraints imposed by the
institutions’ facilities and programs.

Several aspects of a modern ARF are discussed in this report. Person-
nel costs account for 50-65% of the total costs of an ARF.  Hence, a major
portion of this report is devoted to reviewing methods of containing per-
sonnel costs.  Then the cost of complying with regulations is discussed,
followed by a consideration of the costs of veterinary medical care.  Such
issues as veterinary staffing levels and appropriate use of well-trained
technicians are considered.  Management practices are critical to the effi-
cient operation of an ARF.  Administrative aspects of facility operation
and animal husbandry practices are both discussed.  Impact of facility
design on the costs of an ARF is discussed, including some ideas about
automation of certain routine tasks.  Finally, some ideas about future
directions in the use of animals in research are presented and the impact
of those research needs on facility capacity and design are discussed.
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Personnel

Personnel costs are a major component of the cost of operating an
animal care and use program, but information generally is lacking on the
extent and variation of these costs in different program environments and
on useful strategies for cost containment.  Adequate staffing is essential to
provide high-quality animal care to ensure animal health and well-being,
to comply with regulatory guidelines, and to retain public confidence.  As
emphasized in the Guide for the Care and Use of Laboratory Animals (NRC
1996a), the institution should hire sufficient qualified staff to ensure
proper care and use of animals in research, teaching, and testing.  The
factors that influence facility staffing needs include size and type of insti-
tution, administrative arrangements for providing animal care and ancil-
lary support activities, physical-plant characteristics, number and species
of animals maintained, and the nature of animal research use.  Meeting
staffing needs is becoming difficult because a high demand for skilled
and unskilled labor exists.  Furthermore, there is a growing shortage of
experienced, trained laboratory animal medicine veterinarians because of
increased demand and a decrease in training positions.  The 1999 ARS,
conducted by the Yale University School of Medicine’s Section of Com-
parative Medicine, does not contain sufficient details to determine a staff-
ing configuration most likely to produce a cost-effective, high-quality
animal care and use program in an institution, but it does provide useful
information on the general description of contemporary staffing practices
and serves as the basis of the committee’s comments and recommenda-
tions in this regard.
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ADMINISTRATIVE PERSONNEL

According to the 1999 ARS, 61 responding institutions have a director
and 49 of 63 function with at least a director and a business manager.
Many organizations (42 of 63 reporting) also had personnel in assistant-
or associate-director positions.  In a majority of the 61 organizations with
a director, the director was a veterinarian; only seven of 61 institutions
indicated that a nonveterinarian held the position of director.  That find-
ing reflects the recommendation in the Guide for the Care and Use of Labora-
tory Animals that a veterinarian with training and experience in laboratory
animal medicine and science direct a program.  With the growth of re-
search animal programs in the last 20 years and the incorporation of
technical expertise from research laboratories into centralized research
support efforts, the management of personnel, material, physical plant
and financial functions has become increasingly complex.  That has stimu-
lated the integration of professional managers into the modern research
animal organization to allow veterinary professionals to concentrate on
scientific collaboration, enhancing research services, advancing the pro-
gram of veterinary care, institutional interactions, and other dimensions
of program direction.  Use of full-time or part-time professional business
managers is key to the development of sound business practices that
could result in significant cost savings.

Veterinarians usually held the positions of assistant or associate di-
rector; and in 16 of the 42 organizations reporting in the 1999 ARS, two or
more positions were allocated in these job categories.  Other types of
administrative personnel represented in the survey were, in decreasing
order, purchasing agents (30 of 63 institutions), regulatory or compliance
personnel (20 of 63 institutions), and informatics specialists (19 of 63 insti-
tutions).  For each of those job categories, a few institutions had two or
more people serving in the position.

In most organizations, according to the 1999 ARS and the CIC Study,
personnel costs constitute about 50-65% of the total operational costs of
the animal care and use program and are often covered in part by institu-
tional subsidies.  This does not reduce an institution’s overall cost, but it
does reduce the cost base used in the calculation of per diems for cost
recovery.  Most institutions participating in the 1999 ARS applied subsi-
dies to the support of administrative personnel: 44 of 55 organizations
responding indicated that the director’s salary was supported at least
partially by institutional subsidy.  Moreover, 26 organizations provided
100% of the director’s salary through institutional funds, and 17 institu-
tions funded an additional one to three professional positions through
institutional subsidies.  Of the 17, 10 had one additional position, one
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institution had two, and six institutions had three.  Furthermore, 45 of 56
applied subsidies to other professional staff.

Those findings suggest that most institutions appreciate the impor-
tance of a sound professional administrative core that provides direction
and oversight of their animal care and use program to facilitate animal
research activities and to address regulatory compliance.  Despite the
importance of the senior administrative positions, however, a substantial
number of them—43 of 258 (16.7%)—were not filled, according to the
1999 survey.  A possible explanation is that institutions are having prob-
lems in finding and recruiting qualified personnel or are willing to tolerate
vacancies to control costs.

ANIMAL CARE STAFF

The number and quality of animal care personnel are crucial to an
institution’s ability to maintain the high-quality animal care and use pro-
gram necessary in today’s sophisticated research environment, and insti-
tutions appear to make a concerted effort to keep these positions filled.
For example, of the 1,413 positions for animal care personnel allocated
among the institutions participating in the 1999 ARS, only 71 (5%) were
unfilled at the time of the survey.

According to the 1999 ARS, institutions most often use supervisors’
assessments to determine appropriate staffing levels for animal care per-
sonnel.  Time-effort reporting was the second most common method of
determination.  There are no universally recognized quantitative stan-
dards in the field to assist supervisors in determining appropriate staffing
levels independently of local facility conditions, species, and types of
housing systems.  For example, even for a particular caging condition for
mice (microbarrier cages with water bottles), the number of cages that
technicians were reported to service weekly generally ranged from sev-
eral hundred to more than 1,200.  That suggests that programs wishing to
increase cage-change productivity would benefit from exploring such fac-
tors as facility design, availability and use of appropriate ancillary equip-
ment, teamwork concepts and division of tasks, and the degree of consoli-
dation of animal populations.

The levels of total managerial and technical staffing dedicated to the
animal care functions reported by institutions participating in the 1999
ARS were compared among three groups depending on the size of the
mouse population.  The 53 institutions that had an average daily census of
more than 1,000 mice were divided into three groups depending on the
average daily census of mice.  Group 1 (23 institutions) had fewer than
10,000 mice each; group 2 (16 institutions) had 10,000 to 30,000 mice; and
group 3 (14 institutions) had 30,000 or more mice.  There were no statisti-
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cally significant differences in the average daily census for any other ani-
mal species; that strengthens the conclusion that any differences found
could be attributed to factors related to differences in mouse census (see
Table 10a-d, Appendix C).  The total management category consisted of
positions described as senior manager, assistant manager, regional super-
visor, and training coordinator.  The total technical group consisted of
positions of animal care technologist, animal care technician, and assis-
tant animal care technician.  The means of the full-time equivalents (FTEs)
for total managers in the 1999 ARS for groups 1, 2, and 3 were 2.68, 4.58,
and 5.95, respectively; and of the FTEs for total technical staff, 15.3, 20.9,
and 42.2, respectively (see Figure 1 and Table 8b, Appendix C).  Those
data from the 1999 ARS show that larger programs realized economies of
scale in managerial staffing.  The ratio of total technical staff to total
animal care management staff was 7.1 in group 3, significantly higher
than the 4.6 in group 2 and 5.7 in group 1; 4.6 and 5.7 were not signifi-
cantly different; large programs reduce costs by having higher technical-
to-managerial staff ratios than smaller programs.

PERSONNEL TRAINING

Technician training is important: it produces a competent and effi-
cient workforce that is better able to support an institution’s research
mission.  It can be accomplished through on-the-job training or other
inhouse training efforts or through staff participation in a national certifi-
cation program sponsored by the American Association for Laboratory
Animal Science (AALAS).  AALAS certification is available on three tech-
nical levels: assistant laboratory animal technician (ALAT), laboratory
animal technician (LAT), and laboratory animal technologist (LATG).
AALAS also confers management certification through its Institute of
Laboratory Animal Management.

Of the 63 institutions included in the 1999 ARS, only six did not have
any AALAS-certified staff; 488 of 1,573 (31%) people in management,
supervisory, and technical positions reported were certified at some level
by AALAS.  The education required for certification by AALAS enhances
the performance of animal care technicians by enabling them to operate
with greater technical competence, assume additional job responsibilities,
and advance their careers.  That statement is supported indirectly by the
certification rates calculated by job category in the 1999 ARS.  Overall, 172
of 240 (72%) of those in management positions had some level of AALAS
certification—65% of senior managers, 83% of assistant managers, 68% of
regional supervisors and 100% of training coordinators.  Training coordi-
nators had the highest rate of LATG certification (13 of 15, or 87%) fol-
lowed by senior managers (38 of 72, or 53%).  In contrast, only 316 of 1,333



14 STRATEGIES THAT INFLUENCE COST CONTAINMENT

(24%) of those in technical positions were AALAS-certified.  In some set-
tings, technical expertise demonstrated by certification has eased the bur-
den of regulatory oversight while bringing greater uniformity to animal
care and experimental procedures.  For those reasons, institutions should
encourage their staff members, through job promotions or other incen-
tives, to participate in the AALAS certification programs.

The increasing sophistication of research animal use and the increas-
ingly complex legislation, guidelines, and policies governing use of ani-
mals in research require skilled employees.  The use of inhouse resources
and mechanisms for training employees might constitute an effective cost-
containment strategy by improving the efficiency, effectiveness, and moti-
vation of the work force.  According to the 1999 ARS, 89% of the 63
institutions participating in the study had inhouse training programs.  In
addition to excellent commercially available training materials, a wide
array of free materials can be found on the Internet.  The latter, found on
various university and industry animal care and use program Web pages,
can be easily transformed into useful training materials.  Cross-training
employees is effective in providing diversity to the daily routine and
producing a more flexible workforce.  Many institutions have noted that
well-trained personnel who are cognizant of and engaged in their mission
for the institution make a more effective workforce.

TEAM MANAGEMENT: A CASE STUDY

Although widely accepted and practiced in many environments, the
application of “total quality management” (or “continuous improve-
ment”) concepts to animal care in research institutions is relatively new.
On the basis of personal communication with animal care program direc-
tors, research institution administrators have recently begun to use team
management to organize and manage research animal husbandry; their
efficiency has increased, the cost of care has declined, and morale has
improved.  Because of reports of considerable success, including the expe-
rience at the University of Michigan discussed below, this area deserves
further study.

At the University of Michigan, the team concept has been used as an
animal care management technique for 5 years.  There, animal care tech-
nicians, animal care managers, veterinary technicians, the veterinary staff,
and the administration have, on the basis of customer and staff satisfac-
tion and improved morale, become convinced that it is a superior man-
agement method.  Although this method might prove to be widely adapt-
able across diverse recruitment and staffing conditions, it should be noted
that attainment of a BS or Associate Degree in Animal Technology was a
requirement for employment on the animal care staff at the University of
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Michigan.  It is interesting to note that 9 of 63 institutions in the 1999 ARS
survey offered initial salaries that were higher than the starting salary of
$11.25 per hour offered at Michigan.

Some 40 animal caretakers are organized into five husbandry teams.
Each team cares for animals in a facility or, in the case of small facilities, in
several facilities.  One of the teams, the floater team, provides personnel
to all teams during member absences or when special projects are con-
ducted.  None of these teams include cage-wash personnel, but recently
the cage-wash crew has formed a team that includes cage-washers from
several buildings.  Team leaders meet with the animal care manager and
assistant manager once a week for 1-2 hours.  Team suggestions and
comments are discussed at these meetings, and planning, analysis, and
decision-making are based on those suggestions and comments.

Each team has a permanent and a temporary team leader.  The tem-
porary team leader is a husbandry technician who has shown promise as
a leader and who would like the opportunity to assist in leading the team.
Both the permanent and temporary team leaders’ duties include training
of team members, communicating with investigators, ensuring sufficient
supplies, and timekeeping.  The temporary-team-leader position rotates
every few months, and this provides an opportunity to groom technicians
to assume permanent leadership responsibilities.  Both team leaders also
have daily animal care duties.

Each team meets for a few minutes each morning and has a longer
scheduled meeting every 2 weeks.  At the morning meetings, adjustments
are made in the daily schedule for each team member, especially if some
members are absent.  At the longer meetings, each team member has an
opportunity to place items on the agenda for discussion; the animal care
manager, a veterinary technician, a veterinary clinician, and the director
or an assistant director usually attends these meetings.  The agenda items
cover a wide array of topics ranging from animal care standard operating
procedures to financial and administrative planning.  Team members are
encouraged to speak out with no fear of punishment.  There is a strong
effort to establish consensus regarding new procedures and practices that
the team might implement.

The team as a unit is responsible for all aspects of animal care in the
facility or facilities assigned to the team.  Workload is apportioned to the
members of the team through mutual consent of the members.  Requests
for additional personnel come from the team.  Each member has a stake in
the successes or failures of the team, and all members participate in prob-
lem solving when new challenges or opportunities are placed before the
team.  As team management concepts have become more accepted, man-
agers, team leaders, and animal care staff have undergone shifts in out-
look that have strengthened and streamlined animal care.  The managers
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and team leaders see themselves as leaders and coaches more than as
managers and controllers.  The animal care technicians see themselves
more as partners that are empowered to shape the work.  Problem solving
has become a unifying experience, and the teams have taken on a more
customer-oriented focus.  Cooperation and participation have become
normal, and more energy is focused on meeting needs of the researchers.
Turnover rate among animal care technicians at Michigan is high for two
reasons: first, some leave to take a position that uses more of their BS
training; second, some are hired by the scientific laboratories to manage
animal-using activities.  Two years after implementation of the team con-
cept, the University of Michigan was able to reduce per diem rates for
rodents by 50%, and customer complaints dropped to less than half their
previous level.

Organization of husbandry has been so successful that several other
groups in the animal facility have also organized themselves into teams.
These groups include the veterinary medical care team, the administra-
tion team, and the institutional animal care and use office team.

The university strongly supports team management by providing
team-leader training and providing facilitators to assist teams in organiz-
ing.  The university also provides awards for the best team effort
campuswide.  The university administration sees the principal goals of
team management as respecting people and ideas, managing by fact, and
satisfying customers.

SALARIES, BENEFITS AND INCENTIVES

The 1999 ARS explored many aspects of staffing of animal research
facilities.  Animal care managers and others might find it helpful to com-
pare the survey responses to the situation in their institutions (Table 8f,
Appendix C).  In the surveyed group, the standard workweek was 39.3
hours (range, 32.5-42 hours).  The average entry-level hourly wage for
animal care staff was $9.05 (range, $6.02-$14.14).  The average annual
salary for animal care staff as a whole was $22,268 (range, $15,149-$34,000).
Fringe benefits averaged 26.6% of salary (range, 14-39%).  A possible
explanation for the observed variation is region-to-region variation in
labor availability and prevailing salaries.  At the 23 institutions where
animal care staff were all or mostly unionized (Table 8d, Appendix C),
mean direct salary was $23,697; at the 31 institutions where staff were
largely or completely nonunionized, annual salary was $21,173, a statisti-
cally significant difference (p<0.05).  In the institutions surveyed, the mean
number of vacation days for animal care staff was 15.6/year, plus 11.9
paid sick days, 9.7 paid holidays, 0.9 other recess days, and 1.6 personal
days, for a total of nearly 40 days/year.
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Recruitment and retention of animal care technicians have become
major issues for most institutions.  Animal care managers were asked
(1999 ARS) to rank a variety of factors that were potentially important in
recruitment and retention of personnel as high, moderate, low, or no
importance (Table 8g, 8h, Appendix C).  For recruitment of animal techni-
cal staff, starting salary and earning potential were ranked as highly or
moderately important in 68% of the 53 institutions that used mice, while
benefits were highly or moderately important in only 25% of institutions.
Recruitment of trained, experienced staff members was seen as highly or
moderately important by 66% of the 53 institutions.  Job responsibility,
career opportunities, regional competition, and geographic location were
highly or moderately important in recruitment in 53%, 60%, 57%, and
42% of the institutions, respectively.

With respect to retention of animal care technicians, animal care man-
agers rated earning potential as the most important factor (70%) followed
by career opportunity (65%), regional competition (62%), working condi-
tions (53%), and benefits (25%) (Table 8i, 8j, Appendix C).  Retention of
animal care technicians is important because well-trained, experienced
animal care technicians are key to a program’s ability to deliver efficient
and quality service.  High turnover ratios are expensive because of high
training costs and lack of productivity of newly hired technicians.

OUTSOURCING ANIMAL CARE SERVICES

Outsourcing, the use of leased labor, is used as a strategy in some
organizations to attain labor-cost savings and unburden internal adminis-
trative, supervisory, and regulatory systems.  Only three of the institu-
tions participating in the 1999 ARS reported having experience with out-
sourcing, so the evaluation of this strategy as an effective cost-containment
method is not possible.  Use of outsourcing is more widespread among
government agencies that have animal care and use activities and in the
industrial laboratory animal sector.  The benefit of this approach is that it
allows an institution to maintain a specialized labor pool with defined job
qualifications, higher commitment and productivity, and lower turnover
rates than might be achieved through internal administrative-personnel
recruitment and development mechanisms (Houghtling 1998).  There are
anecdotal reports that—through skillful contract negotiation, clear bench-
marking, and careful attention to approval of overtime requests—institu-
tions have been able to effect substantial labor-cost savings and assemble
an effective and well-qualified workforce by outsourcing.  However, pub-
lished information on this approach in the laboratory animal industry is
insufficient to support a recommendation.
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SUMMARY

In summary, the major findings and opinions expressed in this chap-
ter are as follows:

• Most institutions maintain and subsidize a critical administrative
nucleus of professional veterinary and/or management personnel in-
volved in program oversight.  The data from the 1999 ARS did not permit
the evaluation of the administrative configurations against program qual-
ity performance measures.  The vacancy rate for these positions was
16.7%, suggesting the need for enhanced development, recruitment, and
retention efforts to ensure sound program leadership.

• Large mouse-based animal care and use programs are able to oper-
ate with higher ratios of technical staff to animal care management staff
and so to realize an economy of scale in managerial staffing.

• Inhouse training was the predominant mode (89%) used for pre-
paring the workforce among the institutions participating in the 1999
ARS. Certification at some level by the American Association for Labora-
tory Animal Science was more prevalent among management positions
(72%) than among technical positions (24%).

• The application of the team management approach (University of
Michigan study) suggests that institutions should be encouraged to apply
modern management techniques to enhance investigator (customer) sat-
isfaction, improve employee performance and involvement, and poten-
tially reduce costs.  This approach may be more easily implemented by
hiring and retaining employees with training and skills in personnel man-
agement.
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2

Laboratory Animal
Management Practices

ADMINISTRATIVE PRACTICES

Records

A good record-keeping system is important for the efficient operation
of an animal research facility (ARF).  Records that must be kept by an ARF
are of three general types, namely, animal records, financial management
records, and compliance records.  Animal records contain such informa-
tion as the source of the animal; the animal’s species, strain, gender, and
any other pertinent characteristics; the date of receipt of the animal; and
the date and nature of the animal’s final disposition.  Animal records
must also identify protocols on which the animal is used and diagnostic
and medical procedures used on the animal.  To reduce the labor require-
ment and cost of animal record-keeping, a single record may cover homo-
geneous groups of animals.  For example, a group of animals from the
same source, of the same strain, received on the same date, housed in the
same room, subject to the same diagnostic and medical procedures, and
used on the same protocol can be covered by a single record with a nota-
tion of the number of animals involved.  Basic to animal records is accu-
rate animal identification.  Animal facility management and investigators
should evaluate and agree on appropriate animal identification methods
and see that they are implemented consistently and conscientiously.  In-
accurately identified animals can lead to inaccurate data, which can lead
to the costly need to repeat experiments.
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Financial management records are necessary for cost analysis and the
recovery of ARF costs through fees for services.  These records include
census records on the number of animals per day assigned to an investi-
gator or protocol.  They must also include the billing and payment records
of investigators or protocols.  Cost analysis records include personnel
activity reports or other data for allocating salaries and wages to animal
categories, space use records by animal category, cage-washing schedules
and the number of cages washed by animal category, the quantities and
costs of supplies used by animal category, and the cost of animals pro-
cured.  Additional records might be necessary for accurate cost analysis,
and the reader is referred to the Cost Analysis and Rate Setting Manual for
Animal Research Facilities (CARS Manual) (NIH 2000 or http://www.ncrr.
nih.gov/) for such information.  Data collected for cost analysis should be
examined to see whether they reveal opportunities for cost containment.
For example, personnel activity reports could reveal inefficient assign-
ment of personnel, and revision of assignments could lead to cost savings.

Compliance records are those required for compliance with the Ani-
mal Welfare Act, the Public Health Service Policy on the Humane Care
and Use of Laboratory Animals, and any other applicable laws and regu-
lations.  Included in these records are those of protocol reviews and ap-
provals, numbers of animals and species approved and used for a proto-
col, and reviews of animal care and use programs and facilities.  Also
pertinent are occupational health, faculty and staff training, and facility
security records.

Records are essential but can be a substantial cost item for an animal
research facility.  The institution must give thought to the type and format
of records and the intended uses of the data collected.  Data should not be
collected and recorded unless the institution foresees a need for the infor-
mation.  Similarly, records should not be retained beyond their useful life.
Note that some compliance records must be retained for 3 years after
termination of the research project.  There is a large amount of interrela-
tionship among the records kept by an animal research facility.  For ex-
ample, the number of animals procured and assigned to a protocol needs
to be entered into animal records, financial management records, and
compliance records.  Because of this interrelatedness, the institution
should set up a system of interrelated databases to minimize data entry.

Cost Accounting

Cost accounting is very important for the efficient and cost-effective
operation of an ARF.  The facility should have a system of cost accounting
like that described in the CARS Manual.  This manual sets forth a method
whereby an ARF can allocate its costs to specific animal categories and
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service activities.  The total costs associated with an animal category or
service divided by the number of animal days or service units yields per
diem or service unit costs.  The manual contains a discussion of how such
unit costs can be used to determine fees charged to users.  Fees deter-
mined by these methods can be explained to any interested investigator.
Investigator understanding of the costs involved in the care of their re-
search animals generally leads to a greater acceptance of those fees.  Fees
based on cost accounting are more readily justified to sponsors of re-
search.  The cost analysis and related statistical data also will assist an
institution in comparing the costs and benefits of various services and
activities and have the potential for identifying how cost savings might be
achieved.  Cost records can also be used to develop cost consciousness in
the entire staff.  A sense of pride in being part of an efficient facility is a
useful element in controlling costs.  The major cost components of animal
care are listed in Table 1.

Almost all institutions have a system of charges for services to sup-
port their animal research facilities.  As noted in the CIC study, nearly all
institutions provide supplemental support from institutional funds.  Per
diem charges for animal care generally include housing, husbandry, cage
sanitation, and maintenance of census records; in most institutions, rou-
tine medical care is also included.  Routine veterinary medical care in-
cludes rodent health surveillance (sentinel animals, bedding transfer to
sentinels, serology, and necropsy), disease diagnosis, physical examina-
tion of nonrodent mammals on arrival, response to medical emergencies,
clinical and anatomic pathology support of diagnosis, and pharmacy
stocking and maintenance.  At the University of Michigan, each of these
activities is attributed to an animal species in proportion to use of the

TABLE 1 Relative Components of Animal Care Per Diem (1999 ARSa)

Component Fraction of Per Diem Cost, %

Husbandry 51
General and administrative 15
Cage washing and sanitation 12
Maintenance and repair 6
Health care 5
Laboratory services 4
Technical services 2
Transportation 1
Training 1
Receipt/processing 1

aTaken from Table 20b, Appendix C.
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activity for the purpose of setting the veterinary service fee (VSF) portion
of the per diem.  Every investigator at the university pays the daily VSF
for his or her animals no matter who provides the daily care.  For ex-
ample, in the 1999 ARS, 74% of the institutions included support for rou-
tine rodent medical care in their per diems, and the remainder had a
special fee (Table 14a, Appendix C).  However, 63% of the institutions had
a special fee for therapy of protocol-related disease.  Institutions fre-
quently provide a range of technical services on a fee-for-service basis:
42% had special fees for rodent euthanasia, 49% for rodent identification,
55% for rodent special diets, 56% for rodent breeding, 76% for rodent
restraint, 89% for specimen collection, 88% for compound administration,
and 76% for rodent rederivation (Table 12a, b, & c, Appendix C).  A
mixture of per diem and direct service charges makes good sense in that
the user pays for special services.

Animal Procurement

Animals of the appropriate species, genetic makeup, and quality must
be procured for research purposes.  Purchase of animals with uncertain
health and unknown genetic background constitutes false economy in
that their use can lead to inaccurate and invalid data or the necessity to
repeat experiments.  The decision to breed animals inhouse or to obtain
them from commercial sources can be made after a careful analysis of all
relevant factors.  These include the purchase and shipping costs for com-
mercial animals, the cost of inhouse breeding (including space costs), and
the reliability of animal supply and quality.

Research Services

For efficient animal research, an institution can provide central core
laboratories for a number of services rather than having individual labo-
ratories duplicate services.  These can be “free-standing” core laboratories
or be provided by a laboratory otherwise heavily engaged in that activity.

An example of one such service is cryopreservation of embryos.  It is
expensive to maintain breeding colonies of mutant mice or mice whose
genome has been genetically manipulated unless there is an immediate
need for them.  It is often desirable to maintain unique genetic material or
protect it against loss; at present, this can be done most economically by
cryopreservation of embryos, but methods for the cryopreservation of
rodent semen are also under development and might be applicable to
some models.  In the 1999 ARS, many institutions reported making
cryopreservation of embryos or sperm available (Table 16e, Appendix C).
In particular, 78% of group 3 institutions (730,000 mouse average daily
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census) reported making cryopreservation available through the animal
resource program or other internal source.  In this group, 43% of the
institutions asked the investigators to bear the expense.

It also might be desirable to establish specialized core laboratories for
other activities, including monoclonal antibody production, production
of transgenic or gene-knockout animals, characterization (by organ sys-
tem or clinical specialty) of the phenotype of induced mutations in mam-
mals, behavioral testing, histopathologic analysis, and experimental sur-
gery (Tables 16a-h, Appendix C).  Experimental surgery and, in larger
programs, histopathology services are generally provided by the ARF,
whereas other core services are generally provided by other internal
sources or an external vendor.

Physical Plant

The physical plant of an animal facility must be designed to maintain
the proper environment for the animals and to facilitate the investigative
use of the animals.  A well-designed physical plant with low maintenance
costs, providing for efficient animal care and effective use of the animals
by investigators, is an important element in controlling costs.  Admit-
tedly, there can be tradeoffs among low maintenance, efficient animal
care, investigators’ convenience, and the initial cost of construction; these
factors will vary institution by institution, and careful analysis should be
given in each situation.

There is a clear economy of scale in animal research facilities.  The
CIC study findings (Appendix B) indicated that labor productivity was
the prime driver of animal care costs.  Labor productivity was better in
larger facilities.  For example, caretaker productivity doubled when the
labor-weighted volume (adjusting for the labor component of care across
different species) increased fivefold.  When an institution had more cen-
tralized facilities, labor productivity increased.  For example, institutions
with one or two facilities had a labor-productivity index about 1.5 times
greater than institutions with 14 or more sites.  Analysis of 1999 ARS
confirmed and extended findings of the CIC study.  There were 44 re-
spondents who provided sufficient information to compute total operat-
ing cost of the facility and who listed the number of sites in their facility
by size category (<5,000, 5,000-10,000, 10,000-20,000, and >20,000 ft2,
Table 4, Appendix C).  Total facility costs were regressed on amount of
space (in square feet) in each category.  Costs in dollars per square foot
dropped from $93/ft2 in the second category (5,000-10,000) to $36/ft2 in
the third and $28/ft2 in the fourth (Figure 2).  The differences between
those values were statistically significant at p < 0.0001; the coefficient for
the smallest category was not statistically significant.  Labor productivity
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also increased as caretaker hours per room increased.  For example, labor
productivity doubled when annual caretaker hours per room increased
from 100 to 400 (CIC study, Appendix B).  Those findings support the
recommendation that animal care operations be concentrated, whenever
possible, into fewer larger sites.  Concentration of animal facilities must
be weighed against investigator convenience in having animals readily
available.

Security is a major concern for animal research facilities and can con-
stitute a substantial cost item.  The 1999 ARS indicated that institutions
had 46% of their sites protected by locks and keys, 17% by electronics, and
37% by a combination of electronics and locks and keys.  Institutions
should give careful attention to the risk of intrusion and the costs and
benefits of various security systems.  In addition to the economic costs,
institutions should recognize that the public relations and psychologic
costs of unwanted intrusions into an animal facility or research laboratory
can be substantial.

It must be recognized that the physical plant of an animal facility is a
“hard use” area.  The sanitizing materials, high traffic, heavy rolling
equipment, the active nature of animal care and use, and some animal
species themselves all exact a toll on the physical facility.  That toll and
the requirement to maintain reliable heating, ventilation, and air condi-
tioning, electric systems, and sanitation and sterilization equipment dic-
tate the need for constant maintenance.  It is frustrating to the animal care
staff, inefficient for operations, and a detriment to quality research when
aspects of the physical plant underperform or require frequent mainte-
nance.  A well-maintained physical plant in which all systems operate
reliably contributes to cost-efficient animal care.

Nearly all institutions use 100% outside air with no recirculation.
Because the air is conditioned (heated and humidified or cooled), not
recirculating the conditioned air is expensive. According to the Guide,
some recirculation is possible if the recirculated air is appropriately treated
to remove microbial and chemical contaminants. Another method of en-
ergy recovery is to use heat exchangers to partially heat or cool the incom-
ing outside air.

ANIMAL HUSBANDRY

Mouse Husbandry

The current methods of mouse husbandry were given considerable
attention in the 1999 ARS in acknowledgment of the emerging promi-
nence of mouse models in contemporary biomedical research.  Nearly all
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institutions (98%) were housing some mice in microbarrier cages.  Only a
single small institution had not implemented microbarrier housing.

Most institutions (67%) were using some individually ventilated
cages.  More large institutions (79%) were using these cages, whereas only
52% of smaller institutions were using this newer labor-saving cage sys-
tem.  Table 11a-11d, Appendix C, contains information on the 53 institu-
tions with a mouse average daily census of more than 1,000.

Automatic watering systems for mice have been controversial both
because some mice develop dehydration if unable or untrained to ma-
nipulate the valves properly and because cages can be flooded if an auto-
matic valve leaks or is continuously manipulated by the mice.  Only 41%
of the surveyed institutions had any automatically watered cages (Table
11a, Appendix C).  Fewer group 1 (32%) and group 3 (29%) institutions
used automatic watering systems than group 2 (67%) institutions.  The
1999 ARS did not explore the role of such factors as cost, customer satis-
faction, criteria for selecting a particular system, ease of sanitation, effi-
ciency of operation, and intensity of oversight necessary to ensure proper
function in the decision to deploy these systems.

Some institutions house mice in microbarrier cages but do not use
HEPA-filtered change hoods for transferring mice to clean cages.  The
percentage of mice changed in HEPA-filtered change hoods averaged
55% in small institutions, 76% in medium institutions, and 61% in large
institutions (Table 11a, Appendix C).

Microbarrier cages are changed more frequently than open-top cages
because of ammonia accumulation.  The average interval between changes
in microbarrier cages was 5.4 days in small institutions, 4.6 days in me-
dium institutions, and 5.9 days in large institutions, with a range of 3-7
days (Table 11a, Appendix C).  The survey showed that cage-changing
was less frequent in individually ventilated cages; however, the mean
interval between cage changes was much smaller in practice than com-
monly advertised for these systems.  The mean interval between cage
changes in individually ventilated cages averaged 8.2 days in small insti-
tutions and 8.9 days in medium and large institutions; the range for all
institutions was 3.5-14 days.

A summary of the CIC study findings (Appendix B) indicated that the
cost of animal care is lower in rooms that house larger numbers of ani-
mals.  In the 1999 ARS, institutions were asked about the maximal num-
ber of adult mice that were permitted in their standard shoebox cages
presumed to provide about 70-75 in.2 of floor space.  Most institutions
(66%) permitted five mice per cage; 29% permitted only four mice per
cage (Table 11b, Appendix C).

The average number of mouse-cage racks in a room was 4.1; the range
was 2-8 (Table 11b, Appendix C).  In these institutions, respondents were
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asked about the minimal aisle width that they recommended between
racks.  The average of the responses was 3.1 ft; the range was 0.5-8 feet.  In
the experience of the members of this committee, few animal care techni-
cians or research technicians are comfortable in performing animal room
duties in aisle widths below the mean reported in the ARS; this is also
reported in the case study in this report (Chapter 4).  The consensus of the
committee was that room design, ergonomic considerations, heating, ven-
tilation, and air conditioning capacity to maintain appropriate ambient
air conditions should be evaluated by each institution to preserve a high-
quality work and research animal environment before pursuing higher
room capacities as a strategy for cost containment.

To reduce expenses, facility managers are exploring different meth-
ods of sanitizing mouse cages.  The 1999 ARS (Table 11c, Appendix C)
indicated that 81% of the institutions were autoclaving their microbarrier
cages, 49% were autoclaving their individually ventilated cages, and only
8% were autoclaving their open-top conventional cages; 19% only auto-
claved cages used for immunodeficient mice; and a few (8%) used hot
water without detergent to clean cages before autoclaving them.  The type
of cage washing and autoclaving used by an institution will depend on
the microbiologic status of the mice housed in the facility.

Various methods of bedding disposal were used (Table 11d, Appen-
dix C).  Most institutions (75%) disposed of soiled bedding in a landfill,
26% disposed of soiled bedding by incineration, and 21% disposed of
some soiled bedding in the sanitary sewer.  Nearly all institutions dis-
posed of animal carcasses by incineration; only 8% reported landfill dis-
posal.

Cost Containment

The scope of animal-husbandry activities required to support bio-
medical research is extremely diverse because of the wide variety of ani-
mal species used and the requirements of the varied research being per-
formed.  Those factors make it difficult to identify cost-saving measures
that will apply universally.  Some general observations regarding cost
considerations and potential savings are presented here with respect to
common areas of animal husbandry, such as cage sanitizing, watering,
environmental enrichment, purchasing supplies, and acquiring animals.

Cages and Cage Processing

Transferring animals to clean cages and sanitizing primary enclo-
sures constitute the bulk of physical labor required to support research
facilities that have large rodent populations.  It is important to schedule
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these activities carefully so that staff changing cages have clean cages and
equipment (water bottles, cage tops, card holders, and so on) as they are
needed and staff washing cages can plan activities in the wash room.
Several innovations show promise for minimizing costs associated with
these husbandry requirements.  Individually ventilated cage (IVC) sys-
tems provide cost savings by decreasing the frequency of cage changing
(Perkins and Lipman 1996; Reeb and others 1998) and by increasing the
number of cages of animals housed per square foot of facility floor space.
These systems are increasingly popular and are now widely used.

Of the 63 institutions participating in the 1999 ARS, 30 reported expe-
rience with the use of IVCs for laboratory mice.  Of those 30, 21 reported
that IVCs permitted an extension of the cage-changing interval (Table
11a, Appendix 3).  In most cases, this was from twice a week to once a
week, but nine institutions were able to achieve an interval of 10-14 days.
Thus, IVCs appear to have the ability to reduce labor costs by increasing
the total number of cages that a technician can service over a given inter-
val by a factor of 2-3.  In a case study provided by Emory University,
where changing frequency for a cage of nonbreeding mice went from four
times in 2 weeks to once in 2 weeks, the number of cage units serviced per
worker per week increased from 780 to 2,000 (personal communication,
M.J.  Huerkamp).  This ratio excludes workers dedicated to cage washing
and excludes supervisory personnel.  However, an appreciable cost sav-
ings in labor, material, and cage replacement resulted that was reflected
in lower per diem charges to investigators.

IVCs appear to be suitable for many facility settings and warrant
consideration as a method of cost containment in programs that deal with
large populations of laboratory mice.  The type of contact bedding used in
static isolator cages can affect the microenvironment; some bedding types
show a significant difference in how long it takes ammonia to reach unac-
ceptable levels (Perkins and Lipman 1995).  Use of IVCs and certain types
of bedding might allow animal husbandry programs to decrease the cage-
changing frequency and still have an acceptable microenvironment.  The
reduction in labor required to process cages can be significantly reduced
and have a major cost saving impact on facilities housing large numbers
of rodents.

IVCs can also house many more rodents per square foot of facility
space than the traditional method of using shelf racks and standard shoe-
box cages.  This can provide considerable savings in construction costs by
reducing the area of the vivarium needed to house a particular number of
rodents and the ensuing costs of operating the physical plant (Lipman
1999).

The cost of sanitizing caging and accessories involves more than just
wages of personnel who perform the labor.  The cage-washing area has



28 STRATEGIES THAT INFLUENCE COST CONTAINMENT

inherent liabilities associated with the presence of various chemicals,
steam, and conditions that can lead to repetitive-motion injuries of per-
sonnel.  Introduction of robotics to handle repetitive procedures in the
cage-washing area is a recent advance in long-term cost-saving measures.
Robotic arms have been designed to process polycarbonate rodent cages
through an indexed tunnel washer, working on both dirty and clean sides
of the cage-washing apparatus.  Robotic technology offers the possibility
of substantial long-term cost savings for biomedical research facilities
because of its long service life, low maintenance requirements, and the
elimination of disability claims in connection with cage washing-related
injuries.  Whether or not robotics are used for cage washing, automatic
dispensers to refill cages with bedding are a useful labor-saving device.
As with any investment in labor-saving equipment the institution should
compare the labor savings with the cost of the equipment to determine
whether the investment is justified.

Newer, more durable polymer plastics are available for rodent cages,
with a cost that increases as the strength and durability of the plastic at
high temperature increase.  High-temperature-resistant plastic rodent
cages are superior to standard polycarbonate cages in maintaining trans-
parency and resisting formation of microfissures under conditions of fre-
quent autoclaving (Agee and Swearengen 1995).  Facilities that require
frequent autoclaving of rodent cages, such as biohazard facilities or ro-
dent barriers, might find that the more durable high-temperature plastic
cages, which cost more, would result in savings over time.

Water-Delivery Systems

Although automatic watering systems are a labor-saving device, most
mice housed in a variety of cage types in biomedical research facilities are
provided water via bottles.  When water bottles are used, steps can be
taken to maximize efficiency and minimize repetitive-motion injuries as-
sociated with manipulating large numbers of the traditional water bottles,
sipper tubes, and stoppers.  Ergonomically designed tools are available to
remove sipper tubes from rubber stoppers and reinsert them later.  Water
bottles with screw caps or with weep holes (drilled bottles) eliminate the
need for rubber stoppers and the effort needed to insert them into bottles,
which is considerable.  The use of bottle holders with retainer lids that
hold several water bottles at once makes dumping and handling of water
bottles easier and reduces operation time.

Purchase and Management of Material

Supplies purchased for use in animal care and use programs should
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comply with the provisions of the Guide for the Care and Use of Laboratory
Animals.  Although supplies account for only a relatively small portion of
the budget of an animal facility (about 11% at one major research institu-
tion), some cost savings are possible.  Here we describe some of the alter-
native strategies that can be used by animal facility managers to contain
supply costs.

Food and bedding are likely to account for a high proportion of the
supply costs.  Specialty foods can be expensive and should be clearly
identified and used only for the purpose defined.  Bulk ordering of food
and bedding permits obtaining bids on these items and can substantially
reduce per-unit cost.  However, bulk ordering presents problems for some
institutions.  Storage of items in bulk requires space, which often must be
specifically designed for the items being stored, such as food.  Many
institutions have multiple animal facilities; in these cases, distribution
costs will need to be considered.

Cleaning supplies might also be appropriate for bulk purchase but
are subject to the same considerations as food and bedding.  Newer facili-
ties have 400-gallon tanks for cage-washing detergent to take advantage
of this cost-saving opportunity.  Where permitted by facility design and
available space, existing facilities might consider retrofitting with equip-
ment that provides greater storage capacity to achieve cost savings.  In
addition, rack washers are now available with holding tanks that use
smaller quantities of chemicals and water.

ENVIRONMENTAL ENRICHMENT

At present, the Animal Welfare Act regulations only mandate envi-
ronmental enrichment for nonhuman primate species and thus afford
institutions the opportunity to contain costs by limiting the application of
enrichment strategies to these species.  However, there is a growing body
of literature on environmental-enrichment strategies for many of the com-
mon laboratory animal species, and the Guide (NRC 1996a) provides an
impetus for institutions to evaluate and incorporate enrichment measures
into their animal care and use program for all species where appropriate.
Indeed, many biomedical research facilities now provide environmental
enrichment to many species of research animals, including rodents.  To
minimize the resultant increase in the amount of personnel time and facil-
ity resources dedicated to these activities, the most labor-efficient devices
should be incorporated.  For example, if tunnels and other similar devices
are used in rodent cages, they should be colorless, nonopaque materials
that allow easy visualization of all the animals in the cage. This provision
will eliminate the need for additional time and effort to manipulate the
devices to permit all the animals in the cage to be seen during observation
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periods.  The 1999 ARS did not provide any information on the magni-
tude of costs borne by institutions providing environmental enrichment.
Eighteen of 52 institutions (see Table 26b, Appendix C) indicated that
they subsidized program development costs, such as environmental en-
richment, but further details were not given.

A wide variety of enrichment devices and supplies are available as
specialty items from commercial sources.  However, very good inexpen-
sive alternatives can often be made from other items on hand or from
ordinary supplies and materials that are available locally over the counter.
Taking that approach potentially carries the dual benefit of involving the
animal care staff in a creative, innovative enterprise that contributes to
animal well-being and reducing the supply costs associated with this
effort.  Health and other safety factors should be considered during the
design and use of enrichment devices to ensure that neither animals nor
personnel are exposed to additional risks.

Animal Acquisition

For animals that are commercially available, inhouse breeding for
general animal use is usually more expensive than purchasing animals as
they are needed for research studies.  Inhouse breeding is required, how-
ever, for some studies, such as research on reproductive processes and
production of knockout or transgenic animals.  About 55% of the mice
used in research are purchased from vendors (Table 2).  Larger institu-
tions purchase a smaller proportion of mice than smaller institutions pre-
sumably because of their more extensive use of transgenic, knockout, or
other unique mouse strains in research studies that necessitate inhouse
breeding.

Grouping orders can be an effective way to reduce handling and
transportation costs.  This requires coordination between the principal
investigator and the animal facility management to ensure that the ani-
mals are available as needed for the research program.

Medical Supplies

Depending on the volume of products used and other institutional
circumstances, it might be beneficial to purchase veterinary supplies in
bulk or through an institutional pharmacy to achieve cost savings.  Drugs
and biologics should be stored centrally under appropriately controlled
and secure conditions.
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Occupational Health

The Guide (NRC 1996a) calls for an extensive occupational health and
safety program that includes considerable administrative time to estab-
lish and maintain the program, to track employees, to train personnel to
establish guidelines for the use of personal protective equipment, and to
provide for periodic medical evaluation and practice of preventive medi-
cine.  Anecdotal evidence suggests that such a program is expensive, but
there are no studies of the cost of such programs. This is a subject for
further research to ascertain the total cost of such a program and its com-
ponents so that methods can be devised for cost containment.

Protective clothing and other personal protective equipment, such as
gloves, face masks, bonnets, booties, and eye-protective devices, can also
be purchased in quantity and provided to staff members as needed.  Be-
cause the cost of these disposable items can be large, some programs are
considering purchasing more durable laboratory coats, jump suits, or cov-
eralls, the most expensive components.  In some cases, these items can be
repeatedly autoclaved and recycled for reuse to reduce the overall cost.
However, the cost of personnel time to collect and autoclave these items
needs to be taken into account.

SUMMARY

In summary, the major findings and opinions expressed in this chap-
ter are as follows:

• Animal management, cost accounting, and compliance records are
essential for effective management of an animal research facility.  They
should be kept in a relational database system whenever possible.

• Animal research facilities should carry out cost analysis with such

TABLE 2 1999 ARS Mean Mouse Census and Proportions of Mice
Purchased and Produced in Institutions of Different Sizea

Average
Daily

Institution No. Census Purchased Produced % Purchased

Group 1 23 9,881 17,426 6,267 74
Group 2 16 19,855 34,722 24,042 59
Group 3 14 46,184 39,233 56,665 41
All 53 22,482 28,199 32,042 47

aTable 10a, Appendix C.
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a method as described in the CARS Manual (NIH 2000).  The cost analysis
should be examined for areas of potential cost savings and be the basis for
setting fees.

• For efficient animal research, an institution can provide core labo-
ratories for a number of services, such as cryopreservation of embryos
and semen, monoclonal-antibody production, production of transgenic
and gene-knockout animals, histopathologic analysis, and experimental
surgery.

• There is a clear economy of scale in research facilities.  Labor pro-
ductivity was markedly greater in institutions with fewer but larger facili-
ties.  Institutions should strive to centralize their animal care to as few
sites as is compatible with research use.

• Physical plant factors are an important element in the cost of op-
eration of an animal research facility.  The physical plant should be de-
signed with efficiency and long-term reliability in mind, and it should be
well maintained.

• Individually ventilated caged (IVC) systems provide a satisfactory
environment for animals with reduced frequency of cage changing.  This
results in savings in labor and supplies.  Institutions should compare the
potential savings from such systems with their cost and invest in IVCs
whenever it is justified.

• Automatic watering systems are a labor-saving device.  However,
if water bottles are used, steps should be taken to maximize the effi-
ciency of the change and filling process, such as use of automatic fillers,
use of ergonomically designed tools to remove and reinsert sipper tubes,
use of bottles with weep holes, and use of larger bottles to reduce change
frequency.

• Supply costs can be reduced through judicious selection of items
used and through bulk ordering.
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Veterinary Medical Care

Veterinary medical care is an essential component of any animal care
and use program.  The size, scope, and function of the veterinary care
program depend on the extent and type of animal care and use.  Specific
factors that influence the program of veterinary care include the number
and type of animal species, the disease backgrounds of animal species
maintained, the numbers of animals used, and the experimental charac-
teristics and requirements of the animal models necessary to satisfy re-
search objectives.  At a minimum, the veterinary medical care program
must be sufficiently robust to satisfy regulatory requirements.  Ideally, it
is comprehensive and fully integrated into the fabric of the institution,
providing demonstrable contributions to the goals of the institution, the
research programs, and the overall animal care and use program.  In the
development of a program of veterinary medical care, there are decision
points concerning staffing, sophistication of diagnostic support, and
intensity of disease surveillance, which can have considerable cost impli-
cations.

Cost effectiveness is an important concern and goal in today’s com-
petitive research environment, but quantifying the return on investment
in veterinary medical care is difficult.  For example, costs associated with
a disease outbreak or loss of animals in a specific study could be esti-
mated, but the relationship of the expected frequency of such occurrences
to the composition of the veterinary medical program is difficult to assess.
Also, relief from the boredom of repetitive tasks is often achieved by
rotating assignments among the veterinary care staff, and this further
complicates efforts to quantify and analyze cost effectiveness.  For ex-
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ample, it is not uncommon for a veterinarian to be responsible for specific
research project support, administrative duties, and veterinary medical
care responsibilities.  Understanding the potential risks (such as disease
outbreaks) of a minimal or poorly functioning program is essential to
designing a veterinary medical care program that is reasonable and cost-
effective.

An assessment of research program needs and regulatory require-
ments is critical to development of a cost-effective veterinary care pro-
gram.  The assessment should be followed by an effort to design and
establish an integrated veterinary medical care program that remains in-
teractive with the research staff and efficient in the delivery of veterinary
care while satisfying disparate institutional needs. Making periodic ad-
justments to the program in an environment of changing research direc-
tions and new technologies requires frequent interactions with key per-
sonnel in research and administration.

VETERINARY STAFFING

Compensation for professional staff can constitute the greatest opera-
tional cost for the veterinary medical care program, and portions of it are
often subsidized (Table 23a, Appendix C).  Increased numbers of spe-
cialty-trained veterinarians are being employed by research institutions
as the science and technology of laboratory animal medicine and veteri-
nary medical care advance and their value to research organizations is
increasingly recognized.  In addition, the growing regulatory burden
(NIH 1999) has increased the involvement of specialty-trained veterinar-
ians, particularly laboratory animal veterinarians, in biomedical research
institutions.  The higher cost of using veterinary specialists has prompted
some institutions to look for ways to contain cost through management
techniques such as delegation, empowerment, and teamwork to optimize
the use of talent.  Consultants and part-time employees, both veterinar-
ians and animal care staff, can also be useful in some settings if oversight
is adequate to ensure quality and regulatory compliance.

Laboratory animal veterinarians are variously employed by institu-
tions as animal care and use program directors, managers, and clinical
veterinarians.  Depending on the size and function of the veterinary care
program, one or more veterinarians might be needed to satisfy institu-
tional needs.  Veterinarians’ salaries are higher than those of other veteri-
nary support personnel, so institutions should make use of the veterinar-
ians so as to take full advantage of their professional competences while
technical and administrative duties are delegated to lower-paid employ-
ees (Gehrke and others 2000).  Veterinary residents and certified labora-
tory animal and veterinary technicians can be used as an effective exten-
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sion of the veterinary medical staff, as noted in the CIC Study (Appendix
B).  In addition, in circumstances where a veterinarian is required only
part-time, institutions can choose to use consultants, share positions with
other institutions, or use the veterinarians’ professional competences in
research or research-support activities.  In the latter case, collaboration
between the veterinary staff and the research staff might translate into
cost savings for both because a veterinarian would provide skilled assis-
tance while performing required oversight.

Important factors in determining the appropriate level of staffing of
veterinarians are the mix of species, the presence or absence of a surgery
program, and the use of animal models that require intensive veterinary
oversight and assistance because of experimental complications, invasive
procedures, or spontaneous disease.  Rodent-only programs might re-
quire less clinical veterinary support than programs that use larger spe-
cies or involve animal models entailing surgery or other invasive ma-
nipulations that affect animal health and welfare. In the committee’s
experience, many institutions are finding that transgenic animals require
more veterinary support than standard rodent models to deal with breed-
ing issues, health problems associated with unique phenotypes, and the
requirement for closely observing the animals for unusual health and
animal husbandry problems.  In addition, these animals are extensively
exchanged among investigators within the country and internationally,
increasing the requirement for clinical and diagnostic health assessment
programs.  Veterinary medical care requirements for surgery-intensive
programs include such services as preoperative and postoperative care,
diagnostic services, treatment, surgery, and specialized facilities and
equipment.

TECHNICIANS

Trained and highly competent technicians are increasingly viewed
by institutions as required for efficiently delivering veterinary medical
care services in support of higher-paid veterinarians.  Many institutions
have minimized costs, maximized the use of personnel, and provided
valuable career opportunities by delegating responsibility for perform-
ing a wide variety of standard veterinary techniques—and advanced
research and surgical assistance—to talented and technically proficient
veterinary technicians.

DIAGNOSTIC LABORATORY SUPPORT

Clinical pathology laboratory support is a critical component of a
high-quality veterinary medical care program.  Involving a laboratory-
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animal-trained veterinary pathologist enhances the quality of such labo-
ratories.  Hematology, biochemistry, parasitology, microbiology, and his-
topathology laboratory services are necessary for disease diagnosis, health
surveillance, vendor animal health assessment, and research support.  The
type and volume of diagnostic laboratory support depend on a variety of
factors, including program size, species mix, surgical load, source of ani-
mals, and research-support requirements.  Institutions must decide, on
the basis of cost and quality, whether services should be developed inter-
nally, referred to outside contract laboratories, or a combination of the
two.  Inhouse laboratories are generally more responsive and can be tai-
lored to the species being used.  However, startup, staffing, and space
costs can be considerable.  In contrast, contract laboratories, although not
always able to be as responsive as inhouse laboratories, can often deliver
services at a lower cost because of economies of scale and a broader test-
ing repertoire.  There are some inherent shortcomings in some contract
laboratories, including availability in the region of the facility, unfamiliar-
ity with animal specimens or animal diseases, and quality control.  Appro-
priate quality control should be exercised if the results are to yield high-
quality research data.

For most small to medium institutions, a combination of minimal
inhouse laboratory support with the use of outside contract diagnostic
laboratories is most cost-effective.  Another option is to share resources
among several institutions; this results in cost savings and improves pro-
gram quality.  In large institutions, a dedicated laboratory that is appro-
priately staffed and equipped might be cost-effective and more respon-
sive.  Technologic advances have led to kits for rapid, inexpensive inhouse
serologic testing for common rodent viruses and a variety of other assays,
allowing smaller institutions to perform some of their own laboratory
testing cost-effectively.  Many institutions have also found it possible,
with little investment, to augment existing research or hospital laborato-
ries and use existing personnel to meet their laboratory animal needs
while decreasing overall costs.  The optimal approach or combination of
approaches can be determined only through careful case-by-case analysis.

HEALTH SURVEILLANCE

An appropriately designed animal health assurance program ad-
dresses prevention, control, and treatment of animal disease.  The increas-
ingly widespread availability and use of microbiologically defined ani-
mal models and the growing recognition of the confounding microbial
effects of infections and other diseases has created a substantial demand
for health-surveillance programs that monitor the microbiologic status of



VETERINARY MEDICAL CARE 37

laboratory animal populations.  Also, there is a need to determine the
microbiologic status of tumors, cell lines, and other products of animal
origin that might be injected into research animals.  Cost components
include salaries for veterinarians and technicians and laboratory costs for
diagnostic and surveillance testing.  Researchers are increasingly sharing
animals among institutions—animals that could have an unknown health
status. This practice has led to an increased need for health surveillance.
As animal-housing technology and facility design improve, the mainte-
nance of disease-free, microbiologically defined animals has become a
nearly universal standard of care, increasing the importance of disease
surveillance (NRC 1996, pg. 27-30).

The planning of health-surveillance programs must include identifi-
cation of the target populations, definition of program elements, fre-
quency of testing, and methods to be used (NRC 1996, pg. 85-113).  Each is
evaluated in the context of the species, sources, facility design, and hous-
ing conditions; and an approach for each set of circumstances should be
determined.  Once the target populations are identified and specific pro-
gram elements—such as vendor surveillance, disease prophylaxis or vac-
cination, routine observation and reporting, microbiologic monitoring,
and histopathologic examination—have been identified, the more diffi-
cult task of determining the frequency of testing and the preferred meth-
ods must be resolved.  Health surveillance is expensive, and many institu-
tions strive to develop a cost-effective program.  In particular, the cost of
sampling a statistically significant portion of the total population in a
surveillance program is often prohibitive.  Detecting disease in micro-
barrier caging systems requires sampling nearly every cage over time by
the transfer of bedding to sentinel cages.  Consequently, after a careful
and informed analysis of risk, staff might opt to reduce costs by lowering
the frequency of testing or using less-expensive screening tests initially
and then more definitive and more expensive tests as deemed necessary.

SUMMARY

In summary, the major finding and opinions expressed in this chapter
are as follows:

• Veterinary medical care programs should be carefully designed to
maximize use of the specialist’s time by using managers, visiting resi-
dents, and certified laboratory animal veterinary technicians.

• The level of veterinary medical care depends on the species mix,
size of surgery program, and complexity of animal models used in
research.
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• Diagnostic laboratory support is a critical component of the veteri-
nary medical care program and can be provided by inhouse laboratories,
contract laboratories, or a combination of the two.

• A well-designed health-surveillance program that ensures higher-
quality animals is critical to obtaining accurate research results.  The sur-
veillance program must be appropriate to needs yet contain costs.
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Integration of Design, Equipment,
Operation, and Staffing:

A Contemporary Case Study

The characteristics of physical facilities for housing animals have not
changed substantially in the last 10 years.  Room sizes, corridor systems,
cage and rack systems, finishes, and physical labor have changed little.
The ability to genetically alter mice has led to exponential population
growth and changes in the physical environment for their care.  The im-
petus for the change is the value of these genetically altered animals,
rising operational and per diem costs, and the difficulty in attracting and
retaining highly qualified animal care staff.  Four of the top 10 medical
schools (in terms of grant money) have mouse populations exceeding
25,000 cages and have become mouse research and breeding facilities and
yet contain no automation.

With proper facility design, cost-effective care of large mouse colo-
nies and attendant sanitation of cages and racks can be achieved.  At the
new 55,000-cage mouse facility of Baylor College of Medicine in Hous-
ton, Texas, the FY 2000 per diem rate of $0.31/cage (without a filter top)
is projected to be reduced when the new $40 million facility is occupied
by the middle of 2000.  The initial investment is to be recovered from per
diem charges.  (Note that all prices are in year 2000 dollar amounts and
are given for illustrative purposes only; actual prices can vary.)  Proper
facility design, although requiring a large capital investment, should re-
duce per diem costs.  Many of the lessons learned from designing animal
facilities to house 20,000 or more mouse cages cost-effectively can be
adapted to smaller facilities.  The Baylor College of Medicine project is
referenced many times in this section because of the emphasis spent on
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reducing costs through life-cycle cost analysis, innovation, and adapta-
tion.  It should be noted that many of the projected costs and cost savings
are estimates made during the design phase. Actual results will be known
several years after this project is completed.  The detailed analysis is
presented here to highlight the necessity for a comprehensive planning
process and the need to define goals and set targets.  The design team
should include the facility director, facility manager, researchers, and
representatives of the animal care staff who bring day-to-day front-line
experience.

With direct labor representing 50-65% of operating costs, investment
in technology that reduces staff or makes current staff more efficient is
critical.  The committee’s recommendations are organized around physi-
cal and operational issues.

VENTILATED RACKS

Many institutions have used ventilated microisolator cage and rack
systems to extend cage-changing intervals from twice a week to once a
week or once every 2 weeks.  This extension of the cage-changing interval
could allow a doubling of the mouse-cage census without substantially
increasing the number of staff involved. Lengthening cage-changing in-
tervals also decreases the load for the cage-wash centers because each
cage is washed less frequently.  (However, since laboratory animal care
technicians also clean rooms, take censuses, receive animals, and support
area management, material transport, training, and meetings in addition
to cage changing, it should not be expected that halving the cage-chang-
ing frequency will lead to a doubling of productivity.)  The capital invest-
ment in ventilated micro-barrier cages and racks is substantially larger
than in static microbarrier housing systems.  For example, a 126-cage
ventilated rack with water bottles costs 139% more than a double-sided
static rack, and a ventilated rack with automatic watering costs 230%
more.  However, site-by-site comparison of these cage and rack systems,
considering total operational costs (equipment, sanitation, personnel, and
space), typically indicates, on the basis of committee experience, a pay-
back period of under 5 years for the higher initial investment.  Payback
periods will vary considerably, depending on the current and projected
cage-rack systems, cage-changing frequencies, use of water bottles or
automatic watering, mechanical HVAC capacity, room size and configu-
ration, and volume equipment discounts.  For some large operations, the
payback period is not an important consideration, because hiring and
retaining sufficient staff are difficult during a tight labor market.  Unless
an institution plans to extend the cage-changing frequency substantially
(for example, from once a week to once every 2 weeks) or increase the
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density of cages per rack (from 84/rack to 126/rack or 140/rack, for a 50%
or 67% increase), using ventilated racks might not be warranted.  Besides
the high initial cost of ventilated racks, drawbacks include poor visibility
into the cage, the ergonomic stress involved in viewing the bottom and
top shelf, and rack weight.  Recent modifications, such as rear-mounted
feeders and shelf-free rack designs, have improved cage visibility.  Ergo-
nomic access can be addressed by assuming 80% and 90% rack use with
140-cage (top and bottom shelf) and 126-cage (bottom shelves) ventilated
racks, respectively.  With such rack use, the bottom or top row of cages (or
both) can be used to temporarily accommodate extra caging or expansion
without an increase in floor space.  Ventilated racks are heavy—typically
1,000 lb or more when fully loaded.  Designing a room where only mini-
mal rack movement is required or increasing the caster diameter from a
standard 5 in. to 8 in. can assist with the weight issue.  In planning new
facilities with ventilated racks and 2-week cage-changing intervals, it
should be assumed that 10-20% of the cages will be changed once a week
to accommodate special mice strains, such as mice with naturally occur-
ring or experimentally induced diabetes.

VENTILATED-RACK SUPPLY AND EXHAUST

Ventilated racks can be configured with integral HEPA supply and
exhaust blowers or connected to a building supply and exhaust.  Venti-
lated racks that do not capture exhaust are not recommended, because
heat, allergens, and odors can be returned into the room unless the ex-
haust is HEPA-filtered.  Institutions using large ventilated racks can profit
from direct connection to a building HEPA supply and be nonfiltered (or
filtered, depending on location and application) because of cost savings,
ventilation redundancy, and lower maintenance costs.  At Baylor College
of Medicine’s new facility, the decision to build a HEPA-filtered building
supply system instead of using individual rack systems saved over
$16,000/room (supply and exhaust HEPA blowers would cost $2,500/
rack, and each room has nine racks, for a cost of $22,500/room; but build-
ing supply, exhaust, and ductwork cost only $6,500/room).  With indi-
vidual rack systems, if the blower fails, ventilation rates revert to a static
state.  Using building systems with redundant supply and exhaust units
on emergency power allows uninterrupted ventilation to each rack.  For
more information on ventilated racks, see Lipman (1993).

AUTOMATIC WATERING

A 16-oz water bottle in a microisolator with four to five mice in it will
not be sufficient for 2 weeks.  Extending cage-changing frequencies to



42 STRATEGIES THAT INFLUENCE COST CONTAINMENT

once every 2 weeks requires automatic watering, weekly changing of the
water bottle, or a larger water bottle (28-30 oz).  Many institutions using
ventilated racks with a 2-week cage-changing frequency use automatic
watering.  Early automatic watering systems with the valve attached to
the cage were prone to leaks or mouse dehydration because of improper
docking of the valve.  On the basis of committee experience, recent auto-
matic watering systems with the valve attached to the cage, if docked
appropriately, perform as well as water bottles.  Replacing cages on the
rack requires priming of the valve by cage-changing personnel and re-
searchers.  Automatic watering systems with the valve attached to the
rack do not require priming but should be wiped with a disinfectant
before cage replacement to prevent cross contamination.  Changing stan-
dard 16-oz water bottles weekly and cages every 2 weeks might be prac-
tical, especially where the water bottle is outside the cage.  At Baylor
College of Medicine, investigators’ rejection of automatic watering neces-
sitated redesign of the low-profile microisolator top to accommodate a 28-
oz water bottle and a 2-week cage-changing frequency.  Baylor conducted
clinical trials by acidifying the water to a pH of 2.3 and confirmed that the
28-oz water bottle did not exhibit bacterial or fungal growth in 14 days
(Robert Faith, personal communication).  Water bottles pose serious labor
and ergonomic issues for an animal facility.  Uncapping, washing, filling,
recapping, and sterilization are time consuming and labor intensive and
can lead to repetitive-motion injury.

UNIVERSAL ROOM DESIGN

An animal housing and research room (AHRR) size of 16 × 22 ft can
accommodate a wide variety of racks, pens, and species.  Mouse AHRRs
with an average of two mouse cages per assignable square foot (ASF) are
considered to have high density (Table 3).

At Baylor College of Medicine, researchers rejected the typical six
double-sided mouse racks arranged library-style because only 3 feet was
left between the faces of racks, necessitating movement of the 1,200-lb

TABLE 3 Number of Cages per Square Foot by Percent Rack Usea

Fraction of No. Cages per
Racks Used, % Total No. Cages Square Foot

80 672 1.91
90 756 2.15
100 840 2.39

aAssuming 16 × 22-ft or 352-ft2, room with six 140-cage racks.



INTEGRATION OF DESIGN, EQUIPMENT, OPERATION, AND STAFFING 43

ventilated racks during cage-changing and procedures on the animals.
Breeding rates in some mouse strains were reduced when racks were
moved (Robert Faith, personal communication).  In response to those
issues, the room was configured with three single-sided racks against
each 22-ft wall and three double-sided racks down the middle.  The six
single-sided racks and three double-sided racks yielded the equivalent of
six double-sided racks with 5-ft between the faces of racks.  If the 5-ft aisle
is used as procedure space and cage-changing space, the ventilated racks
are only moved two to four times per year for washing.  During cage-
changing, an animal transfer station is moved down the 5-ft aisle, bring-
ing the transfer station to the cage, in contrast with what happens with the
library style configuration, in which cages are brought to the transfer
station.  Single-sided ventilated racks cost 75% as much as double-sided
racks, and the drawback to this design is higher equipment costs.  In the
Baylor College of Medicine project, this rack arrangement resulted in an
increased cost of equipment of about $18,000/room, or a total increase of
about $1 million.  This increase was thought justified because it makes the
room much more user friendly to research staff and animal husbandry
staff.  The increased efficiency and reduction of injuries resulting from not
requiring movement of heavy racks for cage changing or experimental
manipulation of animals will quickly pay back the additional cost.  From
the 1999 ARS survey, the average for cage-changing per person for group
2 and 3 institutions ranges from roughly 400 cages per week for individu-
ally ventilated cages to 800-950 cages per week for other types of caging
(see Table 8l-n, Appendix C).  Most institutions used a change station for
microisolator cages and for individually ventilated cages.  Baylor College
of Medicine expects at least 300 cages/day per person (roughly 1,500/
week) with the revised rack layout and new transfer-station design, re-
sulting in 20-50% increase in productivity per cage changer.  Experience
will test that expectation and will reveal any ergonomic problems that
arise.  Room mockups were useful in choosing the final room size and
layout.

ANIMAL TRANSFER STATIONS

Transfer stations may be clean-air workstations or biologic safety cabi-
nets with a 10-in. or 12-in. sash opening on one side.  The restricted sash
opening affects cage-changing frequency and has historically limited cage
changes to 200-250 cages/day per person.  Some institutions use worksta-
tions with two sash openings(front and back.  At Baylor College of Medi-
cine, a new four-side open transfer station was developed to take advan-
tage of the 5-ft aisle between racks and to increase cage-changing
productivity to 300 cages/day per person.  The advantages of the new
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transfer station include an adjustable 18- to 24-in.-high sash, allowing
unencumbered hand movement, and a team approach to cage changing.
The new four-sided transfer station is a workstation and does not have
the biologic-containment properties of a biologic safety cabinet, so only
product protection is provided.

ROBOTICS

For 4 years, three animal facilities in Sweden have been successfully
operating numerous cage-washing facilities with robots handling the
monotonous and repetitive chores of dumping waste from cages, placing
cage components (bottom, top, wire bar lid, and bottle) on tunnel wash-
ers, removing cage components from tunnel washers, and filling cages
with bedding.  The principal motivation for using robotics in Sweden is
the recognition that the highest percentage of work-related injuries in an
animal facility occur in the cage-washing area because of repetitive-mo-
tion injuries, sensitization to allergens created during cage-dumping, and
heavy lifting.  To comply with occupational health and safety rules in
Sweden, which require proof that a task associated with health hazards
can be performed only by humans, directors of animal research facilities
have explored the use of robotics.  The cage-washing area typically expe-
riences the highest staff turnover rate.  The potential of robotics to decrease
costs remains to be determined.  At Baylor College of Medicine, robots
will process the 55,000 soiled and clean cages per 2 weeks (10 working
days) with indexing tunnel washers (a tunnel washer that moves a batch
of cages at a time through the various (prewash, wash, rinse, and dry)
treatment compartments), conveyors, and a vacuum bedding system.  In
a presentation to Tradelines, a for-profit seminar group, data provided by
Baylor College of Medicine indicated that the $1.2 million premium for
using robots, indexing tunnel washers, a vacuum bedding system, and
special material-handling equipment resulted in a payback of 4.11 years.
The robots have been successfully used in many automated production
facilities in the automotive industry for over 20 years with a mean time
between failures of 50,000 hours for the entire robot assembly.  Robots
should be seriously considered for facilities that process 4,000-5,000 cages/
day (four staff at two tunnel washers) and evaluated when cage-process-
ing reaches 2,000-2,500 /day (two staff at one tunnel washer).  The cost of
cage-processing robots is expected to decrease as more installations come
on line and engineering costs are amortized over many projects.  With a
projected growth of 20-22% per/year in mouse census, robots will allow
animal facilities to redirect valuable staff to animal-husbandry functions
rather than monotonous and repetitive cage-washing activities.
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VACUUM BEDDING SYSTEM

Handling of soiled and clean bedding in an animal facility is a labor-
intensive task.  Soiled bedding is removed from cages and waste is hauled
to a dumpster manually at most animal facilities.  Clean bedding can be
automatically dispensed at the end of tunnel washers by manually filling
hoppers of an automatic bedding dispenser from 40 to 50-lb bedding
bags.  Vacuum bedding systems can be used manually or in conjunction
with robots to pneumatically transport soiled bedding to remote dump-
sters and transport clean bedding to bedding dispensers.  The vacuum
creates a downdraft at the dump station, minimizing environmental dust
and allergens.  There are two other waste-disposal systems. One grinds
up the waste and bedding, adds water, moves the waste by a pipe to a
press that squeezes out the water, and puts the waste in a dumpster.  A
related method is to grind up the waste, add water, and discharge into the
sewer.  One must check with local authorities to use this method.

EXPANDABLE-CONTRACTIBLE BARRIERS

Most animal facilities are designed with a fixed percentage of barrier
space (housing space that isolates animals from contamination) (NRC
1996, pg. 119).  Although conventional and barrier-space entry protocols
for people, animals, and materials vary with the institution, for purposes
of this report, a barrier will be defined as personnel fully gowned (gown,
booties, gloves, face mask, and cap) and all material (racks, cages, feed,
and bedding) autoclaved before entry into the barrier.  Because animals
housed in a barrier often have higher per diem costs to reflect their special
treatment, underuse of a barrier facility or use of a barrier facility to house
conventional animals can increase operating costs.  Designing an animal
facility with an expandable-contractible barrier can be cost-effective if a
single-directional corridor system with multiple doors or air locks is used,
beginning at sterile-equipment holding and terminating at soiled-cage
washing.  Alternative emergency exits must be available.  By using this
concept, the barrier can be sized from an individual room or suite up to
the entire facility in selected increments.

INTERSTITIAL SPACE

Interstitial space is defined as an accessible zone that permits person-
nel movement above the ceiling of a facility and is typically used for
maintenance or modification of HVAC equipment and utilities serving
the space below.  Animal facilities are mechanically complex and require
constant maintenance.  Easy access to terminal reheat coils, dampers,
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ventilation ducts, utilities, shutoff valves and such HVAC equipment as
HEPA filters (if used), and supply and exhaust boxes is critical for the
proper operation of an animal facility.  Most animal facilities are serviced
from within the facility through access panels or lay-in hung-ceiling as-
semblies that require a 14- to 16-ft floor-to-floor height.  A partial intersti-
tial or full interstitial space above an animal facility is desirable and some-
times essential to maintain a barrier or containment facility, eliminate the
need for access panels or lay-in hung ceilings, restrict personnel access,
reduce noise, and perform routine or emergency maintenance.  Proper
design of interstitial space carefully coordinates the placement of all ven-
tilation ducts and utilities while maintaining unobstructed service aisles.
Partial interstitial space provides a walk surface above a part of the facil-
ity—typically over corridors—and requires a 16- to 18-ft floor-to-floor
height.  Full interstitial space provides a walk surface above the entire
facility and requires an 18- to 20-ft floor-to-floor height.  The increased
cost of constructing an interstitial space over that of conventional con-
struction is related to the greater floor-to-floor height (deeper basement
or more exterior wall, depending on the animal facility location), the walk
surface, and the mechanical coordination needed to create service aisles.
The exact increase in costs will vary from one project to another and
should be estimated accordingly.  On a recent two-level, 103,600-gross-
square-foot animal research facility project, the cost of partial interstitial
space was $705,000 (catwalk, $345,000; excavation and structure, $195,000;
and mechanical, $165,000) and for full interstitial space, $2,665,000 (addi-
tional floor, $560,000; excavation and structure, $1,650,000; mechanical,
$455,000). The increase in costs can be offset by a lower life-cycle cost
achieved through ease of access for maintenance over the life of the facil-
ity, with some initial savings realized during construction because mul-
tiple trades can work simultaneously above and below the ceiling.

WALL MATERIALS AND FINISHES

Concrete masonry units (CMUs) have been used extensively in ani-
mal facility construction because of their durability and familiarity.  The
quality of CMU installations can vary considerably, depending on the
surface quality of the block, the dimensional stability of the block, instal-
lation, filler application, primer, and final paint coats.  Typically, wall
guards are added to protect the painted finish as well.  Other materials—
such as water-resistant gypsum wall board (WRGWB), solid cement board
(Titon-Board®), and fiberglass-reinforced panels (FRPs)—have been used
successfully in rodent-based animal facilities.  Titon-Board is a unique
product consisting of solid cement board with a smooth face.  The relative
costs of these installed wall systems are as follows: CMU with epoxy
paint, $19/ft2; Titon-Board with epoxy paint, $11/ft2; 4-mm FRPs, $25/ft2;



INTEGRATION OF DESIGN, EQUIPMENT, OPERATION, AND STAFFING 47

6-mm FRPs, $27/ft2; and WRGWB, $9.50/ft2.  The board-panel assemblies
can be constructed quickly and result in a very smooth finish, compared
with CMUs; with wall protection, they can hold up well against the
demands of rodent-based animal facilities.

SUMMARY

In summary the major finding and opinions expressed in this chapter
are as follows:

• Proper design of the animal facility is a major determinant of the
institution’s ability to deliver cost-effective animal care.  The design team
should include the facility director, facility manager, researchers and rep-
resentatives of the animal care staff with day-to-day experience in the
facility.

• Cost reductions should be calculated over the life the facility and
take into account equipment, material and workforce interactions and
durability.

• Labor savings are a distinct advantage for the use of ventilated
rack systems for mice due to the reduction in the frequency of cage chang-
ing.  In addition, ventilated cage systems connected to the room exhaust
have the advantage of improving room air quality and reducing worker
exposure.  Careful selection and analysis of available ventilated cage sys-
tems for the conditions of intended use are necessary for a sound financial
decision and improved operational efficiency.

• The use of conventional water delivery via bottle is laborious, time-
consuming and likely to produce repetitive motion injuries in personnel.
Automatic watering systems and alternative water bottle design and
methods of handling warrant evaluation as a possible cost-saving, injury-
sparing measure.

• Designers of animal rooms should take into consideration ease of
equipment use and animal handling to reduce worker fatigue and injury.

• The use of robotic equipment to perform monotonous tasks, such
as preparing cages for washing, is projected to have financial advantages
and to reduce the incidence of ergonomic injuries in personnel. Robotic
equipment may prove to be a viable investment for institutions process-
ing as few as 2,000-2,500 cages daily.

• Interstitial space for access to the animal facility mechanical areas
should be provided because these areas require frequent preventive main-
tenance and repair services that are disruptive to ongoing research and
smooth facility operations.

• Wall materials that are durable but less expensive than the widely
used concrete masonry units may be appropriate in some animal facility
applications.
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Regulatory Concerns

The Institutional Animal Care and Use Committee (IACUC) plays a
critical role in an institution through review and approval of research
protocols and semiannual review of the institution’s facilities and pro-
grams for the humane care and use of laboratory animals.  It is important
to note the interactive relationships of the IACUC and the animal research
program in the assurance of high-quality care.  The IACUC has responsi-
bility for oversight of all components of laboratory animal management,
so poorly managed or chronically undersupported animal research facili-
ties and programs not only erode the research mission and cooperation of
investigators, but also require an extraordinary commitment of time and
effort on the part of the IACUC.  Ill-advised reduction in support of
research animal program administration could result in a degradation of
the program and increased expenditures related to regulation.  Personal
communications from several financial officers at academic institutions
have indicated that the magnitude of IACUC costs is underestimated by
many institutions because the institution fails to account for the cost of
faculty time spent on IACUC activities.  For those reasons, most institu-
tions rely on strong leadership of the animal care and use program to
diminish costs of IACUC program oversight

Institutions acknowledge the importance of maintaining viable regu-
latory compliance, but researchers and administrators at universities have
complained for many years about the high cost and time required to
comply with federal and state regulation of the use of animals in research.
However, compliance cost has been difficult to estimate.  In 1995, seven
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major research universities tried to estimate the cost of complying with
pertinent federal regulations (Greger 1995).  The University of Wisconsin-
Madison in 1995 employed eight full–time equivalents (FTEs) to support
the efforts of college and all-campus IACUCs.  These people (including
veterinarians part of the time) processed protocols, attended IACUC meet-
ings, performed animal facility site visits, and educated faculty, other
researchers, and IACUC members on animal care and federal compliance
issues.  Faculty serving on IACUCs contributed the equivalent of 4,000
hours/year (2 FTEs) in reviewing protocols, attending IACUC meetings,
and participating in semiannual facility inspections.  On the average, the
faculty and staff spent 19 hours per protocol to meet compliance recom-
mendations.

No attempt was made to estimate the amount of time that investiga-
tors spent in preparing and revising protocols.  The costs of animal care
staff, veterinarians, and institutional review board members to attend
national and regional training was not estimated. Future surveys should
gather information regarding these costs as an overall assessment of train-
ing costs.

All seven universities agreed that the amount of faculty and staff time
spent on compliance with animal use regulations was large and did not
necessarily reflect the quality of animal care programs.  Some types of
protocol took more time to review—those involving international col-
laborators, those with complex and multiple procedures, and especially
“less developed” protocols.  Accordingly, the seven institutions recom-
mended “just-in-time” review of human and animal use protocols with
no review of protocols submitted to the National Institutes of Health
(NIH) and “considered unfundable” by a study section.  Depending on
the institution, this would eliminate the need to review 10 to 50% of
protocols submitted for NIH funding.  However, this recommendation
would not reduce the IACUC’s workload for proposals submitted to
industry, the National Science Foundation, or the US Department of Agri-
culture (USDA), because their grant review differs from that of NIH.

During the next 3 years, the so-called regulatory burden was often
mentioned but never analyzed successfully.  However, the House of Rep-
resentatives Committee on Appropriations (House Report 105–205, p. 98)
in the FY 1998 budget report mandated that NIH conduct a study of
regulatory burden.  The mandate extended the study to “regulations gov-
erning use of animal and human subjects in research and regulations
covering the use and disposal of hazardous and radioactive materials.”
NIH convened a focus group of researchers, IACUC members and staff,
and laboratory animal veterinarians to assess animal care and use issues.
The resulting report (NIH 1999) cited the following as major categories of
problems:
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• Redundancy of program review and inspections.
• Inconsistency in yearly reports required by the Office for Protec-

tion from Research Risks (OPRR), USDA, and the Association for Assess-
ment and Accreditation of Laboratory Animal Care International
(AAALAC).

• Inconsistency between USDA and OPRR on protocol review.
• Outdated or poorly conceived USDA requirements, including those

dealing with caging of animals.
• Inconsistency in interpretation of regulation and policies by over-

sight groups.
• Complexity of regulations governing the transportation of animals

and materials derived from nonhuman primates.

No estimate was made of the cost of complying with the redundant or
inconsistent policies.  However, the Animal Care and Use Workgroup
noted that the Joint Commission on Accreditation of Healthcare Organi-
zations (JCAHO) accreditation review of hospitals occurs every 3 years.
In contrast, “IACUCs are required by the Health Research Extension Act
and the Animal Welfare Act to conduct both an in-depth review of the
institution’s program for the humane care and use of animals, and an
inspection of its facilities every 6 months.  In addition, current law also
requires that the USDA inspect every facility once a year.  Furthermore
AAALAC conducts a full accreditation site visit every 3 years for those
institutions that voluntarily seek accreditation” (NIH 1999).  As a result
the animal care programs and facilities at an institution are reviewed at
least 3 times per year.  Some experts in the regulatory work group think
that reducing redundancy and inconsistency of efforts would allow fac-
ulty and staff to spend their time more efficiently in producing high–
quality research with well-tended research animals.

This committee is not aware of studies documenting the costs of train-
ing investigators in writing protocols and training required before proce-
dures are performed as well as the costs of training research staff in record
keeping and the proper use of animals.  However, if properly done, these
training costs must be considerable.  A potential benefit would be that
well-trained staff perform more efficiently.

The 1999 ARS demonstrated that the costs of supporting IACUC func-
tions are substantial, even apart from faculty time, and are a frequent
recipient of institutional subsidy.  Of 48 institutions that responded, 31
reported that their IACUCs had an annual budget in excess of $50,000
(range, $0–301,260) (Table 29, Appendix C); and in 27 of 51 institutions
that responded, the IACUC budget was funded in whole or in part by the
institution (Table 26b, Appendix C).

The 1999 ARS was not designed to address the regulatory burden
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issue, but it yielded some insights into the topic, especially with regard to
the relative burden for small and large research programs.  The 14 institu-
tions with large animal use programs (group 3) invested more in the
management of regulatory compliance than the 23 institutions with
smaller programs (group 1) (Table 29, Appendix C).  They were more apt
to have a program for monitoring animal experimentation apart from the
mandated semiannual IACUC inspections (92% versus 70%), had more
faculty and staff serving on IACUCs (21 versus 14 members), and bud-
geted more for IACUCs ($164,000/year versus $63,000/year).  However,
the cost of compliance as a percentage of research dollars received was
generally higher for smaller programs (Tables 21b and 29, Appendix C).

The proposal to require USDA to regulate the use of rats, birds, and
mice in research—as well as other species—will increase the regulatory
burden in all institutions.  However, the burden will be especially heavy
in smaller institutions that have had no previous regulatory experience
and in institutions that depend on difficult to obtain state funds and state
approval for renovation of facilities.

The 1999 ARS also provided insights into the issues that most con-
cerned laboratory animal veterinarians and users of research animal fa-
cilities.  They ranked their concerns in descending order as high per diem
rates, inadequacy of space available for animal housing, and burdensome
regulatory compliance and inadequate institutional support for the facil-
ity (tied) (Table 31, Appendix C).

Some noted that the large investment that institutions must make to
support regulatory compliance reduces the funds available for renovation
and expansion of animal facilities or reduction of per diem rates.  Al-
though that might not be true in all cases, 13 of 52 researchers perceived
institutional funding of animal research to be inadequate.

Perhaps the biggest shortfall is in funds for upgrading of animal fa-
cilities.  This is due to at least 4 factors:

• Most research institutions have delayed maintenance of their re-
search facilities.  Thus, funds for renovations are used for both repairs
and upgrade.

• Transgenic animals and modern research techniques require ever
larger and more sophisticated animal facilities.

• NCRR has a small budget for upgrading animal facilities.  NIH
Research and Program (R and P) series grants provide little support for
facility renovation.

• Universities are relying more on donations for facility upgrades,
but animal facilities are less appealing to donors than other facilities (par-
tially because of the activities of animal-rights activists.)
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The result of the costs of complying with regulations is that institu-
tions and researchers have tried to become more efficient in all aspects of
animal research.  Most experts think that reducing the regulatory burden
on animal use is one way to make animal care more efficient.

SUMMARY

In summary, the major findings and opinions expressed in this chap-
ter are as follows:

• Costs of regulatory compliance are usually underestimated because
costs of faculty time for IACUC activities, and for writing protocols as
well as costs of training are rarely assessed.  Just-in-time protocol review
might reduce costs somewhat.

• Some regulations governing use of animals in research are redun-
dant and inconsistent; this leads to increased costs.

• The IACUC annual budget was greater than $50,000 for 65% of
institutions responding to the 1999 ARS survey.  The budget was some-
what higher, when calculated as a percentage of animal research dollars,
for smaller institutions.

• The proposal to require USDA to regulate rats, mice, and birds will
be especially burdensome for smaller institutions.  This and previous
items would suggest forming independent IACUCs to handle the compli-
ance needs of smaller institutions.
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6

Future Directions in
Research Animal Use:

Infrastructure, Cost, and Productivity

OVERVIEW

The information in this chapter is based on the experience of the
committee members and informal consultation with a number of investi-
gators who use a considerable number of animals in their research.  The
purpose is to facilitate planning by projecting the likely expansion in the
use of animals.  Data contained in the US Department of Agriculture’s
annual Animal Welfare Report show a decline in the use of all animals
covered by the Animal Welfare Regulations over the last decade, from
1.75 million in 1989 to 1.2 million in 1998.  The use of all species except
nonhuman primates fell.  However, rats, mice, birds, and all cold-blooded
animals are excluded from coverage.  It is estimated that over 90% of
animals used in research are mice and rats.  It seemed important to exam-
ine trends in the use of mice because it is the committee experience that
such use will drive the need for new or renovated animal research facili-
ties in the near future.

The major increase in animal research in the last few decades has
involved the use of the mouse as an experimental animal.  It is likely that
the largest increase in demand for animal care will be for mice, although
other experimental systems—such as flies, worms, fish, frogs, and pigs—
are being further developed and used.

A number of factors influence the use of the mouse as an experimen-
tal system.  A major initial factor was the development of transgenic
mouse technologies in the middle 1980s.  Use of transgenes to achieve
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deregulated or tissue-specific expression of desired genes in mice was an
important component of research that led to major breakthroughs in
several fields of biology.  In cancer research, expression of dominant
oncogenes as trans-genes led to the development of basic and applied
models for the study of a wide variety of neoplasms.  The ability to achieve
specific transgene expression has led to a large increase in newly gener-
ated mouse models and has resulted in a quantum leap in our level of
understanding of the development and function of the immune system.

The first successful application of embryonic stem cell (ES cell)-based
approaches to introduce gene-targeted mutations into mice was reported
less than 10 years ago (Capecchi 1989).  This technology has had an even
more dramatic impact than transgenesis on basic and applied research,
further establishing the mouse as a major experimental model system.
Until several years ago, application of gene-targeted mutation technolo-
gies in mice was limited largely to a handful of major research centers or
specialized investigators.  However, as with most technologies, gene-tar-
geted mutation approaches and reagents have been refined to the point
where they are now accessible to most research institutions and are readily
used by much of the biomedical research community.  This technology
for defining mammalian gene function in a physiologic setting, unimag-
inable 20 years ago, has become one of the most widely applied and most
informative tools of biologic research.

Application of gene-targeted mutational analyses is likely to continue
to increase demand for the mouse as a model system in the next decade,
especially when coupled with powerful new technologies—such as
genomics—and the potential power of combinatorial studies of existing
or future targeted mutations.

FACTORS CONTRIBUTING TO INCREASED MOUSE USE

The Genome Project and functional genomics, including gene-mapping
experiments and gene-function validation, are major factors that will
increase the use of mice .  The project has rapidly increased the volume of
known genetic sequences and identified genes, a large proportion of
which have unknown functions.  These sequences are being made avail-
able in easily accessible genomic databases—leading to more target
sequences for gene-targeted mutation.  The use of mice for large-scale
gene mapping experiments and functional genomics will increase dramati-
cally as these mutagenesis projects get under way.  The largest increase in
animal use will presumably occur mainly in a small number of large
centers and in industry, but the overall impact will be widespread.

Gene identification will become progressively easier as better mouse
genetic maps are constructed, although this will lag a few years behind
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human maps.  In the meantime, as the human map nears completion,
information from syntenic regions in the mouse might be useful and speed
up gene identification based on mapping information.  That in turn will
lead to use of animals for validation of function. Increased numbers of
genes identified through the Genome Project could potentially lead to
thousands of new gene-targeting experiments, provided that resources
continue to grow.

Developing technologies, such as array analysis, will increase the util-
ity of mouse models.  These powerful diagnostic techniques will enable
analysis of expression patterns in, for example, tumor models that ex-
press a variety of genes in the same pathway.  As techniques become
more sophisticated, it will be possible to look at early disease stages and
to dissect complex interactions in tissues.  In addition, gene chips and
protein chemistry will require an increased number of animals to gener-
ate proteins for analyses.

There are increased interinstitutional transfers of novel lines coupled
with combinatorial interbreeding of different lines that will lead to in-
creased use of mice.  As an example, some 300 mutant lines were brought
into the Dana-Farber Cancer Institute (DFCI) and 300 other lines were sent
out of the DFCI in the last year.  The ready transfer of lines, coupled with
interbreeding of mutant and transgenic lines to generate large numbers of
new lines, will result in a large increase in the number of mice used.
Examples of the application of interbreeding of lines include:

• Generation of animals with polygenic mutations, using multiple
mutant or transgenic backgrounds for basic studies in such fields as can-
cer biology, immunology, and neurobiology.  The combinatorial breeding
of different mutant backgrounds could generate huge increases in num-
bers of experimental mice.

• Genetic-modifier studies, for example, analyses of favorable and
adverse influences of genetic background on current or future cancer-
model strains.

• Polygenic disease models involving multiple contributing genetic
loci with respect to such diseases as cancer and some immune diseases.

• Back-crossing and inbreeding to create the desired genetic back-
grounds for immunology studies.

• Conditional mutagenesis.

Conditional targeted mutations and tissue-specific mutations (tet,
cre/lox, and other similar strategies) will further increase animal use for
modeling and developmental studies.  The technology is still being devel-
oped, and it will be a few years before it sees widespread use.  Rapid
improvements could occur if National Institutes of Health (NIH) or foun-
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dation resources are targeted to improving and distributing this technol-
ogy.

Chemical and viral mutagenesis of mouse germline will be used to
study environmental mutagenic effects, to identify new genes involved in
development and cancer, and to create models for therapeutic trials.  In-
terest in transgenic mice has the potential to increase dramatically.  In
many instances, well-designed transgenic experiments, potentially in
combination with knockouts, can be more informative.  Therapeutic mod-
els—for example, for cancer therapy, gene therapy of genetic diseases—
are expected to increase.

As basic understanding of molecular biology increases, there will be
an increasing interest in and emphasis on whole-animal in vivo experi-
mentation.  This will increase the use of mice for experiments involving
gene transfer into preimplantation and postimplantation embryos and
observations of the effects in organ culture and in utero.

The ease of mouse-genome manipulation resulting from the estab-
lishment of core laboratories for generation of mutant lines, histopatho-
logic analyses, genotyping, and other analyses will benefit the national
genomics initiative if creating these core laboratories becomes a national
priority.

An increase in NIH monetary support for infrastructure development
and the payment of direct costs could determine the level of animal use.
Many institutions are pursuing the construction of new animal space and
space renovation for modernization.  If the national economy stays ro-
bust, the NIH budget should grow and make resources available to con-
tinue expanding mouse work.  Growth of the infrastructure portion of the
National Center for Research Resources budget of the NIH has not kept
pace with the need for new animal research space.

New design concepts and technologies are resulting in more efficient
and larger animal facilities, which have greater capacity.  Many institu-
tions now regard the capacity of their animal facilities as the major factor
that limits the expansion of their biomedical research programs.

POTENTIAL STRATEGIES TO DAMPEN
THE EXPLOSION IN MOUSE USE

Because of the advances noted above in the use of the mouse as a
primary model system for the investigation of mammalian genetics, it is
inevitable that the number of mice used in institutional research pro-
grams will continue to surge.  On the basis of the committee’s experience,
several useful strategies are suggested to manage growth of mouse popu-
lations:
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• The use of prudent colony management—especially involving
breeding animals, effective database management, and accelerated
genotyping—can reduce generation and retention of extraneous animals.
These colony-management techniques could stimulate other choices for
institutions that might choose to use external specialists with relevant
expertise to establish training programs to address specific needs.

• Preservation of lines, embryo freezing, sperm cryopreservation (the
least expensive method, pending resolution of issues related to pathogen
transmission and long-term viability), and viable in vitro fertilization
methods might reduce the need to maintain various mouse mutants as
active populations in facilities.

• The use of satellite or centralized animal research facilities might
reduce the overall impact on an institution’s resources if there are finan-
cial incentives to house off-site in commercial contract sites.

• More central repositories for unique mutants are created to meet
the higher demand for mutants.

• Alternative central animal research facilities are created through
regional consortia or independent academic medical centers with out-
standing histories of laboratory animal management.

• Improved animal research facilities are provided that can result in
better health of strains and less need for strain re-derivation or regenera-
tion after disease outbreaks or other cataclysmic events.

• Centralized cores for common strains, such as cre/lox and RAG,
might reduce overall numbers as investigators become confident about
timely strain availability and effective strain distribution.

• In some areas, the mouse might be replaced in genetic studies with
simpler organisms that have sufficient homology (such as yeast, Droso-
phila, and Caenorhabditis elegans) as a result of genome-sequence determi-
nation, but this effect is probably transitory.

SUMMARY OF MOUSE PROJECTIONS

Barring a major decrease in funding, factors that support a substantial
increase in use of mice greatly outweigh factors that would decrease their
use.  Many institutions have projected a threefold increase over 5 years,
assuming that space and funding are adequate, but some suggest that
such a projection is very conservative.  Lower estimates from other insti-
tutions (including Harvard and Albert Einstein) might reflect the con-
straints on space that these institutions encounter.
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POTENTIAL FOR USE OF OTHER TRANSGENIC SPECIES

Rat and Rabbit

Technologies have been developed for generation of transgenic rats
and rabbits.  The use of transgenic rats and rabbits also occurs in aca-
demic settings, although this will depend even more heavily on funding
because such models are potentially very expensive.  Support for these
models will depend to some extent on the technologic ability to make
physiologic measurements or conduct disease interventions in these ani-
mals that cannot be carried out in mouse models.

Pig

Transgenic pigs are more attractive than mice for modeling human
vascular diseases and, potentially, organ transplantation.  The use of this
animal model system in translational research is substantial in the aca-
demic setting.

Other Transgenic Mammals and Birds

The application of transgenics or gene-targeted mutations in other
large animals or birds could also increase but would probably find most
current use in applied science in commercial settings. With the exception
of pigs and nonhuman primates, there is no obvious reason to expect an
increased demand for large animals in research over the next 5 years.

Xenopus

Some growth in use of Xenopus is expected.  NIH is considering a plan
to initiate a genome project for frogs that involves expressed-sequence
tags, using Xenopus tropicalis for frog genetics.  Frogs have been used
traditionally for developmental and cell biology studies.

Zebrafish

The use of zebrafish as a model for studying development has shown
a high degree of promise.  Zebrafish require relatively low maintenance.
Large-scale mutagenesis screens for recessive traits have been success-
fully carried through to identification and cloning of mutant genes.  Those
chemical mutagenesis screens have been successful in isolating zebrafish
lines that contain mutations affecting organogenesis and neurogenesis,
physiologic function of such organs as the heart and a variety of muta-
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tions affecting different stages of embryonic hematopoiesis.  Most of these
mutants live well beyond the stages of early development and so allow
identification, propagation, and genetic characterization.

The use of zebrafish for the study of vertebrate embryonic develop-
ment, neurogenesis, organogenesis, medically relevant pathophysiology,
and fundamental mechanisms of cancer might increase exponentially over
the next decade.  Over the last year, an NIH-sponsored zebrafish genome
initiative has been launched and has resulted in a vast improvement in
knowledge of the genome of this organism.  Large regions of synteny
have been identified in the mouse and the human; this indicates that
advances in genomic sequencing in these species will also facilitate use of
the zebrafish model.

SUMMARY

In summary, the major findings and opinions expressed in this chap-
ter are as follows:

• The Human Genome Project and functional genomics supported
by a diverse array of experimental approaches will continue to fuel the
use of the mouse as the primary experimental model system in the inves-
tigation of mammalian genetics.

• Many strategies may prove to be useful to hedge the ongoing ex-
plosion in mouse use.  These include: improved colony management;
database management; techniques to maintain genetic stocks without
maintaining active populations; consolidation of key mutant lines or
strains into fewer facilities to eliminate redundant production while main-
taining prompt distribution; and continued animal health improvements
and the replacement of mice with simpler organisms when applicable.
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APPENDIx
A

Office of Grants and
Acquisition Management

Memorandum

Office of Grants and Acquisition Management memorandum concerning
the treatment of the facilities and administrative costs of animal research
facilities in OMB Circulars A–21, A–122 and Appendix E, 45 CFR Part 74:

OGAM Action Transmittal
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Office of Grants and Acquisition Management (OGAM)
Office of the Assistant Secretary for Management and Budget
Room 517D – Hubert H. Humphrey Building
200 Independence Ave. S.W.
Washington, D.C. 20201

ACTION TRANSMITTAL – EXTERNAL
__________________________________________________

Transmittal No.: OGAM AT 2000–1
Date: November 15, 1999
__________________________________________________

TO: Federal Grantees and Awarding Agencies
SUBJECT: Changes in the Treatment of Research Costs Related to Animal
Facilities
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REGULATION: OMB Circulars A–21, A–122 and Appendix E, 45 CFR
Part 74
APPLICABILITY: Federal Grantees and Awarding Agencies

EFFECTIVE DATE: Upon Issuance for All Newly Submitted Proposals
for Facilities and Administrative Cost Rates

PURPOSE AND BACKGROUND: Office of Management and Budget
Circulars and HHS regulations provide guidance on the treatment of spe-
cialized service facilities, including animal facilities, if material in amount.
The animal care facilities of research institutions are required by OMB
and Departmental regulations to be charged directly to Federal grants on
a fee-for-service basis. This fee normally consists of both the direct costs
and the allocable share of indirect costs (also known as Facilities and
Administrative [F&A] costs) of the service. The purpose of this OGAM
Action Transmittal is to clarify what facilities costs are to be considered
part of the fee (and charged directly) and what portion should be treated
and charged as an F&A cost. This clarification is required because, in
recent years, the sophistication of animal research has caused more of this
animal research to be conducted within the confines of these facilities.
Since most nonanimal research takes place in office or laboratory space
(which is included as part of the F&A cost), an inequity exists.

ACTION: Based on the changing nature of research conducted in these
facilities, we are changing our methodology to include a certain portion of
animal facility costs in the institution’s F&A rates. This includes proce-
dure rooms, operating and recovery rooms, isolation rooms, and quaran-
tine rooms directly related to research protocols, as well as rooms that
house animals involved in research that are not generally removed from
the facility for conducting research. Notwithstanding this policy change,
institutions must continue to document (through a space survey) the par-
ticular research projects conducted in research space included in an F&A
pool.

In addition, to avoid potential over-allocations of F&A costs, on a case-by-
case basis animal care charges may be treated like patient care costs and
excluded from the allocation base used to charge F&A costs to awards.

To summarize, this Action Transmittal establishes a methodology for
grantee organizations to account properly for costs of animal facilities.

AUTHORIZING OFFICIAL: Terrence J. Tychan Deputy Assistant Secre-
tary for Grants and Acquisition Management
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APPENDIX

B

Summary of Findings from the Ohio
State University – Committee on

Institutional Cooperation Study (CIC)

The summary of findings published in this report may not reflect the
opinions, policies, or practices of the individual institutions that partici-
pated in the study.

Cost-Recovery Approaches

1. Institutions recovered 20–76% of the total animal care costs through
recharge mechanisms.

2. Participating institutions practiced different approaches to cost ac-
counting for care of research animals.

3. Institutional funding of various components of animal care varied
widely.

4. In most of the participating institutions, charges to investigators
were only loosely related to underlying costs.

Operating Costs

1. Direct labor is the largest and most important factor in determin-
ing costs, representing 50–65% of the cost structure.

2. Labor performance improves with increasing program scale.
3. Labor performance tends to improve as activity is concentrated in

fewer facilities or as facilities are used more intensively.  As the average
number of labor hours per animal housing room increases, the labor cost
per animal decreases.
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4. Labor performance tends to improve as activity is concentrated
around fewer investigators or as average investigator activity increases.

5. Animal care programs with moderate scale and high complexity
(many species and many services) have some structural explanations for
higher costs.

6. Improving direct labor performance is a very effective way to re-
duce operating costs.

a) Reduce complexity by consolidating activity into fewer rooms
and facilities wherever possible.

b) Focus on improving performance of animal care staff, through
close measurement and management.

c) Reduce complexity of care (activities other than direct animal
care) to help to reduce other costs for supplies and services, transporta-
tion, supervision, and protective clothing.  Alternatively, the cost of com-
plex services should be recovered outside the per diem charge.

Administrative and Indirect Costs

1. Complexity of animal care program administration can materially
affect costs.

2. Animal purchasing and setup costs can have a substantial impact
on short-term protocols and protocols that use expensive animals.

3. A mix of per diem and direct service charges makes good sense in
that the user pays for special services.  This mixture of charges assesses
the true cost (assuming that the institution does not subsidize part of the
animal care program from other institutional resources) of operations and
maximizes the predictability of cost recovery.  Accounting systems that
roll these costs into their per diems are generally subsidizing short–term
and complex projects or research with certain species at the expense of
long–term and less complex projects.

Veterinary Staffing

1. Veterinary technicians, animal technicians, and veterinary resi-
dents can extend the capacity of the professional veterinary staff.

2. Number of investigators per veterinarian and number of protocols
per veterinarian have little correlation across institutions.

3. Other surveys have found reasonable correlation between veteri-
nary staffing and the number of nonrodent mammals in an institution.
As the number of rodents grows, this correlation may decrease.
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C

Animal Resources Survey-1999 and
Survey Tables

INTRODUCTION

This appendix contains the questionnaire that was sent to 130 animal
care and use programs throughout the United States.  The Committee on
Cost of and Payment for Animal Research reviewed the questionnaire
and suggested some enhancements that were incorporated into the sur-
vey by Yale Section of Comparative Medicine personnel before it was
distributed.  There were 63 responses for a nearly 50% response rate.  The
focus of the Cost Committee was to suggest methods for cost containment
in traditional biomedical animal research facilities.  Judging from the
numbers and types of species used, some of the respondents to the survey
appeared to be primarily in agricultural research or aquaculture.  There-
fore, the decision was made to restrict analysis to the 53 institutions that
had an average daily mouse census of 1,000 or more.  The 53 institutions
were divided into three groups according to average daily mouse census:
group 1 (n = 23) 1,000-9,999, group 2 (n = 16) 10,000-29,999, and group 3
(n = 14) > 29,999.
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Group Mouse average Institution No.
daily census ID numbers institutions

1 1,000-9,999 4, 5, 6, 9, 12, 15, 17, 18, 20, 23
24, 28, 29, 34, 37, 39, 45, 46,
49, 53, 56, 57, 58, 59

2 10,000-29,999 11, 14, 19, 23, 25, 27, 36, 41, 16
42, 43, 44, 47, 54, 55, 60, 62

3 > 29,999 1, 3, 7, 10, 16, 21, 31, 35, 40, 14
48, 51, 52, 61, 63

The responses to the questionnaire are summarized in the ensuing
tables.  Nearly all tables have 1 row for each group and a final row for all
53 institutions.  Where necessary, a description (in parentheses) of what
the numbers in the table represent (mean number of institutions, mean
percentage of the group or of all 53 institutions, and so on) is provided.
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APPENDIX

D

Biographical Sketches of
Committee Members

Christian E. Newcomer, Chair.  Dr. Newcomer is Director of the Division
of Laboratory Animal Medicine and Research Associate Professor of the
Department of Pathology and Laboratory Medicine of the University of
North Carolina.  Dr. Newcomer is the immediate past president of the
American College of Laboratory Medicine and Vice President of the Coun-
cil on Accreditation, Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC) International.  His research interest
is the infectious diseases of laboratory animals.

Frederick W. Alt is a Howard Hughes Medical Institute Investigator,
Charles A. Janeway Professor of Pediatrics and Professor of Genetics at
Harvard Medical School and Children’s Hospital, and a Senior Investiga-
tor at the Center for Blood Research in Boston.  He studies the molecular
and cell biology of immunity.  He sits on the editorial boards of Molecular
and Cellular Biology, International Immunology, Developmental Immu-
nology, Advances in Immunology, Current Biology, Science, and Immu-
nity.  He is a Co-Editor of Current Opinion in Immunology, an Advisory
Editor for Journal of Experimental Medicine and a Contributing Editor for
Molecular Medicine.  He is a member of the National Academy of Sciences,
the American Academy of Microbiology, and the American Academy of
Arts and Sciences.

Ransom L. Baldwin is Professor and Sesnon Chair of the Department of
Animal Science of the University of California at Davis.  His research
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interests are in ruminant digestion, physiology of lactation, nutritional
energetics, mechanisms and quantitative aspects of regulation of animal
and tissue metabolism, and computer simulation modeling of animal sys-
tems.  He was a member of the ILAR Guide Committee.

John Donovan is Vice President of Laboratory Animal Science and Wel-
fare, Aventis Pharmaceuticals, Inc.  From 1986 to 1994, he was Director of
the Office of Laboratory Animal Science at the National Cancer Institute,
National Institutes of Health.  He is a Diplomate of the American College
of  Laboratory Animal Medicine (ACLAM) and was President of ACLAM
1994-5.

Janet Greger is Professor of Nutritional Sciences and Environmental Toxi-
cology of the University of Wisconsin. She was both Associate Dean for
Research of the Medical School and Professor of Nutritional Sciences and
Environmental Toxicology of the University of Wisconsin, has chaired the
all campus animal care and use committee at the University of Wisconsin
and is on the Board of Trustees of AAALAC (1992-2000), serving on their
strategic planning committee in 1996.  She was also on the Board of Direc-
tors of the Council on Government Relations and was a member of the
NRC committee that wrote the report on Nutrient Requirements of Labora-
tory Animals, fourth edition.

Joseph Hezir is a Managing Partner of the EOP Group, Inc., and was a co-
founder of the Group.   He was associated with Office of Management
and Budget for 18 years, ending there as Deputy Associate Director for
Energy and Science.  He specializes in regulatory strategy development
and problem solving, and identifying newly created government busi-
ness opportunities formed from mergers, acquisitions, joint ventures, and
new markets.

Charles McPherson is Executive Director of the American College of
Laboratory Animal Medicine and an independent consultant in labora-
tory animal medicine. He was Chair of the Committee on Revision of Cost
and Rate Setting Manual for Animal Research Facilities. He has been a
leader in laboratory animal medicine and has published extensively on
the care and use of laboratory animals.

Josh Steven Meyer is the managing principal of GPR Planners Collabora-
tive, Inc., and a Registered Architect in the State of New York.  Mr. Meyer
has participated in the programming and planning of 60 major research
projects and more than 40 animal facilities for academic, institutional and
corporate clients.  His assignments include existing facilities analysis,
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facilities master planning, and macro- and micro-level development of
laboratory, pilot plant, and animal and toxicology facilities.

Robert B. Price is Executive Vice President for Administration and Busi-
ness Affairs of the University of Texas Health Center.  He has an extensive
background in higher education, having held various positions at Texas
Tech University, The University of Texas at Arlington, and the Health
Science Center at San Antonio.  He also was a member of the Board of
Directors of the Council on Government Relations 1979-1986 and is cur-
rently Chairman of the Board.

Daniel H. Ringler is Professor and Director of the Unit for Laboratory
Animal Medicine, University of Michigan Medical School. His research
interests are:  spontaneous diseases of laboratory animals, comparative
medicine and management of research animal resources.  He has served
on and chaired the Council on Accreditation of the Association for As-
sessment and Accreditation of Laboratory Animal Care International.  He
has also served as president of the American College of Laboratory Ani-
mal Medicine and was a member of the Council of the Institute for Labo-
ratory Animal Research.

James R. Swearengen is Director of the Veterinary Medicine Division of
the U.S. Army Medical Research Institute of Infectious Diseases.  He has
extensive experience in directing multi-species animal care and use pro-
grams, supporting medical and surgical research and interfacing with
scientific investigators.  He has been involved in designing and providing
oversight for the construction of animal care and research facilities.

John Vandenbergh is a Professor, Department of Zoology, North Caro-
lina State University.  His research areas are environmental control of
reproduction, the endocrine basis of behavior, and rodent and primate
behavior.  He was a member of the committee to revise the Guide for the
Care and Use of Laboratory Animals and has been on review panels for NSF
and NIH.  He is a member of the American Society of Zoologists, Animal
Behavior Society (President 1982-83), and Society for the Study of Repro-
duction.


