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Requirements for laboratory animals in health
programmes*

J. R. HELD1

Laboratory animals are essential for the successful execution of many health
programmes. A wide variety of animal models is used in the worldwide efforts to
improve the control of various diseases, and in the basic research needed to improve
health care. Biomedical programmes require specially-bred animals reared under
controlled conditions, with close attention given to such factors as physical
environment, nutrition, microbiologicalstatus, andgenetic background. The needfor
a regular supply ofappropriate animals has led to the development ofafield ofstudy
known as laboratory animal science, and a speciality within veterinary medicine
known as laboratory animal medicine. The importance of laboratory animals is
recognized by the World Health Organization, which, in cooperation with other
organizations, provides training, technical information, and consultative support in
this field.

Laboratory animals are essential for the successful execution of many health pro-
grammes. They are used in the production of biologicals, the testing of drugs, diagnostic
procedures, and research. But close attention must be given to the selection, use, and care of
such animals, in order to ensure that the results obtained are reliable and reproducible.
The need for a regular supply of appropriate animals for specific purposes, and for the

provision of a proper environment for their care and observation, has led to the
development of a field of study referred to as laboratory animal science and a speciality
within veterinary medicine known as laboratory animal medicine. The importance of
laboratory animals is recognized by the World Health Organization (WHO), which, in
cooperation with the International Council for Laboratory Animal Science (ICLAS),a
provides training, technical information, and consultative support in this field to WHO
Member States. WHO has recently designated four WHO Collaborating Centres for
Defined Laboratory Animals,b to complement the activities with ICLAS, and to provide
genetically and microbiologically characterized animals that can be used as breeding nuclei
in laboratories throughout the world. This will promote the sharing of new animal models
for the study of human disease, and is an important contribution to improved use of
laboratory animals.

BACKGROUND

The discovery that diseases such as tuberculosis and anthrax were caused by the same
agents in both man and cattle revitalized the long-established links between human and

* A French translation of this article will be published in a later issue of the Bulletin.
' Director, Division of Research Services, National Institutes of Health, Bethesda, MD 20205, USA.
a ICLAS is a technical organization made up of representatives from more than 50 nations. Until 1979 it was known as the Inter-

national Committee on Laboratory Animals.
b The four centres are: the Medical Research Council Laboratory Animals Centre, Carshalton, England; the National Institute
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veterinary medicine. This, together with the identification of microorganisms as the
etiological agents of infectious diseases, and the subsequent acceptance of the "germ
theory" of disease, provided the foundation for the use of experimental animals in the
study of human bacterial diseases.

In 1889, the potential importance of the mouse as a model system for experimental
research was recognized when it was established that malignant tumours could be trans-
planted successfully in this species. Subsequently, the science of genetics furnished a means
of standardizing these animals through intensive inbreeding, and advances in microbiology
led to the development of a germ-free technology, which now allows us to develop and
maintain models with profound immunological defects.

Thus, animal studies have been important to progress in the biomedical sciences. At the
same time, however, this progress has brought direct benefits to animal health, and it can be
anticipated that this interaction will continue in the future.

ANIMAL MODELS FOR HUMAN DISEASE

Current biomedical research depends on both spontaneous and laboratory-induced
diseases in suitable animal species. In some cases, the various features of a disease cannot all
be reproduced in a single animal, and several model systems may be needed to study all
aspects of the condition thoroughly.c
A wide variety of animal models is being used in efforts to improve the control of diseases

such as malaria, schistosomiasis, tuberculosis, leprosy, and hepatitis. Certain bird, rodent,
and non-human primate malarias are important models for studies of pathogenesis, trans-
mission, and chemotherapy of their counterparts in man. Non-human primates, especially
rhesus monkeys (Macaca mulatta), are essential for various immunological studies, which
may eventually lead to the development of an antimalaria vaccine. A particularly important
advance occurred in the 1960s with the demonstration that certain New World species of
non-human primate could be infected with parasites of human malaria. Owl monkeys
(A otus trivirgatus) are now particularly valuable for testing the drug-resistance of strains of
human malaria.

Mice, multimammate rats, hamsters, gerbils, and non-human primates are all used in
studies on the pathogenesis and immunology of schistosome infections. The studies being
conducted with these animals are an important factor in the attempts to control schisto-
somiasis.
Guinea pigs, which have traditionally been used in tuberculosis studies, are used in

research on the mechanisms of BCG vaccination protection, which may lead to the develop-
ment of better immunizing agents. Rhesus monkeys are the principal model in which anti-
tuberculosis chemotherapeutic agents are tested. For many years there was an extensive
search for an animal model susceptible to infection with Mycobacterium leprae. Limited
success was obtained with footpad inoculations in mice, but more recently, it has been
found that some species of armadillo can be infected in the laboratory, and are sometimes
infected in nature. This has considerably widened the scope of research on leprosy.
Non-human primates have been particularly important in many studies on viral hepatitis.

Although it has long been recognized that at least two viruses are responsible for this disease
in man, early attempts to isolate the agents were unsuccessful. In the early 1960s, however,
cases of human hepatitis were traced to contact with chimpanzees (Pan troglodytes),
gorillas (Gorilla gorilla), woolly monkeys (Lagothrix spp.), and Celebes apes (Macaca
nigra). Subsequently, when efforts were made to test the susceptibility of a wide variety of

c Proceedings ofa Symposium on AnimalModelsforBiomedicalResearch, Boston, 1968. Washington, DC, National Academy
of Sciences, 1969.
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non-human primates, chimpanzees were found to be susceptible to both hepatitis A and B,
as well as to the more recently described non-A non-B agent(s). They are particularly valu-
able for the study of this disease, but they are an endangered species and are difficult to
obtain and to maintain properly. Thus, chimpanzees used in these studies are usually taken
from colonies that have been set up specifically for breeding purposes. Since hepatitis is not
fatal in these animals, test subjects can be returned to the colony once the infection has
terminated. Another important advance in the study of hepatitis was the discovery that
some species of tamarin can also be infected with hepatitis A virus. Not only are these
animals used for studies of the disease, but infected tissue harvested from them is a reliable
source of antigen for diagnostic and immunological purposes.
Non-human primates are especially valued in health programmes because of their close

relationship to man, and are irreplaceable for certain studies. They were vital to the
development of an antipoliomyelitis vaccine, and have provided important information on
many other conditions, such as malaria, yellow fever, measles, enteric diseases, tuber-
culosis, mental disorders, and viral oncogenesis. Further advances in biomedical science
will depend upon the continuing availability of these animals. However, many of these
species are now difficult to obtain because their natural populations are threatened by the
destruction of their habitats for agricultural development, lumbering, or expanding
urbanization.

In order to conserve these species, some primate source countries have instituted meas-
ures to limit or prohibit their export. This has been partly compensated for by the estab-
lishment of breeding colonies in several countries that need primates. For example, in the
USA, approximately 6000 rhesus monkeys, plus a small number of other species, are bred
for domestic research programmes. In addition, the Pan American Health Organization
(PAHO), which also serves as the WHO Regional Office for the Americas, is helping to
establish breeding and conservation programmes in source countries, which will benefit
both the biomedical research community and the source countries themselves. Based on the
success of these PAHO projects, WHO is exploring the possibility of establishing similar
conservation and management programmes in Africa and Asia.

STANDARDIZATION OF LABORATORY ANIMALS

It is important to recognize that the animal used in a research programme is an experi-
mental variable and, as such, must be characterized as completely as possible.d It is now
known that a variety of external factors can influence the condition of otherwise healthy,
well-characterized animals. For example, environmental factors such as type of cage, popu-
lation density, methods of rearing, handling, and socialization must be carefully
controlled, in order to obtain reproducible results. In addition, the long-term effects of
selective breeding may modify a particular strain or gene pool, and thus affect the outcome
of the experiment. Furthermore, the effects of stress resulting from transportation of the
animals must be taken into account. Although these effects may be subtle, influencing only
such parameters as total leukocyte count or ACTH activity, they must be recognized.

Physical environment

Attention should also be given to the basic features of the animals' general environment,
taking into consideration such factors as traffic patterns, temperature ranges, suitability of

d The UFAW handbook on the care and management oflaboratory animals, 5th ed., New York, Churchill Livingstone, 1976.
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room size and design, and sanitation control.e A defect in facility design can invalidate the
results of an otherwise effectively managed animal programme. Attention should therefore
be given to all physical environmental factors. It has been shown, for example, that animal
room noise, including ultrasound from mechanical equipment, at frequencies inaudible to
man, can cause stress in susceptible animals.

Nutrition

Another important variable in the care of animals is nutrition. It is possible to develop
diets to meet the nutritional needs of various species, and to take into account the particular
stage of an animal's life cycle. The use of specifically formulated diets gives investigators
the opportunity to evaluate the complete nutritional status of an animal colony, and the
flexibility to manipulate ingredients to meet the specific requirements of each research
project.

In general, standard diets of known formulation should be used. The diet should be docu-
mented for every experiment, and should be analysed for chemical contaminants that might
influence the results. Since there is an overwhelming number of possible contaminants,
researchers must evaluate how each one might affect the experiment and test for the most
important ones. More information will eventually become available on the significance of
the various contaminants and their control.

Microbiology

The microbiological status of animals can also determine the outcome of an experiment.
As tests become more sensitive and sophisticated, it is desirable to use laboratory animals
that are as "clean" as possible and to define completely the microbial agents present. It may
be necessary to establish veterinary diagnostic laboratories to assist investigators with
microbiological monitoring, especially where projects are dependent on the use of disease-
free animals. In addition, these animals must be maintained in an environment free from
unwanted pathogens or agents that could interfere with the experiment.

Genetic background

The genetic background of the laboratory animals can be critical to the outcome of an
experiment. For example, the US Food and Drug Administration (FDA) Bureau of Bio-
logics, when testing rabies vaccine, found that test sensitivity changed dramatically if mice
were obtained from a different producer, even though the animals were of the same stock. It
is important to remember that the source of an animal model and the animal itself can
directly affect the test results.
The US National Institutes of Health (NIH) maintains a genetic resource, with over 150

defined strains or stocks of rodents. These animals are made available to biomedical insti-
tutions throughout the world, to be used as breeding nuclei. Any institution that provides
research animals to other organizations must be particularly concerned with the genetic
integrity of those animals. At NIH a programme has been instituted to help prevent genetic
contamination of a strain either through human error or through spontaneous mutation.
During the past few years, geneticists there have developed individual genetic profiles for
each inbred mouse and rat strain produced. Each strain has unique characteristics which
can be detected through chromosomal analysis using biochemical, immunological, and

e Committee on care and use of laboratory animals of Institute of Laboratory Animal Resources. Guidefor the care and use of
laboratory animals. Bethesda, National Institutes of Health, 1978.
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morphological markers. Each animal's profile can therefore be compared with the genetic
profile for the strain, and variations detected.
The advent of genetically defined animals has produced improvements in two major

aspects of dose/response testing: (a) the use of genetically identical animals guarantees a
uniform response to any type of challenge; and (b) a group of animals can be selected to
give maximum response to a particular drug. For example, geneticists from NIH are work-
ing closely with investigators from the FDA Bureau of Biologics to develop a pertussis test
system using inbred strains of mice specifically developed for greater sensitivity in the tests.

HUMANE CONSIDERATIONS

Finally, ethical and legal responsibilities are shared by all those who provide and use
animals in research. Humane care issues, while not new, have become amplified in recent
years, and there are those who would prohibit the use of animals for any biomedical
purpose. The issue is surrounded by much emotion, but it should be emphasized that
further restrictions on the use of experimental animals will have a serious impact on
research. The biomedical community is searching for alternatives to animal experimen-
tation for humane, as well as for economic reasons. The World Health Organization
supports research on the replacement of testing on animals by other experimental pro-
cedures. The development of cell culture techniques is an important step in this direction.
This topic was the subject of a special symposium organized by the WHO Collaborating
Centre for Collection and Evaluation of Data on Comparative Virology, and held in
Munich in 1976.f
However, alternatives to testing in the intact animal are limited, and, at present, can only

be considered as providing complementary or supplementary information. The notion that
all or most experimental animals suffer terribly is a gross misconception; indeed, it is to the
scientist's advantage to have animals that are properly cared for. It should, however, be
recognized that issues of humane care and conservation must be continually addressed, not
only among scientists, but also through dialogue with the organizations concerned with
such issues.

It is likely that, in the near future, new legislation and international conventions on the
use of animals will be introduced. What happens in each country may have an impact on
others, especially in these times of extensive international commerce. This has been well
demonstrated in the case of the US Food and Drug Administration's Good Laboratory
Practices Regulations, which have had an impact on the pharmaceutical industry outside
the USA. It can be anticipated that a convention on the use of live animals for experimental
purposes may emerge from the Council of Europe, the results of which may also affect
countries outside that union. The Convention on International Trade in Endangered
Species has already reduced the number of certain primate species available for use in bio-
medical programmes.
As biomedical research becomes increasingly sophisticated, the challenge of assuring a

supply of healthy, well-defined laboratory animals becomes more complex. The World
Health Organization and the International Council for Laboratory Animal Science have
important roles in assisting various organizations throughout the world to improve their
programmes in this field.

f International Symposium on ExperimentalAnimals and in vitro Systems in Medical Microbiology, Munich, September 1976,
edited by the WHO Collaborating Centre for Collection and Evaluation of Data on Comparative Virology, Munich.


