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Preface

Nonhuman primates (NHP) continue to play an important role in the
research of many human diseases such as malaria and AIDS. As long as
NHP are needed for biomedical research, it is essential that suppliers,
users and transporters of these animals work together to establish the best
standards of characterization and maintenance to ensure that they are
treated humanely, used efficiently and that data obtained from experi-
ments on NHP are scientifically useful. Indeed, the harmonization of stan-
dards for NHP should allow for effective reproducibility among laborato-
ries throughout the world. In addition, since NHP resources are limited, it
is necessary to ensure that adequate conservation practices are consid-
ered, and that the quality of the animals used for research is high.

Characterization of the genetics of NHP promises to provide valuable
information that may impact the potential use of some species for certain
types of studies. For example, with the escalating use of rhesus macaques
for AIDS research, it has become important to further characterize the
genetic basis of lentiviral infections. In addition, since NHP are used as
models for human diseases, knowledge of the genetics will assist research-
ers in recognizing homology between NHP and human genes as well as
give insights into how interindividual variability can contribute to pre-
diction of risk for certain diseases.

The microbiological status of NHP is also critical to research out-
comes in these animals as well as to the occupational health and safety of
those who work with them. Increased efforts have been initiated to create

vil
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specific pathogen-free (SPF) macaque research colonies that have been
selectively screened for important simian viruses. In addition to SPF colo-
nies, international standardization of assays utilized for virological as-
sessment of NHP must be addressed.

Finally, there is a crisis with regard to transportation of NHP. Most
national and international airline carriers now refuse to transport NHP
and, consequently, research and breeding institutions in the United States
have had to rely on one of the Chinese carriers for this purpose. In addi-
tion to the dearth of transportation sources, there are duplications of na-
tional and international regulations for international transport of research
animals that must be addressed with the expectations that recommenda-
tions for consolidation will be sought.

All of these issues concern scientists, veterinarians and funding au-
thorities from countries that are major users of nonhuman primates for
research as well as those from countries that produce and supply these
animals. Many of those in the scientific community who direct or support
NHP resources or who use these animals for research had expressed a
need for addressing these issues on an international level. The Institute
for Laboratory Animal Research, within the National Academies, took
advantage of its unique position as a focal point for laboratory animal
research issues both in the United States and internationally to organize
and host a much needed and important workshop. Participants from all
over the world gathered in Washington, DC, to discuss critical issues
concerning NHP resources. The proceedings from this workshop are
reported in the pages of this publication.
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Primate Priorities—
An International Perspective

John P. Hearn, MSc, PhD

INTRODUCTION

Itis a real pleasure and privilege to open this conference on the future
of primate research and the resources required. The challenges and scien-
tific opportunities are enormous and the resources are limited. The study
of nonhuman primate systems at all levels, from molecular through sys-
temic, social through environmental, is the closest we can come to experi-
mental investigation of many of the fundamental factors that influence
human biology. In the past 50 years, there have been enormous advances
in our understanding of primate biology. We now have an array of new
research tools and technologies. The rich scientific agenda that we are
about to enjoy at this symposium, replete with new data, is proof of these
capacities. It is timely to ask how we should set course for the future and
what the priorities should be in investing the sparse resources to the best
advantage.

Without being overly dramatic, it is fair to say that most of us in this
company would not be alive, or would be debilitated, if it were not for the
improvements in health that have resulted from primate research. A few
simple examples include polio and other vaccines, antibiotics tailored to
protect against specific diseases, transplantation and surgical technolo-
gies. Some argue that the needs for primate research are now met so that

Australian National University, Canberra, ACT 0200, Australia
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our level of knowledge is adequate. In this address, I will argue that the
knowledge imperative is never sated, nor the applications exhausted. The
more fundamental the question, the wider are the potential applications.
Future challenges are just as demanding as those of the past.

One core theme of this conference focuses on the critical situation that
is developing globally over the current shortage of rhesus monkeys, exac-
erbated in recent years by the research needs of the AIDS plague. In
aiming to set a framework for the meeting, I will consider briefly a few
examples of the continuing research imperatives that require such re-
sources. I will then comment on the requirements for rhesus monkeys,
some of the species that might provide alternative model systems, the
need for real partnerships between biomedical and conservation research
programs, and the ethical essentials in this complex area. Finally, I will
suggest a few issues and areas for action. In doing so, I ask how can we
make the best use of these few days to influence the future of primate
research and resource development, since many of the human primates
who will make the decisions are here.

RESEARCH IMPERATIVES

This is a great time in primate biology, when basic and strategic re-
search can often be translated quickly to new applications and solutions
that are relevant to health and society. The biotechnologies that are being
developed now will fundamentally affect the quality and sustainability of
life and biodiversity. Availability of and access to many of these technolo-
gies are not universal, however, and differences exist between less devel-
oped and developed countries. There are also differences and disagree-
ments due to cultural, religious, and ethical considerations.

A few examples of areas where basic and strategic primate research is
now helping to transform our expectations include AIDS and our under-
standing of infection immunology, stem cells and the knowledge of de-
velopment and transplantation therapies, and gene therapy based on new
functional genetics. The avoidance of age-related debilities based on mo-
lecular and cellular health and the enhancing of our understanding of
neuroscience, behavior, and learning through imaging provide further
exciting options. The opportunities arising from the genomics-proteomics-
phenomics sequences are among the most exciting in the history of bio-
medicine. The monitoring of emerging diseases and their transition be-
tween animals (including primates) and humans is of special interest. All
of these and many others will depend to an extent on rigorous primate
research and validation. The resources to achieve such an ambitious
agenda are limited. Therefore we must invest these limited primate re-
sources strategically to deliver the widest possible benefit.

Copyright © National Academy of Sciences. All rights reserved.
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THE RHESUS MONKEY

Due principally to the boost given to rhesus monkey research 50 years
ago during the polio pandemic, this species has become the generalized
laboratory primate of choice, especially in the United States. Information
on the biology of the species is the broadest of any primate other than the
human. Due to the lack of availability and relative expense of rhesus
monkeys, the cynomolgus macaque has replaced the rhesus in areas such
as applied drug development, toxicology, and teratology. These two are
the species of choice for much of biomedical and behavioral research as it
applies to human health. In some respects this is surprising since aspects
of the biology of the rhesus, including its reproductive seasonality, are
not similar to the human pattern.

Surveys of rhesus monkeys in their home countries over the past 10
years, including India, reveal increases in numbers. I request respectfully
that the Indian government might consider allowing limited access to
their country’s rhesus resources by their own scientists and by the inter-
national community. Even if this access is restricted to the provision of
breeding nuclei from which second generation animals can be available
for research, it could make a significant difference. Some of the emerging
challenges and diseases, including HIV-AIDS, are likely to affect the sub-
continent. It may be wise to have the necessary scientific and animal
resources to participate in the global response. The rhesus monkeys avail-
able from China appear to have variations in their immunology and en-
docrinology from the Indian animals, making comparisons difficult.

The National Institutes of Health (NIH), and in particular the Na-
tional Center for Research Resources (NCRR), have given long-term lead-
ership in the development of global primate research. The eight National
Primate Research Centers, with 20,000 animals of 20 species, have the
largest and most comprehensive program of self-sustaining breeding colo-
nies and specialized research programs in primate biology. This long-
term approach is of enormous value and has contributed spectacularly to
the advancement of knowledge and the improvement of human and ani-
mal health. One factor in this success is the availability of animals of high
quality with known pedigrees, and sometimes known immune character-
istics, that are available for a very wide range of biomedical and behav-
ioral research, including neurobiology, behavior, genetics, aging, devel-
opment, reproduction, and many diseases.

The potential for accelerating the breeding of primate stocks, if neces-
sary using assisted reproductive techniques, could be given support
within the centers and in collaboration with those in source countries.
Greater national and international collaboration among universities, spe-
cial research centers, and industry could make more efficient use of scarce

Copyright © National Academy of Sciences. All rights reserved.
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materials. An expansion of the World Directory of Primatologists and
Primate Infonet could improve the level of communication and provide a
greater knowledge of resources and opportunities for collaboration world-
wide. This in turn could reduce the overall numbers of primates required
in research and assist in the conservation of the species.

The Institute for Laboratory Animal Research (ILAR) of the National
Academies has played a major role in developing the norms and stan-
dards for animal research, including primates, to the world’s best prac-
tice. This continuing role is vital into the future if the challenges currently
facing us and the constantly changing research needs, including those
due to the shortage of rhesus monkeys, are to be overcome.

ALTERNATIVE OPPORTUNITIES

For the historical reasons alluded to above, the rhesus monkey has
been established as the major species of choice for biomedical research,
with the cynomolgus a substitute for aspects of toxicology. There are
other species that hold particular advantage in niche areas of biomedicine
and behavior research. Among these, the nearest genetic relatives to the
human are the great apes, but their size and sensibility make them un-
available except to a very few researchers, and their use must be restricted
to only the most essential applications under stringent controls. The ba-
boons have proved of great value in areas that include surgery, parasitol-
ogy, and cardiology, but they are large and expensive to keep, as well as
being dangerous except under carefully managed conditions. The South
American species utilized in biomedicine, including the marmosets, tama-
rins, owl, and squirrel and cebus monkeys, have particular attributes. The
common marmoset is perhaps the most widely used general laboratory
primate after the macaques, but this is more evident in Europe than in the
United States.

New advances in noninvasive technologies are providing more effi-
cient and rapid ways to develop some biomedical programs. The ability
to monitor aspects of the genetics, nutrition, endocrinology, reproductive
status, and general health of an animal or human through the analysis of
small samples of urine, feces, or blood facilitates the transitions and com-
parisons between primate and human research. In addition, the great
advances in noninvasive sensing, tomography, and imaging technologies
now allow repeated studies with minimal stress and damage.

CONSERVATION AND COLLABORATION

An important consideration is that almost all of the primate species
studied in biomedical research are not endangered. Many of them, in-

Copyright © National Academy of Sciences. All rights reserved.
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cluding the rhesus, cynomolgus, baboon, and marmoset, are common or
even pests in areas of their ranges. Studies on these species can benefit
humans in the understanding of systems and the avoidance and treat-
ment of disease. In many ways, these same studies and those on humans
can also benefit the nonhuman primates through a greater knowledge of
their genetics and reproduction, nutrition and disease, ecology and social
organization.

Biomedical and behavioral research accounts for a majority of the
rhesus monkeys bred and managed in captivity. Of approximately 20
species, the other species studied are investigated in a wide range of
research. In my opinion, it would be of benefit to all of those engaged in
these studies and uses, and to the agencies who support them, if 2% of the
budget were put toward conservation in captivity and in the wild. Ben-
efits from such an investment would include a greater appreciation of the
behavioral and ecological requirements of primates, together with more
enlightened methods for maintaining them in captivity. Other benefits
should include an increase in field studies, under competitive and well-
supervised conditions, which would enable improved conservation, sur-
vival, and habitat protection in the wild. These arrangements could be
managed jointly with conservation organizations and zoos to obtain best
critical mass in meeting biomedical and conservation goals. In a confer-
ence such as this, with representatives from all of the major countries
engaged in captive and field primate research, there is no better time or
opportunity to establish such a principle and to build such networks.
Time is not on our side.

ETHICAL ESSENTIALS

The human species faces severe challenges over the next 50 years. The
way in which these challenges are approached will determine the sur-
vival of many animal and plant species, including primates—and per-
haps of the human primate. They include an increase in the human popu-
lation from the current 6 billion to between 10 and 12 billion by 2050,
having already increased from 1.2 billion in 1850 and 2.5 billion in 1950.
The forward projections may be affected by AIDS and other emerging
diseases, or by famine and disorder, each of which also has an impact on
biodiversity.

There is an accelerating pace of habitat destruction, overfarming, habi-
tat islanding, exotic species introductions, and pollution and environ-
mental chemicals that can affect the development, reproduction, fertility,
and health of humans and animals. At the same time, our ability for
learning and advancing knowledge holds the opportunities for overcom-
ing many of these constraints. We must harness and invest the available

Copyright © National Academy of Sciences. All rights reserved.
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resources to best effect. The global approach argued for above, with re-
search and training collaborations that include the developed and less
developed countries, is essential for human and nonhuman primates.

An ethical and suitably regulated framework for primate research is
welcomed and supported by all responsible researchers. ILAR has proven
world leadership in aspects of these developments and in appreciation of
the needs for a continuing dialogue between all concerned, including the
public. This small and select conference, open to all stakeholder organiza-
tions including representatives of “animal rights” groups, is an example
of such foresight. As a strategic reality check of the field, it could be
repeated to monitor progress and the achievement of goals every 2 to 4
years, perhaps in conjunction with other primate society meetings includ-
ing the International Society of Primatologists.

ACTIONS ARE URGENT

In closing, this must not be just another conference that raises issues
without looking to actions. The presence of decision makers from around
the world makes this an unusual opportunity to find solutions. Let me
select and suggest, with respect, the following 10 candidate areas for
consideration during the meeting:

* Global collaboration—Explore all possible ways to develop re-
search and resource networks that ensure value for investment and econ-
omy of materials. Engage researchers especially from nonhuman primate
source countries.

® Basic and strategic research—Give priority to at least a 30% of
budgets investment toward long-term, basic, and strategic research that
will fuel the next era of innovation.

* Emerging issues—Maintain a strategic involvement as new scien-
tific opportunities and challenges arise. Current examples include emerg-
ing diseases and transmission between human and nonhuman primates,
microbiology and biodefense, stem cells, and cell therapies.

® Animal care and welfare—Adopt policies for continuous improve-
ment in standards, as pioneered and developed by ILAR, but with appro-
priate adaptations for country conditions.

® The conservation cycle—Build synergies and critical mass between
captive and field studies in biomedicine and conservation that will ben-
efit both human and nonhuman primates.

® Funding—Dedicate 2% of funding toward both captive and field
research that advances our knowledge of the primate species most stud-
ied in biomedicine and health.

¢ Internet development—Seek innovative ways to make relevant
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information in primate biomedicine and conservation available in devel-
oped and less developed countries. Expand the activities of Primate Info-
net and the World Directory of Primatologists.

e National primate research centers—Maintain these centers as a
national treasure and as a hub for national and international research and
development in primate biology, health, and conservation.

¢ Infrastructure—Where possible, facilitate arrangements for sophis-
ticated analytical equipment, laboratory resources, and information and
communications technologies to be available for joint projects between
developed and less developed countries.

¢ Communication—Engage in a positive dialogue with all relevant
constituencies, explaining the vital need and value of primate research
and the advances that are benefiting human and animal health.
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Sustainable Utilization of Kenyan
Nonhuman Primates for Biomedical and
Conservation Research

Jason M. Mwenda, PhD

The Institute of Primate Research (IPR) is a nonprofit institute that
was established by the Kenyan government in 1960 to conduct biomedical
and conservation research using the East African nonhuman primates.
IPR is a designated World Health Organization (WHO) collaborating cen-
ter for research in reproductive health and tropical diseases and a mem-
ber of the European Union (EU)-supported Primate Vaccine Evaluation
Network. IPR is the only multidisciplinary primate center in Africa.

The Institute of Internal Scientific, Ethics, and Review Committee and
Animal Care and Use Committee review all proposals and study proto-
cols before initiation. These committees ensure that during the conduct of
the biomedical research, the welfare of nonhuman primates is not com-
promised and the study protocols conform to the international guidelines
on biomedical research using nonhuman primates (NHPs).

IPR is currently involved in research in the following areas: repro-
ductive health, tropical diseases, primate medicine (zoonotic infections,
natural and experimental aging processes including Alzheimer’s disease),
primate behavior, ecology, and conservation. Thus, IPR is involved in
research that promotes better health for humans and animals, and espe-
cially the NHPs. In this endeavor, the Institute encourages networking
with other scientists with mutual research interests and that enhances

Institute of Primate Research, Nairobi, Kenya
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local capacity building and promotes regional and international collabo-
ration.
Some notable achievements of the Institute include:

1. Development of the vervet monkey model for cutaneous leishman-
iasis. This model has now been accepted by WHO as an appropriate
model for testing for vaccines and drugs against leishmaniasis.

2. Identification (for the first time) of malaria-like parasites in mon-
keys and investigation of monkeys potentially transmitting malaria to
humans.

3. Development of the baboon as an ideal model for schistosomiasis
research. This model is being used to test the efficacy of candidate vac-
cines. IPR scientists have shown the highest protection level in schistoso-
miasis Mansoni using radiation-attenuated vaccine in the baboon model
(85% protection level).

4. Development of the rotavirus diarrhea monkey model, which will
be valuable for testing rotavirus vaccines to prevent severe diarrhea in
children and elucidating the pathogenesis of rotavirus infection/disease.

5. Establishment of diagnostic tests for screening pregnant baboons
and women for immunological causes of infertility (caused by presence of
antiphospholipid antibodies and endometriosis (characterized by severe
pelvic pain).

6. Development toward a new class of birth control methods (antifer-
tility vaccines) for use by both men and women. Available results of
testing of these vaccines show anti-CG contraceptive vaccines did not
result in adverse effects in female baboons. Similarly, anti-LDH-C4 vac-
cine for men showed effective fertility control in baboons with no evident
side effects. These immunological contraceptives offer advantages over
other fertility control methods in terms of efficacy, reversibility, and safety
and may be more acceptable in the African cultural setting.

7. Development of vervet monkey and baboon models for testing
AIDS drug and vaccines before clinical trials in humans.

8. Recognition of IPR as a center of excellence for biomedical research
using primates (monkeys) and specialized training (undergraduate, M.Sc.,
Ph.D., postdoctoral) and international scientific exchange.

9. Development of effective strategies for conservation of endangered
nonhuman primates (monkeys), including De Brazza monkeys, Tana
River colobus monkey, and crested mangabey.

Twelve Old World monkey species are found in Kenya. IPR has facili-
ties for maintaining 400 monkeys, which represent nine species.

In Kenya, there is an increasing demand on land for urbanization and
agriculture/farming activities, mineral resources, and the establishment
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of timber industries. These activities have increasingly reduced the areas
available to wild primates. Thus, NHPs are commonly regarded as pests,
and farmers often kill the baboons and vervets for crop-raiding. In addi-
tion, due to increased community need for forest resources and farming,
land pressure on the remaining forest patches has led to the genuine
concern for developing effective conservation strategies for the endan-
gered primate species found in Kenya.

IPR, in collaboration with Kenya Wildlife Service and the relevant
government departments, has coordinated efforts for conservation of the
following endangered and threatened NHPs: De Brazza monkey (Cercop-
ithecus neglectus), Angolan black and white colobus monkey (Colobus
angolensis), eastern black and white colobus (Colobus guereza), Tana River
red colobus (Procolobus badius), and Trana River crested mangabey
(Cercocebus galeritus).

In Kenya, the threatened De Brazza monkeys are confined to the
Kakamega Forests and the Trans Nzioa plain, which lies east of Mt. Elgon
and west of the Cherangani Hills. The endangered Tana River red colobus
and crested mangabey are both endemic to forest patches along the lower
Tana River.

In recognition of the need to conserve these two primate species and
their unique habitat, the Kenyan Government gazetted 171 km? in 1976
and established the Tana River Primate Reserve (TRPNR). Ongoing con-
servation studies by IPR scientists in TRPNR are focused on (1) carrying
out primate census and determination of distribution of primates, (2)
evaluating changes in forest sizes in relation to populations of red colobus
and crested mangabey, (3) assessing human and natural impacts in for-
ests along the lower Tana River, and (4) developing management and
conservation strategies for the endangered red colobus and their habitat
along the lower Tana River.

Overall, the Kenyan government and IPR encourage primate conser-
vation programs that encompass community participation, primate trans-
location, and conservation of biodiversity that is geared toward sustain-
able utilization of natural resources.

Copyright © National Academy of Sciences. All rights reserved.



International Perspectives: The Future of Nonhuman Primate Resources, Proceedings of the Workshop Held April 17-19,
http://lwww.nap.edu/catalog/10774.html

Supply and Use of Nonhuman Primates
in Biomedical Research: A South
African Perspective

Jiirgen Seier, PhD, MSc

GENERAL

There are six indigenous nonhuman primate (NHP) species in South
Africa, of which two are used in biomedical research: the chacma baboon
(Papio ursinus) and the vervet—or African green monkey (Chlorocebus
aethiops). This presentation concentrates on these two species.

GEOGRAPHICAL DISTRIBUTION

Baboons occur in most parts of South Africa and across the entire
country, with the exception of the driest areas, and they can be found near
major centers such as Cape Town. Vervet monkeys are much less wide-
spread than baboons and are mainly confined to the eastern parts of
South Africa, with pockets in a few other locations. Vervet monkeys also
occur in and near major centers such as Durban. Both species occur in all
neighboring countries including Namibia, Botswana, Lesotho Zimbabwe,
Swaziland, and Mozambique.

CONSERVATION

The general conservation status of chacma baboons and vervet mon-
keys is “low risk” (Rowe 1996), and neither species is considered threat-

Primate Unit, Medical Research Council, Tygerberg, South Africa
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ened in South Africa, with the exception of certain local populations (e.g.,
Cape Peninsula baboons). Although both species are considered “com-
mon” in many areas where they occur, a lack of national census does not
allow any firm conclusions. A proposal for a national census is currently
being produced. Vervet monkeys and baboons are protected in conserva-
tion areas, but the protection and status outside these areas, particularly
in view of agricultural problems, vary in different provinces.

The controlling bodies for wild and captive populations, importing
and exporting (CITES), and even moving across provincial borders are
the nature conservation departments. To provide some perspective, the
populations in 1981 were estimated to be approximately 20,000 to 25,000
vervet monkeys and 3,600 baboons in all protected areas of Kwa Zulu
Natal (Bourquin 1981), one of nine provinces in South Africa. However,
apart from being dated, such figures are misleading since many NHPs
live outside protected areas, and in some provinces, baboons occur in
considerably larger numbers.

CONFLICTS AND THREATS

As in many other countries with wild populations, in South Africa,
NHPs raid agricultural crops and may vandalize gardens and homes,
where human development has encroached on their territory. Farmers
destroy primates that become agricultural pests, and where the territory
of NHPs is close to urban areas, a number fall victim to car accidents
every year.

As an example, the baboons of the Cape Peninsula, which are an
isolated population of about 350, are a major tourist attraction. The penin-
sula baboons frequently forage on the shore and supplement their diet
with seafood. Residential and other human development has encroached
on their territory to an extent that in certain areas, baboons have taken to
raiding gardens and homes regularly. Presently the mortality rate out-
strips the birth rate. In some scenic spots, visitors have been regularly
feeding baboons, resulting in the baboons being habituated to people,
who exacerbate the problem of large, wild primates near residential/
urban areas.

USE OF NONHUMAN PRIMATES IN BIOMEDICAL RESEARCH
IN SOUTH AFRICA OVER THE LAST 3 YEARS

Although baboons are used mainly, both baboons and vervets are
utilized in all research fields requiring primate models. Of the few pri-
mates used in biomedical research, approximately 210 baboons and 120
vervet monkeys have been utilized annually in 17 facilities nationwide. In
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the last 21 years, there has been a 81% decline in the use of baboons and a
88% decline in the use of vervet monkeys.

SUPPLY OF NONHUMAN PRIMATES

Over the last 3 years, about 3% of baboons and 60% of vervets were
captive bred, and the rest were caught from the wild. Presently only one
facility systematically breeds African NHPs (vervet monkeys) for research.
Local nature conservation authorities must issue permits for trapping
NHPs, and proof of agricultural damage by such primates must be pro-
vided in some provinces. Only authorized trappers receive permits.

Research facilities maintaining NHPs are inspected annually by na-
ture conservation authorities and must apply every year for holding per-
mits, even in the case of captive-bred primates. In some provinces, nature
conservation authorities require an ethically approved study protocol and
proof of agricultural damage before permits for capture are issued. Over
the last few years, there has been an increased reluctance by the nature
conservation authorities to issue capture permits. However, due to the
small number of primates used locally, there are usually no major supply
problems from local sources.

Although there may have been sporadic transfers of small numbers,
there is no provision to other countries and South Africa is not an ex-
porter of NHPs. Moreover, it would be very difficult and costly, if not
impossible, to move NHPs from South Africa since all airlines that oper-
ate transcontinentally from South Africa do not transport primates des-
tined for biomedical research.

PRIMATE FACILITIES IN SOUTH AFRICA

Local facilities, which are designed for small numbers of wild-caught
primates and not for breeding or long-term maintenance, concentrate on
rodents. However, if funding became available, the potential of establish-
ing breeding centers does exist, and there is generally an excellent re-
search infrastructure and expertise.

There are no national or regional centers, and the largest South Africa
facility maintains 250 to 300 vervet monkeys, with the capacity to produce
100/annum. This facility has the infrastructure for long-term maintenance
and has been breeding vervet monkeys for about 25 years, which has
progressed to the second and third generation.

Other facilities typically maintain between 20 and 60 NHPs, mainly
baboons. There are no primate centers in neighboring countries and little,
if any, use of primates in biomedical research.
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CONCLUSIONS

* Vervet monkeys and chacma baboons occur in many parts of South
Africa and across the entire Southern African region.

e Like NHPs in other source countries, vervets and baboons face a
variety of threats and are in conflict with some human activities in South
Africa, but these factors are unlikely to endanger the entire population.

¢ Some of these threats are highly localized (e.g., the Cape Peninsula
baboons).

¢ Although mostly wild-caught primates are used in biomedical re-
search in South Africa, the numbers are small and the effect on wild
populations is minimal if any.

* Most research centers have no facilities for long-term maintenance
and breeding of nonhuman primates, although the potential to establish
such centers exists.

¢ South Africa has not been exporting NHPs with the possible excep-
tion of some sporadic transfers of small numbers.
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Sustainable Primate Resources
Through SPF Breeding Programs
in Indonesia

Joko Pamungkas, DVM, MS, and Dondin Sajuthi

In response to conservation concerns, both nationally and abroad,
over the status of Indonesia’s naturally occurring primate populations,
the Indonesia Department of Forestry enacted a regulation in 1994 that
restricts the export of nonhuman primates to progeny from captive/man-
aged breeding facilities. The Forestry Department also applied a law gov-
erning the quota of wild-caught primates that can be used as breeder
replacements or for research to be conducted in country.

Along with these government policies, the Primate Research Center
at Bogor Agricultural University, in Bogor, Indonesia, in collaborations
with several national and international institutions (e.g., Washington
National Primate Research Center) has established two breeding
facilities in Indonesia. An island natural habitat breeding facility support-
ing an introduced population of simian retrovirus (SRV)-free Macaca
fascicularis was initiated in 1987 on Tinjil Island located off the south coast
of West Java, and an SRV-free M. nemestrina captive-breeding facility in
Bogor was initiated in 1992. Progeny from these two breeding facilities
have been utilized in biomedical research programs in Indonesia and
worldwide.

Primate Research Center, Bogor Agricultural University, Bogor, Indonesia

20

Copyright © National Academy of Sciences. All rights reserved.



International Perspectives: The Future of Nonhuman Primate Resources, Proceedings of the Workshop Held April 17-19,
http://lwww.nap.edu/catalog/10774.html

Use of Nonhuman Primates in
Biomedical Research in India: Current
Status and Future Prospects

A. J. Rao, PhD

India is known for its floral and faunal diversity. This diversity is best
represented by the nonhuman primate (NHP) population found in the
country. Of the more than 30 genera and 130 species of NHPs known
throughout the world, as many as eight genera having 10 species and 38
subspecies are known from India alone (Parthasarathy 1995). Of these
species, seven are exclusively Indian in their distribution: Ananthana ellioti,
Tupaia nicobarica, Macaca assamensis, Macaca radiata, Macaca silenus, Sem-
nopithecus johni, and Semnopithecus geei. An additional five species are
restricted to the tropical, dry, and moist deciduous evergreen forests of
peninsular India: a shrew-like prosimian, a slender loris, two macaques,
and a langur. Indian monkeys belong to one family, Cercopithecidae,
with two subfamilies, Cercopithecinae (the macaques) and Colobinae (the
langurs).

None of the human-like great apes are found in India. The only tribe
of apes inhabiting India is the gibbons, of which a single species, the
hoolock, is found in the forests of Assam and Chittagong. The total popu-
lation estimate of Hylobates hoolock is approximately 170,000 (Mackinnon
and Mackinnon 1987). Macaca silenus (lion-tail macaque) is found in the
evergreen forests of Western Ghats in India. This species is endangered

Primate Research Laboratory and Department of Biochemistry, Indian Institute of Sci-
ence, Bangalore, India
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and its numbers are declining fast. The estimate is less than 2500 as of
2000 (World Conservation Union 2000). It is suggested that this species
seems to be unable to adapt to human settlement.

Another endangered species in the Nilgiris (the Blue Mountains) is
the langur, Semnopithecus johni, which is also found in the dense ever-
green forests of Western Ghats in India. The golden langur, Semnopithecus
geei, and the capped langur/leaf monkey, Semnopithecus pileatus, are found
in the dense forests of Assam. It is reported that there are approximately
950 km? of suitable habitation (decreased from about 1500 km?2 in the
early 1970s) available for the golden langur in India, with an estimated
population of less than 2000 (Choudhury 2001).

The two species of loris monkeys found in India are the slow loris,
Nycticebus coucang, and the slender loris, Loris tardigradis. The slow loris is
found in the forests of Assam, and the slender loris is restricted to South
India (Prater 1980). Despite the fact that several genera and species of
NHPs are found in India, detailed studies on the numbers in the wild and
some aspects of biology are available for only three macaques: Macaca
mulatta (rhesus monkey), Macaca radiata (bonnet monkey), and Semnopith-
ecus entellus (the common langur or hanuman monkey). Of these three,
the bonnet monkey is restricted to the southern states of Karnataka,
Andhra Pradesh, Kerala and Tamil Nadu, and the rhesus is found in
North India and also in some parts of Andhra Pradesh, a southern state.
However, the common langur is distributed all over India from the
Himalayas to Cape Comarin. Of these three macaques, the most widely
used species for biomedical research throughout the world and in India is
the rhesus. Estimates of the numbers in the wild range from 300,000 to
500,000 (Malik 1999; Prater 1980), and they are distributed all over North
India and some parts of Andhra Pradesh in South India.

Demographic studies suggest that rhesus monkeys in India are in-
creasing (Imam and Yahya 2001; Sally Walker, Zoo’s Outreach Organiza-
tion, personal communication, Chennai, India, 2002). The increase is obvi-
ous from the fact that in several cities in North India, they have become a
menace, threatening children and the elderly and snatching food. They
are known to damage crops and property (Imam and Yahya 2001), for
which they are trapped, hunted, and even subjected to government-spon-
sored extermination campaigns. However, the main reason for these ani-
mals to invade urban, populated areas is the loss of their natural habitat
owing to population explosion and subsequent spread of agriculture and
teak, coffee, and tea plantations. As a consequence, there is severe compe-
tition for food, and these animals have invaded human settlements where
they sense availability of food.

Orthodox Hindus consider monkeys as sacred animals to be revered
and protected, and quite often they feed these animals near temples. How-
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ever, if this trend continues, their numbers will increase in the populated
areas, and the subsequent decrease in their natural habitat will eventually
result in a situation involving steps to reduce their numbers. All of this
calls for a comprehensive management plan for these commensals. An-
other undesirable fallout of this urbanization problem is that these mon-
keys, due to close human contact, have become susceptible to diseases,
parasitic infection, and so forth and are therefore unsuitable for research
studies unless they have been certified to be free of diseases (Malik 1999).
In view of this situation, there is an urgent need to restore their natural
habitat, at least in certain densely populated areas.

The other macaque that is widely distributed in South India is the
bonnet monkey, Macaca radiata. Although the rhesus monkey was the
animal of choice for research, thanks to the efforts of Prof. Moudgal and
his colleagues during the last 40 years, the bonnet monkey is now being
used in several laboratories in India. Over the years, considerable infor-
mation on the biology, hormonal profiles, and breeding husbandry of
bonnets has become available (Rao and others 1998.). An official estimate
of the bonnets in the wild was provided by Kurup and colleagues
(RCSRUP 1981). In this study, the estimate of bonnets, rhesus, and lan-
gurs in South India was found to be 310,000 (bonnets: 170,000; rhesus:
50,000; langurs: 90,000). Although this estimate is almost 20 years old,
regional demographic studies indicate that the number of bonnets is also
on the increase. Estimates in 2002 are more than 100,000 for rhesus and
approximately 200,000 for bonnets (Sally Walker, personal communica-
tion, 2002). A study of population parameters revealed that the bonnets
are well adapted to commensal life around human settlements. They are
better tolerated because they are less aggressive than rhesus.

As regards the hanuman langur, demographic parameters indicate a
low reproductive profile (RCSRUP 1981). The population of langurs ap-
pears to be declining. The current estimates range around 29,000, which is
roughly one third the 1981 estimate (Sally Walker, personal communica-
tion, 2002). One possible reason is that these monkeys are not highly
adaptable and are generally shy and withdrawn, living away from hu-
man settlements. With loss of natural habitat, they must compete for the
limited habitat and food, unlike rhesus and bonnets, which have adapted
to life in human settlements.

Of the three species of monkeys that have been used for biomedical
research in India, a large breeding colony of rhesus was maintained at the
Central Drug Research Institute, Lucknow, in 1980, where animals were
used for studies on reproductive biology and toxicology. Currently, how-
ever, no breeding is undertaken there. The other places where rhesus are
maintained are at the All India Institute of Medical Sciences, New Delhi;
National Institute of Immunology, New Delhi; Post Graduate Institute of
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Medical Education, Chandigarh; National Institute of Virology, Pune; and
National Institute of Nutrition, Hyderabad. The animals are used mostly
for reproductive biology studies, contraceptive testing, vaccine develop-
ment, and immunology.

The total number of rhesus monkeys currently under experimenta-
tion in various laboratories in India does not exceed 300. Procurement is
only from the wild, and no captive breeding is undertaken in any of the
laboratories mentioned above. The only place langurs are maintained is
in the Department of Zoology, University of Rajasthan; and even there,
the animals are used for establishing the normal reproductive parameters
such as testosterone levels, sperm counts, menstrual cyclicity, hormonal
profile, and some reproductive biology studies such as contraceptive test-
ing. It is reported that it has not been possible to breed langurs in captiv-
ity, and the total number of animals maintained in laboratories does not
exceed 50.

The largest colony of bonnets is at the Primate Research Laboratory at
the Indian Institute of Science, Bangalore. When financial support was
maximal, more than 500 animals (both wild caught and colony born) were
maintained there. However, the total number of animals maintained at
present is only around 200, of which 50% have been colony born. Over the
last 20 years, an average of 20 births per year has been recorded (Table 1).
As in the case of other centers, the animals are mostly used for reproduc-
tive biology studies. The other laboratories where bonnets are maintained
are the Institute for Research in Reproduction, Bombay, and the National
Institute of Immunology, New Delhi. At both of these places, animals are
merely maintained, and no captive breeding is undertaken. The total num-
ber of bonnets at these two places does not exceed 150.

Thus, the total number of monkeys used in various laboratories is
approximately 700 (rhesus: = 300; bonnets: = 350; langurs: = 50). In addi-
tion, a small number of animals (not exceeding 5-10) are maintained for
behavioral studies. Relative to the availability of NHPs for biomedical
research, the main problems are the restrictions imposed by the Commit-
tee for the Purpose of Control and Supervision of Experiments on Ani-
mals, the government body that supervises animal research. Demographic
data and projected mortality rates for NHPs (particularly for rhesus and
bonnets in the wild) indicate they can be trapped and used for research
without endangering their survival.

It should be noted that demographic studies indicate replenishment
of breeding population at a rate of 31% for bonnets and 36% for the rhesus
monkeys in Southern India. In the case of rhesus, it is also reported that
the net annual population turnover could be tentatively placed at 17%.
On extrapolating this figure to bonnet monkeys, it is felt that a rate of one
third the breeding population replenishment can be considered a safe
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TABLE 1 Fertility Status of Female Bonnet Monkeys in the Controlled
Breeding Program, Primate Research Laboratory, Indian Institute of
Science, Bangalore

No. That Became Pregnant
After Exposure to Male (%)

No. Total No. of
Year Mated 1st 2nd 3rd Pregnancy (%) Deliveries
1981-1982 17 10 (58.8) 4 (23.5) — 82.3 14
1982-1983 45 27 (60.0) 7 (15.5) 3 (6.6) 82.1 37
1983-1984 28 18 (64.3) 4 (14.3) 1(3.5) 82.1 23
1984-1985 35 20 (57.1) 8 (22.8) 1(2.8) 82.7 29
1985-1986 27 16 (59.2) 5(18.5) — 81.4 21
1986-1987 52 31 (59.6) 9 (17.3) 2 (3.8) 80.7 42
1987-1988 47 27 (57.4) 8 (17.0) 3 (6.3) 88.8 38
1988-1989 38 23 (60.5) 4 (10.5) 3(7.8) 78.9 30
1989-1990 30 18 (60.0) 6 (20.00 — 80.0 24
1990-1991 28 17 (60.7) 6(21.4) — 82.1 23
1991-1992 45 27 (60.0) 5(11.1) 4 (8.8) 79.9 36
1992-1993 17 11 (64.7) 3(17.6) — 82.3 14
1993-1994 28 18 (64.2) 4 (14.2) 1 (3.5) 81.9 23
1994-1995 35 20 (57.1) 8 (22.8) 1(2.8) 82.7 29
1995-1996 07 03 (42.8) 2 (28.5) — 71.4 05
1996-1997 12 05 (41.6) 2 (16.1) 2 (16.1) 74.9 09
1997-1998 05 02 (40.0) 1(20.00 — 60.0 03
1998-1999 08 04 (50.0) 2 (25.00 — 75.0 06
1999-2000 20 12 (60.0) 3 (15.0) 2 (10.0) 85.0 17
2000-2001 17 08 (47.0) 3 (17.6) 2 (11.7) 76.4 13
2001-2002 06 03 (50.0) 1(16.6) — 66.6 04
440

NOTE: 440 births in 21 years = 20.95/year.

harvesting level, allowing for likely adult mortality. This replenishment
would be 10% for bonnets and 12% for rhesus populations. In view of
these rates, an annual quota of 5000 for bonnets and 2000 for rhesus in
South India, and definitely a much higher number for rhesus in North
India, can be considered safe for trapping from the wild. However, gov-
ernment restrictions do not permit captures from the wild, and legal regu-
lations stipulate that NHPs procured from government-recognized breed-
ing centers can be used only for biomedical research. Paradoxically, there
are no recognized NHP breeding centers, which essentially means that no
NHPs are legally available for research. In addition, even if such a center
were started right away, it would be at least 5 to 10 years before an animal
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would become available for research. Thus, although sufficient numbers
are present in the wild, they are not made legally available for use and no
animals are available from captive breeding. Finally, even if these restric-
tions are lifted, there is an urgent need for an organized procurement
center for trapping NHPs in the wild, which ensures minimum mortality
and safe transport without disturbing the ecological numbers in the wild.

Currently, transportation of monkeys takes place in a rather unscien-
tific manner. There are no cages designed for transport with minimum
inconvenience, in terms of freedom of movement. The animals are usu-
ally transported in lightweight cages made of iron or bamboo sticks in
trucks during the night to avoid heat. Our own experience has been that
of transporting monkeys in cages with metal rods, one animal per cage in
trucks that reach their destination by overnight journey. During trans-
port, animals are provided with pelleted feed and fruits in addition to
cucumber, which serves as a source of water. However, lack of data on
the pedigree, age, and disease burden of these wild-caught animals is a
problem that must still be faced and solved. One point to be considered
seriously is that even if the animals become available from the wild, it is
desirable to have national primate centers as in the United States, where
captive breeding can be undertaken. Such breeding would ensure that
animals are of known pedigrees instead of the often unreliable wild-
caught animals.

Considering the scenario described above, no NHP animals are cur-
rently exported to any country from India, although before 1977, a total of
500,000 NHPs (including rhesus [80%], bonnets [15%], and hanuman lan-
gurs [5%]) were exported from India (Report of Zoological Survey of
India 2002). The controlling authority for export of NHPs is the Ministry
of Commerce, which makes decisions in consultation with the CPCSEA
and wildlife authorities. Under the circumstances, the only way for mak-
ing the NHPs available for research is to permit their initial capture from
the wild, both for research and for starting breeding centers at selected
national primate centers. In time, the numbers caught from the wild can
be reduced as sufficient numbers from the captive breeding become avail-
able. This strategy is essential due to the fact that with an increase in the
number of NHPs in human settlements, they are also more prone to infec-
tions, thus enhancing the threat of transmission of potential diseases be-
cause of increased contact with humans. They are therefore not very suit-
able for biomedical research. It is pertinent to note that in one study
screening of more than 2000 rhesus monkeys captured in Himalayan foot-
hills, more than 40% tested positive for at least one potentially harmful
disease (Malik 1999). These data are very alarming given the fact that the
animals originally were forest dwelling, with limited contact with hu-
mans.
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In view of the situation described above, the possibility of monkeys in
close contact with human settlements testing positive for several human
diseases is quite high. One way to overcome this problem is to relocate
these monkeys in batches, where forest cover is available, or in sanctuar-
ies, where deforestation is prohibited. However, it has been suggested
that these monkeys should be relocated only in complete or social groups
(Malik 1999). Another way to overcome this problem is to increase their
numbers by captive breeding. Earlier experience has revealed that both
bonnets and rhesus can be very successfully bred in captivity, and at-
tempts should be made to obtain more information on the husbandry of
the hanuman monkey.

Available census data clearly indicate that both rhesus and bonnets
procured from urban settlements can be used after appropriate quaran-
tining and hence can be made available for biomedical research. If this
approach is not implemented soon, there will be disastrous consequences.
In this connection, it is pertinent to quote one of the famous conservation
biologists in India, Igbal Malik (1999):

In India, three primate species in particular are strongly commensals,
namely the bonnet macaque (Macaca radiata), the hanuman langur (Sem-
nopithecus entellus) and, of course, the rhesus (Macaca mulatta). Despite
the damage they are capable of causing, monkeys have benefited from
India’s tradition of veneration for them. Nevertheless, in India, as else-
where, the damage caused by them can put human endurance to the
severest test. This will be particularly true in the years to come given
that the country’s human population will double in a mere 35 years.
Perhaps the species that will be most affected by increasing public disaf-
fection will be the rhesus, since most of them live in sites located near or
even within human settlements. Besides, the traditional veneration of
monkeys could be lost forever. The rhesus could soon be regarded as
intolerable and labeled vermin to be destroyed. It is also possible that
public disaffection for rhesus could spread to some of the other primate
species. In this worst-case scenario, public support for all conservation
projects involving monkeys, commensal and non-commensal alike,
could suffer (p 27-29).

In conclusion, effective management is a task that demands flexible
planning by the national agencies/government bodies and much public
support.
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