Rhesus Macaques (Macaca mulatta) in Biomedical Research
Overview
Rhesus macaques (Macaca mulatta) are one of the most
widely used species of nonhuman primates in biomedical
research with over 70 years of use (Figure 1). The genome
of rhesus monkeys is 93.45% homologous to humans (1),
making them excellent translational models of human
disease. Knowledge of their genome has allowed for more
in-depth evaluation of diseases at the level of the genome
as well as genomic manipulation of the species.
Rhesus monkeys have been used in nearly every area of
biomedical research, including infectious disease and
vaccine development, aging, cardiovascular disease,
metabolic diseases, neurologic diseases, addiction studies,
and cancer research (2). Due to their vast use in biomedical
research, this document is by no means a complete Figure 1. Rhesus macaque.
summary of their use as a translational model and instead Source: Bill Sutton, Oregon
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are used. One of their most well-known influences on
modern medicine is their involvement in the identification of a red blood cell surface
protein known as the Rh factor (which is an abbreviation of “rhesus”) in 1937 (2). This
factor is widely used today in human blood typing. Rhesus were also critical for
development of the polio vaccine in the 1950s (2), an advancement that has prevented
more than 10 million cases of polio-related paralysis in humans (3). These instances are
just a few of many advancements in the scientific and medical fields owed to the use of
this species.
Natural History
Like some other species of macaques, rhesus are medium-sized Old World monkeys
found in many parts of Asia, including India, Afghanistan, Kashmir, Vietnam, Nepal,
Thailand, Bhutan, Bangladesh, China, Laos, Myanmar, and Pakistan (4). They live in both
terrestrial and arboreal habitats that span from the lowlands up to over 12,000 ft in
elevation (4, 5). In the wild, they primarily live in large multimale-multifemale social groups
consisting of 10-50 members and follow a strict hierarchical system dependent on lineage
and association of the female members (6). Rhesus are a sexually dimorphic species that
breed seasonally (6). They are omnivorous, feeding on fruit, seeds, insects, and small
mammals in the wild and typically live up to 29 years, which can be exceeded in captivity
(6).
Although rhesus macaques originate from Asia, there are two major subgroups of this
species: Indian-origin and Chinese-origin. These subgroups differ in appearance, genetic
composition (including allele frequency, mitochondrial DNA, and major histocompatibility

complex loci), and susceptibility to certain diseases (7, 8, 9). For example, Indian-origin
rhesus macaques are highly susceptible to infection with Simian Immunodeficiency Virus
(SIV), a viral analogue to Human Immunodeficiency Virus (HIV), whereas Chinese-origin
rhesus are more resistant to infection and tend to have a slower disease progression (10).
These differences highlight the importance of choosing specific species or subgroups of
a species for research studies.
Models of Disease
Infectious Diseases
Rhesus are commonly used to model HIV infection, as the species is susceptible to a
similar virus, SIV. Asian species of macaques, including rhesus monkeys, infected with
SIV develop Simian Acquired Immunodeficiency Syndrome (SAIDS) and exhibit a
disease similar to human AIDS (11). As mentioned above, the disease susceptibility and
progression vary between different subgroups of rhesus macaques; however, Indianorigin rhesus infected with SIV typically develop SAIDS within 1-2 years after infection
(12). In addition, the particular strains of virus used for infection can be altered to change
the progression of disease or amplify a particular aspect of disease to better model
specific syndromes observed in human patients. For example, some strains preferentially
target the nervous system and are better at modeling neurologic abnormalities observed
in HIV-infected humans (12, Figure 2). Studies with SIV-infected rhesus macaques have
provided invaluable knowledge of how HIV interacts with cells in the body in order to
develop antiretroviral therapies, novel adjunctive treatments, and vaccines (13-16).
There are numerous viral, vector-borne, and bacterial diseases that infect rhesus
macaques (17), providing a useful model for examining the course of disease,
development of novel treatments, and testing vaccinations. Some examples include Zika
Virus, Yellow Fever Virus, Dengue Virus, West Nile Virus, and tuberculosis (18-23).
Further, although the presentation of disease in rhesus differs from that observed in
humans, rhesus have been pivotal in development of vaccines against SARS-CoV-2 and
treatments for COVID-19 (24, 25).

Figure 2. Brain tissue from a SIV-infected rhesus macaque indicating severe
inflammation of gray matter (left) and degeneration of white matter (right). Source:
Abee CR, et al. 2012. Nonhuman Primates in Biomedical Research. 2nd Edition.

Type 2 Diabetes Mellitus
Macaques are excellent models of human metabolic diseases, such as type 2 diabetes
mellitus. Diabetes can develop spontaneously or be induced experimentally in rhesus
macaques fed a diet high in fat and cholesterol. Characteristics and pathologic
progression of diabetes in macaques are similar to those observed in humans, including
an elevated fasting blood glucose level, obesity, insulin resistance, and accumulation of
a protein called amyloid within the pancreas (26-29). These striking similarities in disease
progression allow for evaluation of risk factors contributing to development of diabetes,
the effect of environmental factors such as diet and stress on disease development,
progression of type 2 diabetes, and the study of novel pharmacologic therapies to treat
diabetes. Not only are rhesus macaques ideal models of the disease itself, but they also
develop many diabetes-related sequelae observed in human cases, such as
cardiovascular disease and atherosclerosis (30), retinopathy (31), nephropathy (32), and
lipid accumulation in organs, allowing for adjunctive study of these co-morbidities as well.
Neurodegenerative Diseases
Macaque species are especially useful for studying
neurodegenerative conditions. One advantage of
using macaques over other species is the ability to
perform cognitive testing and objectively measure
cognitive decline during disease progression.
Interestingly, rhesus have cognitive capabilities at
different life stages similar to those recognized in
humans and have been shown to develop gradual,
progressive cognitive decline as they age (33-39).
Moreover, macaques have similar neuroanatomy and
neurophysiology to humans (40), allowing for direct
correlation of findings.
Figure 3. Brain tissue from a 35-year

There are several neurologic diseases and features of old rhesus macaque demonstrating
neurodegenerative diseases in humans that either Aβ plaques (brown). Source: Haque
occur naturally or can be induced in rhesus monkeys. RU and Levey AI (2019) PNAS.
Aged rhesus monkeys are frequently used to study
brain mechanisms involved in development of Alzheimer’s Disease, as they naturally
accumulate misfolded proteins (Aβ amyloid) in their brain similar to those typically
observed in human patients (41-43, Figure 3). Despite the development of these lesions,
macaques don’t tend to develop any neuronal loss or dementia-like conditions, which are
features often exhibited by humans with Alzheimer’s Disease (37-39). This highlights one
way in which differences in disease progression of an animal model can be useful in the
study of human diseases. Parkinson’s Disease can be induced experimentally in rhesus
by administration of a compound called 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) (44). These animals have been shown to have similar loss of brain cells
(dopaminergic neurons), motor dysfunction, and behavioral abnormalities observed in

human Parkinsonian patients (44), providing a comparable model for novel therapy
development. Huntington’s Disease can also be induced experimentally by genetic
expression of the mutant gene responsible for development of Huntington’s Disease,
HTT, in rhesus monkeys (45, Figure 4). Animals expressing HTT exhibit abnormal
movements (dystonia and chorea) and pathology seen in humans with Huntington’s
Disease (45). Multiple sclerosis (MS) is another inducible neurodegenerative disease
model in rhesus, which is generated by administration of certain proteins (myelin
oligodendrocyte glycoprotein or myelin basic protein) into the brain. This induces an
autoimmune response (immune system targeting normal tissues) and leads to
inflammation and gradual loss of white matter in the brain (46-49). These models of
neurodegenerative diseases have allowed for thorough study of the origin and
progression of disease as well as significant advances in development of novel

Figure 4. Transgenic infant rhesus macaques that express a mutated human huntingtin gene to induce
Huntington’s disease (left). Successful insertion of the transgene in these animals is tracked by
simultaneous expression of green fluorescent protein (right). Source: Yang SH, et al. (2008) Nature.

treatments.

Heritable Diseases
Many diseases occur due to mutations within an individual’s DNA, which sometimes can
be passed onto their children. Rhesus macaques have been found to harbor some of the
same mutations, making them useful models for several heritable conditions. One
example is a disease called Bardet-Biedl Syndrome (BBS), caused by mutations that lead
to altered structure and function of cilia within the body (50). This syndrome is
characterized by retinal dystrophy, obesity, cardiac abnormalities, developmental delays,
and renal dysfunction, among other deficits, and develops slowly throughout an
individual’s childhood or early adulthood (50). A small population of rhesus macaques at
the Oregon National Primate Research Center were discovered to have a genetic
mutation that causes BBS development (51), allowing these animals to participate in the
characterization of disease and development of therapies for this condition. Age-related

macular degeneration (AMD) is another condition influenced by genetic mutations at
several loci in both humans and rhesus macaques (52). This disease is characterized by
deposition of proteins and lipids in the deep layers of the retina, i.e. drusen, and
progresses to central blindness (52, Figure 5). AMD has been observed in aged rhesus
within many populations and mimics early to intermediate human disease, making
monkeys useful models for testing novel therapeutics (52). Some human cancers are
caused by genetic mutations, including Lynch Syndrome, one of the most common
inherited nonpolypoid colorectal cancers (53). This form of cancer is induced by mutations
in several genes, one of which was identified in rhesus macaques and also causes
nonpolypoid colorectal cancer in this species (53). Rhesus monkeys, especially those
with this specific mutation, are currently being studied for screening techniques and
development of novel treatments for colon cancer. There are a multitude of other genetic
diseases that have been identified in rhesus monkeys as well as other nonhuman primate
species that can be found on the NPRC website: https://nprcresearch.org/primate/newmodel-development/model-citations.php.

Figure 5. Retina of a normal rhesus macaque (left), and two rhesus macaques with drusen (middle and
right, arrows), a characteristic of age-related macular degeneration. Source: Francis, P. J., et al. (2008)
Human molecular genetics.

Other Areas of Research
There are numerous other areas of research in which rhesus macaques have been used,
including drug and alcohol addiction (2), metabolic diseases (23), radiation exposure and
therapies (45), cardiovascular disease (8), reproduction and contraception development
(49), anesthesia (4, 37), and organ transplantation (1), to list a few.
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