
IACUC Review of Nonhuman Primate Research

Suzette D. Tardif, Kristine Coleman, Theodore R. Hobbs, and Corrine Lutz

Abstract

This article will detail some of the issues that must be
considered as institutional animal care and use committees
(IACUCs) review the use of nonhuman primates (NHPs)
in research. As large, intelligent, social, long-lived, and non-
domesticated animals, monkeys are amongst the most chal-
lenging species used in biomedical research and the duties
of the IACUC in relation to reviewing research use of these
species can also be challenging. Issues of specific concern for
review of NHP research protocols that are discussed in this
article include scientific justification, reuse, social housing
requirements, amelioration of distress, surgical procedures,
and humane endpoints. Clear institutional policies and proce-
dures as regards NHP in these areas are critical, and the dis-
cussion of these issues presented here can serve as a basis for
the informed establishment of such policies and procedures.
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Introduction

N onhuman primates (NHPs) have a unique position in
biomedical research related to their close phyloge-
netic proximity to humans. This close proximity of-

ten serves as the basis for scientific justification of their use
in research. However, it also creates significant challenges in
ensuring that their physical and psychological needs are met.
As large, intelligent, social, long-lived, and nondomesticated
animals, monkeys are among the most challenging species
used in biomedical research. This article will detail some of
the issues that must be considered as institutional animal

care and use committees (IACUCs) review the use of NHPs
in research. The article will deal only with monkeys—not
apes—and approaches this subject from the standpoint of US
legal and regulatory requirements and policies. For a review
of requirements and policies in other countries, see Bayne
and Morris (2012).

Justification of the Choice of a Nonhuman
Primate Species

In many cases, the question of scientific justification for us-
ing nonhuman primates (NHPs) will have been adequately
addressed by the scientific review of a funding agency (e.g.,
the National Institutes of Health). However, there will remain
cases where the institutional animal care and use committee
(IACUC) is required to make decisions regarding justifica-
tion without previous review by a scientific review commit-
tee. In those cases, the committee must seriously consider
and understand the goals of the research.
Because of their high level of intelligence, NHPs are often

perceived as requiring a more stringent justification for their
research use. Use of species with the lowest degree of
sentience is not a regulatory requirement; however, from the
earliest elaborations on the concept of the Three Rs (replace-
ment, reduction, and refinement), replacement was proposed
to include replacement of more-sentient species with less
-sentient species (Russell and Burch 1959; discussed in
Bayne and Morris 2012). However, that replacement is only
justified if the scientific goals of the study can be met with a
less -sentient species. Recent publications, for example, have
begun to question the validity of applying results from
mouse models to humans (Seok et al. 2013) and the extent to
which the use of a very limited number of model organisms
constrains our understanding of basic biology by limiting
the questions we ask and how we ask them (Bolker 2012).
Although the investigator should justify why a less-sentient
species was not selected, the IACUC must consider the
justification of the choice of an NHP species in light of
the goals of the study, neither automatically rejecting this
choice because NHPs are more-sentient species nor automat-
ically accepting this choice because NHPs are most closely
related to humans. The IACUC may wish to draw upon ex-
pertise from outside the committee to answer questions re-
garding justification if the committee does not feel it has the
requisite expertise.
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Number of Animals and Reuse

Monkeys are long-lived, extremely valuable animals. Many
studies that use NHPs are not terminal in nature, and it is rela-
tively common for a monkey to be used in more than one
study over the course of its life span. For example, an animal
may be used in its early adulthood for one set of studies and
for a different purpose once that animal is geriatric. Also,
monkeys are often trained to perform behavioral tasks that
make them especially valuable for future studies that require
the same behavioral tasks to be performed. Although repeated
use of a given animal is clearly not to be justified based upon
reduced animal use or costs, the nature of studies with NHPs
will often entail repeated use of subjects over many years.
Because of this type of use, the IACUC and the institutional

animal care program may be required to consider the welfare
of given monkeys in a broader sense (i.e., the lifetime welfare
of that animal). Use in repeated studies over a long lifetime
does not, in and of itself, indicate a welfare concern. However,
it does mean that the IACUC may wish to consider previous
uses of a given animal, factoring in the level or degree of in-
terventions, as part of a set of criteria to determine whether
continued use in future studies meets the institution’s require-
ments for ensuring the welfare of that animal.

Distress

Definition of Distress

One of the main focuses of protocol reviews is to ensure that
pain and distress are minimized. This reduction in pain and
distress is reiterated throughout regulatory and welfare docu-
ments, including the Animal Welfare Act regulations (7 U.S.
C. §§ 2131–2159 [2008]; 56 F.R. §§ 6495–6505 [1991]), the
European Union’s Directive (European Parliament 2010),
and Guide for the Care and Use of Laboratory Animals
(National Research Council [ NRC] 2011). Still, although
distress is often discussed, the term is not always clearly
defined. For example, although “distress” is used more than
30 times in the Animal Welfare Act (7 U.S.C. §§ 2131–2159
[2008]) regulations, it is never defined therein. In animal
welfare literature and elsewhere, distress is often used inter-
changeably with “stress.” However, there are key distinctions
between the two terms. Stress is typically considered to oc-
cur when there is “an actual or perceived perturbation that
causes alterations to physiological homeostasis or psycho-
logical well being” (NRC 2008). Distress has been defined
as an aversive state in which an animal fails to cope with
stress (NRC 2011). In other words, when animals cannot
cope with stress, it can lead to a state of distress. The NRC’s
Recognition and Alleviation of Distress in Laboratory
Animals (2008) provides an excellent description of stress
and distress in a captive environment.
Stressors aren’t inherently negative or harmful. Some

stressors can relieve boredom and help the animal learn to
cope with various factors in their environment (Koolhaas

et al. 2006). Even negative stressors do not necessarily lead to
compromised well-being or distress. However, an animal’s
failure to cope with these stressors or stress that is chronic in
nature can cause distress. As an example, temporarily remov-
ing a monkey from its social group is likely an acute stress for
the individual but probably not a source of distress. Permanent
removal from a social group, on the other hand, may cause
distress. IACUC reviewers and principal investigators should
understand the difference between stress and distress. Reduc-
ing sources of acute stress is always a goal of experimental re-
finement, whereas chronic stress and distress are more serious
issues and should be approached with the same diligence as
pain in research protocols (i.e., minimized or eliminated).

Distress is an internal state, and most NHPs are often stoic;
therefore it can be difficult to tell when NHPs are experiencing
distress. A common sign of distress in NHPs is a change in
normal behavior patterns. Common examples of changes that
may indicate distress include increased or decreased vocaliza-
tions, development of stereotypical or self-injurious behav-
iors, and a change in temperament (e.g., sudden onset of
aggression in a normally friendly monkey). To identify chang-
es in behavior, one must have a good understanding of what
behavior is normal for the species as well as for the individual.
This point underscores the importance of having a highly
trained and attentive staff working with NHPs.

Assessing Distress

There are several factors to consider when assessing distress
for an IACUC review. In general, procedures that may cause
pain or distress to humans should be assumed to cause pain
and distress in NHPs. However, there can be vast differences
in how individuals respond to procedures. Factors such as spe-
cies, age, sex, and even personality can affect how individuals
respond to various stressors. Events or situations that are
stressful to one individual might have no discernable effect on
another. For example, separation from a social group is likely
more stressful for a young monkey than an older monkey.
Even short-term separations from mother can have both acute
and long-term effects for infant macaques. Older macaques,
on the other hand, do not typically show the same distress be-
haviors in response to temporary social separation. Shy or
anxious individuals may become more distressed by certain
procedures than exploratory or bold individuals. For example,
in a study examining cognitive enrichment in chimpanzees,
stress-sensitive individuals were more likely than stress-
resistant subjects to become agitated by incorrect responses
(Yamanashi and Matsuzawa 2010). Because of this individual
variability, it is imperative staff are aware of normal behaviors
for individual animals and are trained to identify potential
signs of stress and distress in these animals.

It is also important to ascertain whether procedures can af-
fect individuals other than the one undergoing the procedure.
IACUC members should take these indirect sources of dis-
tress into account when reviewing protocols. As an example,
protocols involving infant NHPs often require frequent
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separation of the infant and its mother. In this example, IA-
CUCs and others typically assess the amount of distress to
the infant. However, recurrent infant removals are likely both
emotionally and physiologically stressful for the mother as
well ( particularly if she needs to be sedated for the separa-
tion). Further, removing an infant from a mother often results
in agitation among other individuals in the room. Therefore,
protocols should evaluate and address the potential distress
not only to the subject but also to other individuals. In these
situations, there may be need for post approval monitoring.

In addition, some projects may result in ongoing, residual
distress. As an example, studies of addiction often involve
the ingestion of alcohol or other addictive drugs. These
drugs may not cause a great deal of distress to subjects while
they are on the study; however, sudden cessation of an addic-
tive substance may result in severe withdrawal symptoms
identical to those observed in humans. Further, the long-term
physiologic damage addictive drugs are known to cause may
impair an animal’s future health and well-being. These sorts
of protocols should address how distress will be alleviated
even if it occurs after the project is “finished.”

Another factor primary investigators and IACUCs should
evaluate is the potential additive effects of various procedures.
Because NHPs are so valuable as experimental subjects, they
are often assigned to serial studies (as detailed above). Even
within one study, they often receive more than one procedure.
Procedures may be approved by the IACUC at various times
(through modifications). Although an individual procedure
may appear benign and not be expected to cause a great deal
of distress to a subject, the additive effect of multiple, dispa-
rate procedures may result in significant animal distress. To
date, there are no clear rules about how many procedures are
“too many” within a protocol or within the lifetime of a re-
search animal or how the level or degree of any given inter-
vention should figure into these assessments. This
information would be a great refinement to research protocols
and would help IACUCs ensure that distress is minimized.

How to Alleviate Distress

There are ethical as well as scientific reasons for minimizing
distress. Reducing pain and distress for laboratory animals is
the main tenet of “refinement,” one of the Three Rs (Russell
and Burch 1959). The Three Rs are widely recognized as
guiding principles for the ethical use of animals in research
and are implicit in the review of protocols. From a scientific
perspective, distress and the stress underlying it can negatively
affect the physiologic and psychologic well-being of subjects.
Stress can alter many physiologic parameters, which can, in
turn, negatively impact scientific outcomes. Therefore, it is
important for protocol reviewers to be aware of procedures
that can cause stress, both directly and indirectly, as well as
some practices that might help mitigate distress.

There are several ways to minimize distress for laboratory
primates. IACUC reviewers should be aware of these and en-
courage their use.

Refine Procedures within the Protocol

First and foremost, principal investigators should search for
alternatives to procedures known to cause pain and distress.
Information about such refinements to technologies or proce-
dures can be obtained through literature searches, scientific
meetings, or consultation with experts. The continuance of
distressful procedures when less-distressful alternatives have
been developed and are available that will meet the scientific
objectives should not be allowed. An example of a procedur-
al refinement is replacing traditional open laparotomies with
laparoscopic surgeries. Laparoscopic surgeries are less inva-
sive, less painful, and result in faster recovery than tradition-
al laparotomies. Another example is the development
of subcutaneous min pumps that deliver a constant drug/
hormone dose without subjecting animals to frequent injec-
tions. IACUC reviewers should have confidence that the
principal investigator has investigated all alternatives.
In many cases, performing different procedures at the

same time can be a refinement, particularly when doing so
reduces the number of times an animal must be handled or
sedated. Scientific procedures requiring sedation can also be
paired with husbandry or clinical procedures such as tuber-
culosis testing or physical exams to reduce the number of
times animals are sedated. Ketamine hydrogen chloride and
other similar sedatives are often thought to be innocuous;
however, they can have residual effects. Ketamine use has
been correlated with increased cortisol levels and decreased
appetite after recovery in macaques (Crockett et al. 2000).
Therefore, efforts to reduce the frequency of its use should
be considered.

Training

The use of positive reinforcement training (PRT) to train ani-
mals to cooperate with various research or husbandry proce-
dures can help reduce stress associated with these
procedures. For this reason, the incorporation of PRT into a
protocol is a significant refinement and should be used when
possible. PRT is a type of operant conditioning in which the
subject is presented with a stimulus (e.g., a verbal com-
mand), responds by performing a specific behavior (e.g.,
present a body part for injection), and is provided with posi-
tive reinforcement (e.g., food treat). Several species of NHPs
have been trained to accept venipuncture, to remain station-
ary for injection, or to move to a new location in their cage
using PRT techniques.
There are many benefits associated with PRT. It desensi-

tizes animals to potentially stressful stimuli, such as injec-
tions (Schapiro et al. 2005), thereby reducing fear and
anxiety related to these procedures. In addition, by allowing
individuals to cooperate with the procedures (i.e., they can
choose whether they want to participate), PRT provides sub-
jects with a sense of control over their environment (Laule
et al. 2003). Studies have shown that PRT can promote over-
all well-being and reduce stress and distress. It is also a way
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of communicating to the animal what will happen, thereby
instilling predictability.
Habituation and desensitization are techniques of PRT

that can be used to help reduce stress associated with proce-
dures. In habituation, animals are exposed to the stressful
stimulus (e.g., presence of a needle) in an effort to “get used
to it.” Desensitization is a more active process in which the
aversive stimulus (e.g., being touched with a needle) is
paired with a positive reward (i.e., treat). Through this pair-
ing, procedures become less stressful. The animals also have
some control, in that their response to the stimulus deter-
mines the outcome. For example, NHPs can be desensitized
to the squeeze-back mechanism of the cage by having the
trainer slowly move the cage forward and provide a treat to
the animal for remaining calm. If the animal does not remain
calm, then the squeeze-back is returned. These processes can
reduce distress for the animals. The importance of this kind
of training has been highlighted by its recent inclusion in the
8th edition of the Guide to the Care and Use of Laboratory
Animals (NRC 2011).
It is important to recognize that not every animal will

habituate to every situation. For example, although most
animals readily habituate to procedures such as wearing a
jacket ( for tether situations), sitting in a primate chair, or
wearing an activity collar, there are some animals that never
adapt. IACUC reviewers should expect principal investiga-
tors to include information about how they will determine if
an animal is not habituating to a procedure and what they
will do in that situation. Examples of behaviors that may
indicate animals are not habituating to a procedure include
agitation, distress vocalizations, and self-injurious or other
self-directed behaviors.

Socialization

Most NHPs are social, and thus being housed without a con-
specific can be a significant source of distress. Therefore, as
discussed in the subsequent section, reviewers should pay
close attention to how animals will be housed during the pro-
tocol. Social housing can help reduce stress and help animals
better cope with stressful stimuli. For example, marmosets
relocated to a novel room with a conspecific showed fewer
physiologic effects than those moved by themselves (Smith
and French 1997). For this reason, strategies that maximize
social housing with conspecifics are also significant protocol
refinements that should be considered. However, there may
also be costs associated with social housing if animals need
to be removed and reintroduced frequently for procedures.
Because frequent disruptions is stressful to the entire group,
subjects in protocols requiring many procedures may be bet-
ter off pair housed than group housed. The reviewers must
weigh the costs and benefits of various housing options.
When social housing with conspecifics is not an option,

socialization with a trusted caregiver may be used to help re-
duce distress. Such positive interactions, which can be
achieved through provision of treats or PRT, can reduce ab-

normal behavior and other indices of distress in a variety of
NHP species. Such interactions are often best if performed
by one or two caregivers.

Enrichment

Predictability and control over the environment are important
factors in the transition between stress and distress. Animals
that can predict when a stress is likely to occur or control the
duration of the stressors show fewer signs of distress than
others (NRC 2008). One way to provide animals with a
sense of control is to provide them with the ability to make
choices for themselves. This can be accomplished, at least to
a degree, by the provision of environmental enrichment.

Although enrichment per se may not be part of the proto-
col review itself, it should be addressed in situations in
which distress is possible. For example, protocols that re-
quire single housing of NHPs should discuss additional en-
richment that will be provided, including items such as
mirrors, foraging puzzles, or increased interaction with care-
givers. Enrichment can also help individuals cope with pro-
cedures that may cause stress. For example, providing
monkeys with play time in an activity cage can help reduce
anxiety toward restraint in a primate chair (McGuffey et al.
2002). When protocols include procedures for which distress
is expected, the IACUC should consider requesting the pro-
vision of enrichment to help alleviate the distress.

Define Humane Endpoints

It is important for principal investigators to clearly establish
humane endpoints, not only for pain but also for distress (see
Endpoint Determination). Such endpoints for distress should
address how to recognize when a distress is unable to be alle-
viated. For animals that develop behavioral problems such as
self-injurious behavior, factors that may be put into place in-
clude removal from the study, pharmacologic intervention,
or euthanasia.

IACUC Determination of Distress

Ultimately, it is the responsibility of the IACUC to decide
the level of tolerable distress for each protocol. This decision
is likely to be based on several factors, including the number
of animals involved, the impact on human and/or animal
health, and the duration and extent of the stressor.

Social Housing Issues

Background

Primates in the wild live in a variety of social groupings
ranging from family units consisting of a mated pair and
their young (e.g., marmosets), to one-male “harem” groups
consisting of an adult male, several females, and their young
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(e.g., hamadryas baboons), to multi-male, multi-female
troops consisting of several adult males, adult females, and
their young (e.g., rhesus macaques (Napier and Napier
1994). Regardless of the species, NHPs spend much of the
day interacting with members of their social group.

Current guidelines regarding the housing of laboratory
NHPs reflects the importance of primate sociality by ad-
dressing their social needs in captivity. The 8th edition of the
Guide for the Care and Use of Laboratory Animals (NRC
2011) emphasizes that social contact is essential to primate
well-being and that facilities should address the social needs
of NHPs. “Single housing of social animals should be the
exception and justified based on experimental requirements
or veterinary-related concerns about animal well-being”
(NRC 2011, p. 64). Similarly, the Animal Welfare Act
(7 U.S.C. §§ 2131–2159 [2008]) requires that research facili-
ties develop a plan for environmental enrichment “adequate
to promote the psychological well-being of nonhuman pri-
mates” (7 U.S.C. §§ 2131–2159 [2008], section 3.81), which
includes their social needs. This view that NHPs have social
needs is reflected in the literature and is based in large part
on the extent of their social interactions in the wild (Novak
and Suomi 1991; Reinhardt et al. 1995).

However, not all captive NHPs can be housed in social
groups. There may be scientific justifications for an exemp-
tion to social housing (i.e., an investigator may demonstrate
that a study requires single housing to maintain scientific
validity). Alternatively, some individual monkeys may be
debilitated, aggressive, or incompatible and cannot safely
be housed with conspecifics. Sick animals may need to be
separated to prevent disease transmission. Such non scien-
tific exemptions may be made by the attending veterinarian
or the IACUC of a research facility and must be reviewed
every 30 days unless the exemption is made permanent (Ani-
mal Welfare Act, 7 U.S.C. §§ 2131–2159 [2008], section
3.81). Lack of appropriate caging is not a valid reason for an
exemption. When animals are singly housed for a valid
experimental, clinical, or behavioral reason, single housing
should be limited to the minimum length of time required,
and the need for single housing should be reviewed by the
IACUC and veterinarian on a regular basis. In addition, visu-
al, auditory, olfactory, and tactile contact with compatible
conspecifics should be provided along with supplementary
enrichment and positive human interaction (NRC 2011).

Housing Options

There are many questions to answer when determining the
most appropriate type of housing for NHPs. Examples of
these questions include: What are the research requirements?
How often/how easily does the animal need to be accessed?
How compatible are the individuals? What are the health im-
plications of the housing choice? How long will the animal
need to remain in this type of housing? In general, laboratory
housing of NHPs can be divided into three main categories:
single housing, pair housing, and group housing. Within

these main categories, there are many additional options. For
example, intermittent contact may be used as an alternative
to continuous contact. This may include separating groups
overnight when fewer personnel are available to monitor be-
havior, separating a pair when feeding special diets or col-
lecting samples such as urine or feces, or socially housing
the animals during some phases of the study but not others.
Alternatively, if the research design allows, perhaps some
(compatible) subjects could be paired, whereas other (incom-
patible) subjects could remain separate. Although these are
only a few examples of decisions that need to be considered,
they demonstrate the complexity of housing choices and
their potential impact on the animals’ behavior and well-
being. Therefore, investigators need to include behaviorists
and veterinarians in this aspect of the study design to deter-
mine the best housing situation to accommodate both the
needs of the animals and the needs of the research.

Single Housing

Single housing consists of one animal using a single space.
The benefits of single housing may include easy access to
the animal, reduction in disease transmission, and elimina-
tion of wounding from fights. Single housing also makes
sample collection, such as the collection of urine or feces,
easier. However, these benefits also come at a cost. For ex-
ample, the immune responses of singly housed animals were
shown to differ from those housed socially, which may have
an impact on immunologic research (Schapiro et al. 2000).
In addition, because primates are social animals, when they
are singly housed, they exhibit a reduced repertoire of
species-typical behavior and may lack coping strategies for
dealing with environmental stressors;these effects are best
defined in macaques (Novak and Suomi 1991). Singly
housed macaques are also at a greater risk of exhibiting ab-
normal behavior and self-inflicted wounding (Lutz et al.
2003).The detrimental effect of single housing is most no-
ticeable in infant monkeys. Those reared in isolation develop
a syndrome that includes crouching, self-clasping, self-
sucking, and rocking, particularly when stressed (Harlow and
Harlow 1962; Mason and Sponholz 1963), and the greater the
early social deprivation, the more likely they exhibit fearful
and withdrawn behavior (Sackett 1967). Although the rearing
of infants individually is not used as a standard practice, the
housing of older animals in individual cages is not uncommon
in laboratory facilities. As with infants, housing adults indi-
vidually also comes at a behavioral cost. Single housing at an
early age or for an extended period of time has been shown to
increase the likelihood of behaviors such as motor stereotypy,
eye poking, hair pulling, self-grasping, self-biting, and self-
injurious behavior (Lutz et al. 2003; Vandeleest et al. 2011),
and the proportion of the first four years spent in single hous-
ing has been shown to be positively associated with abnormal
behavior (Bellanca and Crockett 2002). Because of such costs
to the animal, the decision to use this form of housing needs
to be carefully weighed.
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Protected- or grooming-contact caging is a form of single
housing that allows for some physical contact through wide-
ly spaced bars that separate the animals. The monkeys can
physically interact, but they cannot enter each other’s cage.
The benefit of this form of housing is that it allows for indi-
vidualized feeding and sample collection (e.g., the collection
of urine and feces) while also allowing for an increased
amount of social contact (e.g., grooming), natural behavior,
and individual choice or control (Crockett et al. 1997), al-
though it does not mimic the effects of true social housing in
all circumstances or in all species (Baker, Crockett, et al.
2012). Protected-contact caging may more closely mimic so-
cial housing in some species (e.g., long tailed macaques)
than in others (e.g., rhesus macaques) (Baker, Crockett, et al.
2012 ; Lee et al. 2012). Grooming-contact pairs appear to be
most compatible if one of the pair is female. For example, in
one study, 100% of female/female and male/female long-
tailed macaque pairs were successful, whereas 89% of male/
male pairs were compatible (Crockett et al. 1997).

Pair Housing

Pair housing is defined as two animals occupying the same
space. Because social interactions are a key component of
primate natural history, social housing, such as pair housing,
is considered to be the most effective form of enrichment for
non-group-housed laboratory macaques (Lutz and Novak
2005). Unlike single housing, pair housing allows for a
greater expression of species-typical behavior such as
grooming and social play (Crockett et al. 1994; Eaton et al.
1994; Schapiro and Bloomsmith 1994). Because social stim-
ulation can be variable and unpredictable, it is less likely to
result in habituation than other inanimate forms of enrich-
ment. For example, after more than 1 year together, paired
rhesus macaques spent more time with each other than with
an inanimate object, demonstrating a lack of habituation
(Reinhardt 1990). Pair housing has also been reported to re-
duce abnormal behavior in captive macaques (Baker,
Bloomsmith, et al. 2012; Eaton et al. 1994; Reinhardt 1999;
Weed et al. 2003), and a compatible social partner may serve
as a buffer and aid in stress reduction, although the results
for stress reduction are variable (Baker, Bloomsmith, et al.
2012; Doyle et al. 2008; Gilbert and Baker 2011). Additional
studies reported that paired juvenile rhesus macaques re-
quired less clinical treatment and therapy than did singlyor
group-housed animals (Schapiro and Bushong 1994), and
there was no difference in health measures or weight be-
tween paired and singly housed adult female rhesus ma-
caques (Eaton et al. 1994). With respect to research, pairing
did not have an impact on biomedical implants such as crani-
al and eye implants or on controlled access to water (Roberts
and Platt 2005). Pair housing is also an option for studies us-
ing operant behavior testing, but housing may affect some
test parameters, which should be assessed during experimen-
tal design (Hotchkiss and Paule 2003).

As with single housing, the benefits of pairing can come
at a cost. Severe wounding and lacerations are a risk (Abney
et al. 2011; Crockett et al. 1994). Not all pairs are successful,
but some pairings are predicted to have better outcomes than
others. For example, female pairs tend to be more successful
than male pairs (86–100% vs. 51–92% success) (Abney
et al. 2011; Crockett et al. 1994; Eaton et al. 1994; Reinhardt
2002), and juvenile pairs tend to be more successful
than adult pairs (100% vs. 51–92%) (Abney et al. 2011;
Reinhardt 2002). When pairs were deemed incompatible, it
was often because of persistent fighting, wounding, or food
monopolization (Baker, Bloomsmith, et al. 2012).Because
of the potential for wounding, one needs to weigh the costs
and benefits for each pair. For example, young animals that
would be housed together for an extended period of time
would benefit greatly from pairing. However, if adult male
macaques are to be paired for a brief period of time (e.g.,
less than a month), the benefits of pairing may not outweigh
the risk of wounding and physical harm.

Although small New World monkeys, such as squirrel
monkeys and marmosets, are also social in nature, their reac-
tion to pair housing attempts may be quite different from that
observed in macaques. For example, as opposed to macaques
or baboons that naturally live in large multi-male, multi-
female groups, marmosets normally live in groups with only
one reproductive male and female, with the remainder of the
group made up of that pair’s offspring. Marmosets of both
sexes are highly territorial and extremely aggressive toward
unfamiliar individuals of the same sex. The only published
studies purporting to successfully pair house unrelated mar-
mosets of the same sex (Majolo et al. 2003) used adolescents
as one member of the pair. However, this strategy requires
acting against the best welfare interest of the adolescent who
is best left in its own natal group. Therefore, pair-housing
strategies for marmosets often include housing same-sexed
siblings together or housing females with vasectomized
males. When marmosets are housed singly with visual, audi-
tory, and olfactory contact with other animals, abnormal be-
havior is exceedingly rare.

Pairing of monkeys that have previously not been socially
housed is a complex process that requires a thoughtful plan
and individuals knowledgeable about the species and the in-
dividual animals involved to be successful. The IACUC
should be cognizant of the complexities of this process when
assessing housing plans for NHPs. The IACUC should also
be cognizant of the wide range of species-specific social fac-
tors that will affect decisions regarding housing of different
monkey species.

Group Housing

Group housing is defined as a social group of three or more
individuals occupying the same space. Depending on the
facilities available and on management needs, groups can
range in size from very small (e.g., 3) to very large (e.g., in
the hundreds). Types of group housing can also vary by
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group composition (e.g., family or juvenile group) and lo-
cation (e.g., indoors vs. outdoors). The methods used for
housing groups are constrained by species differences,
housing facilities, and research needs. For example, small
species such as marmosets that live in family groups can be
housed indoors in a smaller space, whereas medium-sized
harem groups of macaque monkeys (one male, multiple fe-
males) would require more space, either indoors or out, and
large troops of macaques or baboons containing as many as
100 or more individuals would be housed in large, outdoor
corrals. The procedures used for forming groups vary by
species, numbers, and housing conditions. They can range
from gradually building up a group in stages (Westergaard
et al. 1999), to adding members through births (Bernstein
1991), to the simultaneous introduction of unfamiliar indi-
viduals all at once (Bernstein 1991; Westergaard
et al. 1999).

Housing NHPs in social groups most closely replicates
the social interactions the animals experience in the wild,
further promoting species-typical behaviors and psycho-
logic well-being. For example, group-housed animals
spend more time social grooming, locomoting, and explor-
ing (Kessel and Brent 2001; Schapiro et al. 1996; Spring
et al. 1997) and less time exhibiting abnormal behavior
(Bayne et al. 1992; Kessel and Brent 2001; Schapiro et al.
1996; Spring et al. 1997) than those singly housed. Not
surprisingly, the benefits of social housing also greatly out-
weigh the benefits of inanimate enrichment (Schapiro
et al. 1996; Spring et al. 1997). However, with these bene-
fits also come costs. One potential cost of group housing is
that the animals are less accessible when housed in larger
social groups. This issue can be overcome with proper
cage design and/or animal training. For example, animals
housed in groups can be trained to enter smaller enclo-
sures, transfer boxes, or chutes for separation and individ-
ual access (Schlabritz-Loutsevitch et al. 2004), and
implanted microchips can be used to identify individuals
accessing items such as food from a pellet dispenser
(Wilson et al. 2008). Another cost of social housing is in-
tragroup aggression. Severe outbreaks of aggression can
occur in groups, resulting in injury or even death (Judge
et al. 1994; Samuels and Henrickson 1983). In large
breeding groups of macaques, the aggression can occur
when a dominant matriline is overthrown (Oates-O’Brien
et al. 2010). However, procedures can be put into place to
reduce the impact of aggression. For example, in severe
situations, the individual, group, or matriline involved can
be removed (Judge et al. 1994). Adding an adult male to a
group of females significantly reduces the extent of fe-
male/female aggression, and in cases where pregnancy is
not desired, a vasectomized male may be used (Erwin
1977). Alternatively, using an enclosure that contains
visual barriers, allowing for visual or social separation,
helps to reduce wounding in groups (Westergaard et al.
1999). Ongoing behavioral monitoring is essential for
managing social groups and for prompt intervention when
aggression is apparent.

Conclusions

Given the social nature of NHPs, social housing is an
essential factor to consider in promoting their psychologic
well-being. There is little doubt that social housing with
compatible partners is a preferred housing condition, but
it can come at a cost, such as the risk of injury. However, sin-
gle housing comes with its own risks, including behavioral
problems and reduced well-being. Therefore, careful consid-
eration needs to be made regarding how NHPs are to be
housed for laboratory research. Decisions regarding the
animal’s housing are based on a number of factors, including
the research needs of the investigator and the health and
social needs of the animal. All relevant individuals— such
as the principal investigator, the veterinarian, and the behav-
iorist— need to be included in this decision-making process
to make well-informed choices. Housing options can vary
greatly with respect to the facility design, species, and re-
search needs. Ideally, the environment chosen will benefit
both the animals and the research program. In cases where
the IACUC grants exemptions from social housing, there
should be clear policies regarding how those decisions are
made, how the adequacy of the environment is defined, and
how often the housing situation must be re assessed.

Surgery

Surgical procedures are common components of animal
protocols in biomedical research. Detailed reviews of the
proposed surgical procedures and evaluation of the qualifica-
tions of the personnel responsible for conducting the surgical
procedures are the responsibilities of the IACUC. Key ques-
tions to consider when reviewing surgical procedures within
an IACUC protocol include the following:

(1) Is the procedure described a survival or nonsurvival sur-
gery? Is it major or minor surgery?

(2) What is the proposed frequency for which the surgeries
will be performed, if applicable?

(3) Is the procedure described performed routinely at your
institution, or is it experimental?

(4) Who will be performing the surgery? Are they trained
and qualified to perform this procedure?

(5) What are the details of preoperative assessment, animal
preparation, anesthesia, analgesia, and postoperative
care?

Survival or Nonsurvival, Major or Minor

Careful review of the detailed description of the proposed
surgical procedure provided by the principal investigator
will help IACUC members determine if the proposed proce-
dure is categorized as a survival or nonsurvival surgery and
if it is major or minor surgery. In survival surgery, animals
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are recovered and awaken from anesthesia, whereas in non-
survival surgery, animals are euthanized and not recovered
from anesthesia. For survival surgery, aseptic surgical tech-
nique is practiced under sterile conditions in dedicated surgi-
cal facilities. For nonsurvival surgery, aseptic surgical
technique is often relaxed, and the use of sterile gloves,
drapes, and instruments are not required. Additionally, ani-
mal anesthetic recovery and postoperative analgesia are not
applicable in the case of nonsurvival surgery. However, pre-
operative animal preparation, proper anesthesia delivery and
record-keeping, and appropriate peri-operative analgesia
practices of nonsurvival surgery should be held to the same
standards as those of survival surgery.
The distinction between major and minor surgical proce-

dures has ethical and regulatory implications. Factors often
used to defined surgery as major include penetration or expo-
sure of a body cavity and production of substantial impair-
ment of physical or physiologic functions; minor surgery is
situations that do not meet these standards. From a regulatory
standpoint, the Animal Welfare Act (7 U.S.C. §§ 2131–2159
[2008]) regulations prohibit multiple major survival surger-
ies on a single animal unless scientifically justified by the
principal investigator and specifically approved by the
IACUC (9 C.F.R. §§ 2.31[1985]). Multiple major survival
surgical procedures can be justified if they are interrelated
components of a research project and/or if they will conserve
scarce animal resources. Cost savings alone is not sufficient
justification for performing multiple major survival surgeries
on a single animal. If an investigator requests multiple major
survival surgeries in separate unrelated research protocols,
the institutional o fficial must submit a request to the US De-
partment of Agriculture/Animal and Plant Health Inspection
Service and receive special approval. Major survival surger-
ies are more invasive than minor surgeries and therefore
constitute a significant cost to the animal subject in terms
of recovery time and the potential for associated pain and
suffering. The IACUC should pay special attention to animal
well-being through continued evaluation of outcomes in
protocols involving any major survival surgery.

Frequency of Surgery

When reviewing surgical procedures within an IACUC pro-
tocol, it is important that reviewers assess each aspect (e.g.,
surgical description, anesthesia, and analgesia) of each pro-
cedure as well as the cumulative effect of multiple proce-
dures on the animal subjects. When multiple different
surgical procedures are proposed, it is very helpful for the in-
vestigator to present a summary table that lists each proce-
dure, the total number of times each procedure is to be
performed, and the time interval between successive proce-
dures (frequency), when applicable (Figure 1).
The assessment of the cumulative effect of multiple proce-

dures on subjects during the course of a protocol is made
easier when investigators provide a timeline of surgical
events (Figure 2). The order of surgical procedures and

recovery periods between surgical procedures should be
carefully considered to ensure the proposed timeline allows
adequate incision healing and anesthesia recovery. Surgical
events often require separation of an individual NHP from its
social group to allow for postoperative drug administration
and incision healing. Frequent social isolation can be disrup-
tive and stressful to NHPs. For this reason, it is often prefera-
ble to perform multiple surgical procedures together during a
single anesthetic event, assuming the subject is healthy and
total anesthesia time is not excessive. This practice of “stack-
ing” procedures reduces overall surgery and anesthesia time.
The risks associated with increased time under anesthesia
necessary to perform multiple procedures must be weighed
against the risks and discomfort associated with multiple an-
esthetic events, repetitive postoperative drug regimens, in-
creased animal handling and distress, and reduced recovery
time between procedures that may occur when procedures
are not stacked. When stacking procedures, stratification of
procedures into groups that have similar risk for infection is
necessary. For example, a clean-contaminated procedure
(e.g., colonoscopy) should not be conducted in a serial
fashion with sterile procedures (e.g., lymph node biopsy or
laparoscopy).

Experimental Surgical Procedures

Some of the surgical procedures proposed in research with
NHPs are non standard or experimental. It is important the
IACUC performs conscientious, ongoing review as these
procedures are developed. One strategy the IACUC may em-
ploy for novel procedures is the approval of a pilot study in
which the procedure is performed on a small group (n = 1– 3
animals). Upon completion, the principal investigator is
then required to report the outcomes of the pilot study. The
IACUC reviews these outcomes and may then decide to
approve, deny, or request modification and additional pilot
data. This strategy will help to protect an institution against
a situation in which multiple procedures are performed in
rapid succession that results in unintended or harmful out-
comes in multiple animals. It is the job of the IACUC to
foresee risks and impose an incremental approach, especially
when outcomes are unknown, to help prevent the needless
multiplication of harmful outcomes.

Figure 1: Example summary of surgical procedures
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Personnel Qualifications

The IACUC protocol should explicitly identify the personnel
responsible for performing the surgical procedure as well as
their qualifications, training, and experience. The IACUC
and the a ttending veterinarian are responsible for determin-
ing whether the training and experience of the personnel
are adequate for the procedure described. This may become
difficult when, for example, an individual has extensive
training and procedural competence in human surgery but
little experience in NHP species. In this example, additional
training may be tailored to include interspecies variations in
anatomy, physiology, pharmacology, and postoperative care
(NRC 2011).

Surgery Details

Preoperative Considerations

Preoperative assessment of surgical and anesthetic risks in-
clude review of each animal’s medical history, including
weight, age, sex, blood work parameters that may be relevant
to the surgical procedure, and any complications that may
have occurred during previous anesthetic or surgical events.
Presurgical fasting mitigates the serious risk associated with
vomiting and pulmonary aspiration of stomach contents dur-
ing anesthesia. Fasting times should be appropriate for the
age and species of the animal subjects.

Anesthesia

Anesthesia (a state of unconsciousness and insusceptibility
to pain produced by administration of anesthetic agents) and
analgesia (the relief of pain) should be considered together
as both contribute to balanced anesthesia. The objectives of
modern, balanced anesthesia are to minimize pain and re-
duce the potential for adverse effects associated with anes-
thetic and analgesic agents by administering a mixture of
smaller doses of two or more agents. This strategy sum-
mates the advantages of the individual components of the
mixture while being safer than a large dose of a single agent.
Additionally, the dose of anesthetic agents and the
likelihood of their adverse effects on patients may be

significantly reduced by the use of analgesics before painful
stimuli. Some examples of analgesics are opioids (such as
hydromorphone, buprenorphine, and fentanyl); nonsteroidal
anti-inflammatory drugs (such as carprofen, meloxicam,
and acetaminophen) ; local anesthetics (such as lidocaine
and bupivacaine); and N-methyl d-aspartatereceptor antago-
nists (such as ketamine). Tranquilizers and anxiolytics (such
as midazolam) may provide muscle relaxation and smooth
the transition from wakefulness to anesthesia. The veteri-
nary staff is an excellent resource for determining the appro-
priate selection of anesthetics and analgesics for a proposed
surgical procedure.
Anesthesia is traditionally divided into three phases: pre-

medication, induction, and maintenance. Premedications are
intended to reduce patient anxiety, sedate, provide analgesia,
reduce anesthetic requirements, and facilitate induction of
general anesthesia. The induction phase involves the rapid
transition to unconsciousness. Induction agents are prefera-
bly administered intravenously to abbreviate the excitatory
stage of anesthesia induction, thus reducing related compli-
cations. Maintenance agents prolong anesthesia for the
duration of the surgery and allow for quick recovery. Mainte-
nance is typically achieved by providing a carefully con-
trolled mixture of oxygen and a volatile anesthetic agent that
is continuously inhaled by the patient. Maintenance can also
be achieved with constant rate infusion of some injectable
anesthetic drugs (such as propofol).
NHPs provide many unique challenges with regard to ani-

mal handling and occupational safety. Although it would be
ideal to premedicate NHPs with a tranquilizer followed by
intravenous induction of anesthesia as described above, this
approach would require handling and restraint of unpredict-
able and potentially aggressive animals for intravenous in-
jection. Because of the serious occupational safety risks
involved, this approach is generally not feasible (see Occu-
pational Safety). For this reason, there is heavy reliance on
dissociative anesthetics (e.g., ketamine) administered intra-
muscularly to induce anesthesia in NHPs. Respiratory drive,
airway reflexes, ventilation, and blood pressure are well-
maintained with dissociative agents relative to other anes-
thetic agents, making them reasonably safe in the hands of
experienced personnel. Anesthesia should be tailored for
the species, surgical procedure, and experience of the
anesthetist.

Figure 2: Example timeline of surgical procedures
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For very brief, minor procedures, an induction agent may
provide adequate, safe anesthesia when combined with a lo-
cal block and a systemic analgesic agent. Repeated, serial in-
jections of an induction agent should not be approved as a
suitable alternative to general maintenance anesthesia for
procedures that cannot be accomplished with a single dose
of an induction agent.
There are always risks associated with anesthesia. Careful

consideration of the surgical procedure, possible complica-
tions associated with the procedure, and factors such as age,
obesity, and health status of the patient helps to mitigate
these risks. An anesthetic protocol should take all of these
factors into account. A resuscitation plan, rescue drugs, and
emergency equipment should be readily available wherever
anesthesia is conducted. In the experience of one author
(Hobbs), the vast majority of anesthetic complications and
deaths could be prevented by the simple practices of estab-
lishing venous access by intravenous catheter and establish-
ing an open airway by endotracheal intubation. These are
easy, fast, and inexpensive precautions that should be
strongly encouraged or required for every surgical procedure.
For a detailed discussion of anesthesia in NHPs, see Murphy
and colleagues (2012).

Physiologic Monitoring

Physiologic monitoring provides information to assess
the adequacy of anesthesia as well as the intraoperative
well-being of the animal during the surgical procedure. Re-
spiratory rate and pattern, pulse rate, mucous membrane col-
or, capillary refill time, jaw tone, and palpebral reflex are
essential parameters that may be easily obtained by trained
personnel with no monitoring equipment. The addition of
pulse oximetry allows continuous monitoring of pulse and
oxygen saturation of hemoglobin. For brief anesthetic
events, trained personnel with a pulse oximeter may provide
adequate physiologic monitoring.
For longer anesthetic events, the risks to the patient in-

crease. Common complications include cardiopulmonary
compromise, ventilation abnormalities, hypothermia, and
hypotension. It is prudent to monitor additional physiologic
parameters such as core body temperature, electrocardio-
gram, blood pressure (indirect blood pressure cuff or direct
arterial line), and end tidal carbon dioxide. These additional
monitoring tools should not take the place of direct,
hands-on patient assessment. Trends observed in these pa-
rameters are often predictive of anesthetic emergencies well
in advance of physiologic crisis. For this reason, an anesthe-
sia record that includes these parameters should be kept at
regular intervals (usually every 10–15 minutes) so that trends
may be identified and corrective actions taken. Consistent
physiologic monitoring should continue until the animal has
recovered from anesthesia. The assignment of a dedicated
anesthetist for surgical procedures ensures continuous and
conscientious monitoring of these patient parameters, en-

abling early recognition of abnormal trends that may predict
physiologic instability or crisis.

Postoperative Care

Postoperative analgesia typically consists of opioids, nonste-
roidal anti-inflammatory drugs, or both. In a research setting,
the objective is to minimize pain and distress as much as
possible without compromising the scientific integrity of the
research. However, the IACUC should not approve a proto-
col that omits the use of appropriate analgesics for
postoperative pain. The prospective prediction of pain and
discomfort that a given surgical procedure will cause may be
obtained through veterinary consultation. Proposed dosing in-
tervals for each analgesic drug should be checked against the
published duration of the drug’s analgesic effect. Non phar-
macological methods of alleviating distress postoperatively
may be included in the management of individual cases but
should never be considered a substitute for pharmacologic
control of pain. Supplemental heat, extra cage padding,
dimmed lighting, and the provision of highly palatable food
and liquids are common means of moderating postoperative
distress.

A specific plan for the evaluation of pain and discomfort
for animal subjects undergoing surgery must be included in
the IACUC protocol. Postoperative observation and the de-
termination of animal pain or distress require a good working
knowledge of (1) the normal behavior and appearance of the
individual animal being assessed and (2) the signs of pain or
distress exhibited by the NHP species. Many institutions
have incorporated pain scoring systems which assist in the
identification of specific symptoms that, when observed,
trigger an immediate request for veterinary support. The
IACUC should carefully evaluate the qualifications of
personnel responsible for postoperative assessments as well
as the validity of any pain scoring systems they may use. In
addition to the specific assessments being used, the time
intervals during which recovery will be assessed must be
specified in the protocol and subsequently documented in
the surgical records. For a detailed discussion of analgesia in
NHPs, see Murphy and colleagues (2012).

Endpoint Determination

It is ideal when scientific aims and objectives of a study can
be accomplished without adverse effects, pain, or distress to
the animals involved. However, this is not always possible,
and the IACUC must carefully evaluate humane endpoints.
Endpoints are criteria used to end experimental studies
earlier (than intended) to avoid or terminate unrelieved pain
and/or distress (National Institutes of Health, Office of
Laboratory Animal Welfare [NIH-OLAW] 2002b). Consider-
ation must be given to the scientific requirements of the
study, expected adverse effects the research animals may
experience, the likely time course and progression of those
adverse effects, and the earliest predictive indicators of
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present or impending adverse effects. The effective use
of endpoints requires that properly trained and qualified
individuals perform both general and study-specific observa-
tions of the animals at appropriate time intervals. The assess-
ment criteria and required response must be clearly defined
in each IACUC protocol. Ideally, humane endpoints are
sought that can be used to end studies as close to the onset
of pain or distress as is possible while meeting the justified
scientific needs of the study. The attending veterinarian must
contribute to establishment of endpoints as well as aid in
their interpretation when questions arise.

As stated previously, it is important for principal investi-
gators to clearly establish humane endpoints, not only for
pain but also for distress. Such endpoints for distress should
address how to recognize when a distress is unable to be alle-
viated. For animals that develop behavioral problems such as
self-injurious behavior, factors that may be put into place in-
clude removal from the study, pharmacologic intervention,
or euthanasia.

Occupational Safety

Public Health Service policy places responsibility for ensur-
ing a safe working environment for personnel involved in
the animal care and use program with the institution
(NIH-OLAW 2002a). Several factors make working with
NHPs in a research setting potentially dangerous. NHPs are
not domesticated animals, and they are often aggressive.
Consequently, personnel working with NHPs can suffer se-
vere scratches and bites. NHPs also pose multiple serious
zoonotic risks. Macaques, for example, carry Cercopithecine
herpesvirus 1, which can cause fatal encephalitis in humans.
Additionally, the research environment often includes nee-
dles, heavy equipment, anesthetic gases, biological agents,
and radioactive elements. For these reasons, occupational
safety is a critical concern when working with NHPs. The
IACUC should consider the safety of personnel when evalu-
ating experimental design and proposed activities.

Many separate institutional components, including animal
care, environmental health and safety, occupational health,
radiation safety, and institutional biosafety, are involved in
ensuring occupational safety. A natural point of convergence
for these functionally distinct institutional elements is the
IACUC. For this reason, the IACUC should be familiar with
the responsibilities of the various safety committees and or-
ganizations at their institution. The institution should ensure
that the functions of the committees are coordinated. The
NRC (1997) publication Occupational Health and Safety in
the Care and Use of Research Animals covers a wide variety
of occupational health and safety issues and is a valuable re-
source for IACUC members.

Conclusions

As large, intelligent, social, long-lived, and non domesticat-
ed animals, monkeys are among the most challenging

species used in biomedical research, and the duties of the IA-
CUC in relation to reviewing research use of these species
can also be challenging. Clear institutional policies and pro-
cedures regarding scientific justification, re use, social
housing requirements, amelioration of distress, surgical pro-
cedures, and humane endpoints are critical. The discussion
of these issues presented here can serve as a basis for the
informed establishment of such policies and procedures.
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