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In recent years there has been increasing awareness and concern 
about the difficulty in obtaining reproducible data when the same 
experiment is repeated in a laboratory other than the laboratory 
where it was originally conducted. The extent of this problem is 
underscored by publications, surveys, and workshops devoted to 
the topic1–4. The problem extends beyond biomedical experimenta-
tion as similar concerns have been raised for research conducted in 
psychology5,6, ecology7, nutrition8, bioinformatics9, human clinical 
medicine10 and homeopathic disciplines11.

Improving reproducibility success takes the effort of an entire 
“village” that includes entities such as funding review panels, inves-
tigators, research institution leadership, laboratory animal facilities, 
 IACUCs, and journals. Using an example emanating from an insti-
tution’s animal program, the inability to reproduce experimental 
results may be due to nothing more than one unintentional experi-
mental variable that might seem innocuous at first glance, such 
as temperature variations, exposure to different microbiomes, or 
surgical technique variations. Fortunately, safety nets already exist 
to help guard against such seemingly innocuous variables, and 
when properly employed they can individually and collectively 
enhance the likelihood of a study’s reproducibility. For instance, 
a) an organization’s leadership can set an example for, and insist 
upon, the highest level of research integrity, including institutional 

expectations for regulatory compliance and principled support for 
compliance committees, b) principal investigators can provide more 
detailed and coherent animal procedure protocols and provide ade-
quate oversight of laboratory operations that can include assuring 
that reagents or diets are in date and properly stored, animals are 
correctly identified, study endpoints are clearly understood and 
applied, all needed records are retained, and staff members are 
appropriately and adequately trained, c) animal facilities can ensure 
a consistently high level of animal husbandry, veterinary care and 
recordkeeping practices, including records of the vendors used to 
purchase commodities as well as records of the food, bedding, room 
environmental conditions and other variables that have the poten-
tial to impact the reproducibility of a study, d) IACUCs can ensure 
that reviews of animal use requests, program self-assessments and 
post-approval monitoring programs are sufficiently thorough 
to reasonably ensure that the animal model is appropriate for  
testing the hypothesis and that animal use is conducted in a manner 
that is compliant with external and internal requirements. Thus, 
IACUC responsibilities must synergize with the rest of the institu-
tional animal program to minimize unintended variables that can  
impact reproducibility.

Outside of an institution’s animal program, a) federal study sec-
tions or other review panels should require a thorough description 
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reproducibility�problems�while�simultaneously�avoids�being�viewed�as�a�burden�to�research.�This�
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variables�and�strengthen�research�reproducibility.
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and evaluation of the chosen model, proposed study design, and 
specific procedures involved and b) professional journals should 
establish and enforce criteria for manuscript acceptance, including 
those suggested in the ARRIVE12 and CONSORT13 guidelines.

The difference between what the IACUC can do from what it 
must do should be recognized. Whether it is referred to as the “high 
road” versus the “low road”, the spirit versus the “letter of the law” 
or, most likely, some combination thereof, each institution has a 
culture that influences its approach to regulatory oversight and 
research integrity. However, it is the IACUC that has the latitude to 
set performance standards and, therefore, set the stringency with 
which it performs its mandated duties. Clearly, as investigators have 
increasing pressures on their time, their concerns about regula-
tory burden and creep must be acknowledged and managed when 
establishing the level of checks-and-balances applied and safety 
nets implemented in the oversight of animal-based research. Thus, 
the IACUC’s role in reproducibility can be broad, but ultimately 
boils down to the institution’s philosophical approach to addressing 
regulations and research integrity. The remainder of this article will 
focus on what IACUCs can do to promote experimental reproduc-
ibility within the context of its mandated responsibilities.

However, as alluded to above, the IACUCs’ efforts are only one of 
the safety nets needed to maximize the chance that an experimental 
finding can be reproduced. Indeed, the committee’s efforts will be 
greatly diminished or even negated if the other entities supporting, 
reviewing, approving, disseminating and otherwise contributing to 
animal-based research do not ensure that their own safeguards are 
in place and free from ambiguity.

The IACUC’s role in the choice of an animal model
One of the first decisions an investigator has to make when design-
ing an experiment using animals is to select the appropriate model. 
The public has a right to expect that the model will advance knowl-
edge and have societal value. If the proposed work has not under-
gone peer review, IACUCs are obligated to confirm that the model 
choice is supported by sound, objective and logical reasoning14. 
Animal models can be used to study normative biology or behavior 
or a pathological process having one or more attributes resembling 
the condition in humans or other animals. Realistically, most ani-
mal models have limitations and the validity and applicability of a 
model to predict responses in another species may or may not be 
consistent or reproducible. In other words, model reproducibility 
may arise independently or concurrently with model validity.

Model reproducibility can also be dependent on the natu-
ral biological variability of the animal population, which is an 
intrinsic characteristic of live animal models. In addition, model  
reproducibility can be impacted by extrinsic factors such as envi-
ronmental variables, infections, medications and experimental 
technique. These and other factors should be considered by the 
IACUC and shortcomings in the description of animal use should 
be addressed before IACUC approval. Review of such factors is 
at the core of the IACUC’s responsibilities related to animal use 
approval, and it dovetails with issues affecting the accuracy and 
reliability with which a study can be reproduced by another inves-
tigator. These extrinsic and intrinsic factors are a major focus of 
the remainder of this article.

The importance of committee composition
In a theme similar to the village analogy described earlier, a com-
mittee that is comprised of members with a broad array of expertise 
and perspectives is more likely to detect flaws in proposed animal 
use compared to a minimally constituted committee. Furthermore, 
the greatest potential for IACUC decision making to contribute to 
experimental reproducibility occurs when a robustly constituted 
committee’s deliberations emanate from a discussion where the 
viewpoints of all participants are heard, i.e., the scientists, veteri-
narians, non-scientists, unaffiliated members and those with other 
expertise deemed necessary by the IACUC. These discussions are 
also helpful for all members by serving as a mechanism to establish 
and maintain an informed, experienced IACUC.

Although using the Designated Member Review (DMR) process, 
as established by the federal Office of Laboratory Welfare (OLAW), 
is within the letter of the regulations for protocol review, it often 
circumvents potentially valuable discussions. While it is true that 
use of DMR requires that all committee members have access to 
the research protocol, reviewing a document in isolation (either 
as the designated reviewer or as a committee member who has to 
determine if a Full Committee Review should occur) is unlikely to 
result in the same level of engagement with other IACUC members 
or expose the membership to the type and depth of discussions 
that could impact the potential for reproducibility issues. Thus, 
given the nuances that can impact reproducibility, it is important 
that the collective expertise and perspectives of the committee be 
fully leveraged for a beneficial review of the protocol. However, the 
benefits of such deliberations have to be balanced with the need to 
manage the workload of individual committee members, which is 
often accomplished by shortening convened meetings of the full 
committee and increasing the number of protocol or amendment 
reviews conducted primarily by IACUC office staff or a subcommit-
tee of the IACUC and the IACUC office. A likely unintended out-
come of these trends is that committee members will increasingly  
lack exposure to the type and depth of discussions that are needed 
for them to be strong contributors to protocol review and, per-
haps more bothersome, the “village” will become less of an active  
participant in animal use approval—a mandated IACUC respon-
sibility. As mentioned above, less experienced, less knowledgeable 
reviewers, or limited review perspectives, are less likely to identify 
factors that could adversely impact experimental reproducibility.

IACUC oversight of approved activities
Those individuals conducting program self-assessment activities 
such as facility inspections, program reviews and post-approval 
monitoring activities should not be working in silos. Rather, such 
teams should be composed of individuals with different expertise 
and perspectives, each of whom has a good sense of the regulatory 
requirements, institutional program standards and the aspects of 
individual experiments that are most critical for ensuring repro-
ducibility. This last item includes proper and consistent surgical 
technique, record keeping, therapeutic drug use, study endpoints, 
euthanasia criteria, model creation, the appropriate animal gen-
otype, environmental conditions, veterinary care, husbandry  
practices, and so forth. In addition, the same team of individuals 
should not always conduct the same activity and a given individual 
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should not always perform an activity with the same team mem-
bers. Having these activities performed by the IACUC’s “village” 
leads to valuable diverse experiences, knowledge and skill sets.

As an example of the importance of IACUC oversight, consider 
post-approval monitoring. While the primary purpose of post-
approval monitoring is to ensure that animal use is occurring as 
described in the approved protocol, failure to reproduce an experi-
ment may be an unintended consequence of noncompliance. Thus, 
reviewing the space, procedures, and context in which animals are 
used helps guard against preventable reproducibility failures. Even 
though post-approval monitoring often has a negative connotation, 
given its link to regulatory compliance, it may identify potential 
issues affecting reproducibility that extend beyond compliance con-
cerns and, in this context, it should be promoted as a positive ena-
bling resource. In other words, post-approval monitoring presents 
an opportunity to remind investigators of the interdependencies 
between compliance, consistency and reproducibility.

In summary, the IACUC can clearly contribute more than just 
“checking off the box” for each of the federal requirements, but in 
doing so has to balance its stringency with increasing concerns of 
burden and the potential to promote tension between the entities 
involved in animal use, i.e., the IACUC, animal facility staff, veterinar-
ians and investigators. Below are specific examples that fall under the 
IACUC’s umbrella that are likely to impact study reproducibility.

The value of a harm:benefit analysis to advancing knowledge
Although animal-based research supported by public or private 
agencies that rely on peer review to prioritize funding has, in the-
ory, been evaluated for the scientific merit of the proposed studies, 
IACUCs have the responsibility to consider in its deliberations a 
harm:benefit analysis to help assess the study’s contribution(s) to 
improved health of humans or other animals15. However, if the pro-
posed work has not undergone peer review, IACUCs are obligated 
to conduct a more comprehensive review of the scientific soundness 
of the proposed work, including the proposed study design, use of 
appropriate animal models (discussed above), inclusion of both 
control and experimental groups, and the potential for experimen-
tal agents to address the study’s hypothesis. Unless such scientific 
details and justifications are in the description of the proposed ani-
mal use, the IACUC cannot conduct an informative harm:benefit 
analysis. To the extent that such an analysis maximizes the chance 
for the experiment to be reproducible and, by extension, its poten-
tial to provide societal benefit, failure to conduct an informative 
harm:benefit analysis reduces the ability to assess societal benefit.

Humane and study endpoints
There are several issues included in the topics of humane and study 
endpoints that are relevant to all studies involving live vertebrate 
animals. These issues are independent of study design (experimen-
tal, observational), experimental setting (laboratory bench, field) 
or discipline (biological, environmental, ecological, societal). As 
related to experimental reproducibility, there are well known physi-
ological changes that occur when animals are experiencing pain or 
distress, which are variables that can impact study results, especially 
when the definition and application of humane endpoints differ.

Another issue is the IACUC’s approach to humane endpoints. 
Recently, there has been much discussion surrounding the use of 
surrogate markers of death to help define study endpoints16–20. 
While there are no published data on surrogate markers for every 
experimental model, blanket arguments against using surrogate 
markers or a lack of attempts to find a surrogate marker are unlikely 
to be acceptable. For example, if the research question is to deter-
mine if a given therapeutic treatment extends the life of the animal, 
a positive finding would typically be life extension on the scale of 
days, weeks or months, but not hours. Therefore, if animals are 
exhibiting clinical signs consistent with imminent death (on the 
scale of hours or perhaps a day), euthanizing those animals when 
such signs are exhibited will not likely have a significant impact on 
the conclusions of the study, yet it will end any pain, discomfort 
or distress that otherwise would be experienced by the animals as 
they die over the ensuing hours or day and perhaps result in more 
consistency in the final data. The key to successfully reproducing 
such a study is that the parameters assessed and used as clinical 
signs of impending death, and the associated euthanasia criteria, 
are as objective as possible, clearly described and consistently used. 
The IACUC can help ensure this through protocol review and  
post-approval monitoring.

There are also, of course, considerations of alternatives that can 
address the alleviation of pain, discomfort and distress—conditions 
well known to impact normal physiological systems and potentially 
influence the parameters under study. Failure to remove or mini-
mize such factors increases the difficulty of creating a model that 
lends itself to being replicated by another investigator. This is the 
value of a stringent consideration of alternatives to refine experi-
mental paradigms and result in the least number of potentially 
interfering factors before approval of the animal use request.

While a true alternative search is currently required only for 
studies involving USDA-covered species, the spirit of the alter-
native search is consistent with the requirement for addressing  
the 3Rs for any study involving live vertebrate animals15,21. Because 
alternative search expertise is not often the forte of the required 
IACUC membership, and the value of the search is highly depend-
ent on the quality of the search, IACUCs need to encourage the 
active participation of an individual(s) with such expertise, such 
as a librarian. Unfortunately, there is a wealth of data within the 
scientific community that is never published—for example, nega-
tive findings—and, if made available through centralized data-
bases, could potentially inform the experimental designer and  
aid in refining studies.

Lastly are the actual euthanasia methods to be used. It is within 
the purview of the IACUC to ensure that these methods are appro-
priate, clearly described, and properly and consistently imple-
mented. The potential impact of the euthanasia method is greatest 
when in vitro assays will be performed on harvested body parts, 
tissues or fluids. And, while the specific in vitro assays need not be 
described in the IACUC protocol, the rationale for using the animal 
to obtain biological samples for such assays must be justified; thus, 
the IACUC should address the potential impact of the euthanasia 
method to reduce the risk of exposing the biological samples to an 
extraneous variable(s).
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The current American Veterinary Medical Association eutha-
nasia guidelines provide IACUCs with species-specific guidance 
for studies typically performed in a laboratory setting22. However, 
IACUCs often have less experience with euthanasia methods for 
species and settings not typical in most laboratories, such as wild 
animals in a field setting. For these situations, the IACUCs should 
seek guidance from the taxon-specific organizations, such as the 
American Society of Mammalogists, ornithological societies, 
American Fisheries Society, etc., as to the best approach to ensure 
the implementation of methods likely to be used by other investiga-
tors when replicating the study23.

Experimental agents and therapeutic drugs
There are two aspects to this topic that require IACUC attention. 
The first is the experimental protocol, including dose, route, fre-
quency and duration of action of the experimental or therapeu-
tic compound that the animal will receive, and how the animal 
will be monitored for adverse effects from the agent(s). The sec-
ond aspect is to know the details of the agents or drugs and their  
appropriateness for their intended use, including how they may 
impact the study output data. Without such information provided 
in the protocol and the appropriate expertise of IACUC reviewers, 
the chances for successfully reproducing the experiment may be 
diminished.

There are some fairly easy checks and balances that the IACUC 
can use to maximize the chance that a study can be replicated when 
experimental agents and therapeutic drugs are involved. These 
include ensuring the sterility of parenterally administered agents 
or drugs, appropriate compatibility of administered biological 
materials, nutritional quality and storage of special diets, use of 
in-date agents or drugs, consistent drug reconstitution and storage 
methods, and the use of the appropriate grade of the administered 
agents or drugs. Proprietary experimental agents often present a 
challenge because there may be little information available and, in 
fact, the purpose of the study may be to obtain such information 
about the experimental agent (for example, to define the clinical 
signs of toxicity). Yet, such information is necessary to assist with 
reproducibility, which is essential because the ultimate goal of these 
pre-clinical studies may be future translational activities, such as 
first-in-human studies. Thus, before approving the use of experi-
mental agents, IACUCs should request whatever information is 
available about the experimental agent and the procedure(s) to be 
used to prepare, administer and store the compound, and monitor 
the animal following administration of the compound. If provid-
ing the IACUC with the information that is known is complicated 
by the confidentiality of proprietary information, the institution 
can help the IACUC by either requiring such information in the  
contract project description, obtaining a commitment that such 
information will be disclosed to the IACUC before the study is 
approved, or at the least, an indication of the general class of the 
agent (for example, an ACE inhibiting drug) and what is known 
about the physiological impact of the agent compared to other 
members of the class. The importance of such information relates 
to replicating the study at a later time point when more information 
about the agent might be known.

Animal identification, genotyping, phenotypes and  
adverse events
There is no uniform agreement as to how much animal identification 
information must be included in a protocol. The species-level require-
ment was not much of an issue until genetically modified animals, 
first mostly mice and now fish, became the predominantly used live 
vertebrate animal. Individual animal identification is fundamental to 
ensuring the genotype (and phenotype) is ascribed to the appropriate 
animal. Furthermore, routine, stringent genotyping is required to 
ensure that genetic contamination has not occurred and to document 
that animals with the desired genotype are being studied.

A sobering reality is that mice with the same coat color are virtu-
ally indistinguishable and require unique individual identification 
and genotyping to ensure that the control and experimental groups 
are of the appropriate genotype. Mice of the wrong genotype can 
be shipped by vendors or colleagues, and individuals or groups 
of mice can become interchanged during manipulations in ways 
that are not visibly apparent, such as mice being placed back in the 
wrong cage, or cage cards being switched. These are devastating 
mistakes that can undermine reproducibility but can be minimized 
through the protocol review process, post-approval monitoring, 
setting program standards for animal genotyping, and animal and 
cage identification. The Guide for the Care and Use of Laboratory 
Animals addresses this issue15.

Similar to not providing details about the experimental ani-
mals or models, not disclosing abnormal phenotypes or adverse 
responses can impact replication of an experiment. How such infor-
mation is made known to investigators trying to replicate a study 
is the responsibility of the publishing scientist, but at a minimum 
the IACUC should know about adverse events and unanticipated 
outcomes when it deliberates the continued use of the animal 
model. The committee also has to rely on the animal care staff,  
investigators, self-assessment and post-approval monitoring  
activities to be kept fully informed.

Statistical and related considerations
Requesting and using the appropriate number of animals, using 
animals of one or both sexes, and the random assignment of ani-
mals to study groups are significant considerations for research 
reproducibility and areas where the IACUC plays an important 
role. Reproducibility may suffer when too few animals are used 
in experimental groups, as it may be difficult to determine if a 
negative finding is real or the consequence of an underpowered 
experiment or small biological effect24. Conversely, although pos-
sibly not as influential on reproducibility, if more animals than are  
actually needed are used in a study, then more animals than needed 
will be exposed to the impact of the experimental paradigm,  
including pain or distress.

Appropriate number of animals in an experimental group  
In many experimental paradigms there are two issues that need 
to be addressed related to the justification for the total number 
of animals to be used. The first is the appropriate number of ani-
mals in each experimental group and the second is the number of 
times the experiment should be repeated on one or more groups.  

©
 2

01
7 

N
at

u
re

 A
m

er
ic

a,
 In

c.
, p

ar
t 

o
f 

S
p

ri
n

g
er

 N
at

u
re

. A
ll 

ri
g

h
ts

 r
es

er
ve

d
.



Focus on Reproducibility� Review

LabAnimal volume�46,�No.�4�|�APRiL�2017� ���133

The former number should be statistically justified (see below), 
but the appropriate statistics for addressing the number of repeti-
tions is not as clear. Nevertheless, the importance of a clear and 
defensible explanation for both of these issues is underscored 
by the information requested in the vertebrate animal section of 
Public Health Service grant applications and that the NIH Scientific 
Review Group has the authority to require that the number of ani-
mals being requested be further justified before an award is made25.  
Yet, despite a growing outcry for improved statistical design for 
animal-based research26–30 in a recent survey of nearly 1600 sci-
entists from different life and physical science fields, nearly 55% 
reported that low statistical power or poor statistical analysis 
always or often contributed to the inability to successfully repro-
duce an experiment, with another 35% reporting that these factors  
sometimes contribute to irreproducibility31.

Although IACUCs must evaluate the justifications for the 
number of animals being requested, not all scientists and IACUC 
members are sufficiently trained in biostatistics to know the appro-
priate statistical test to use, the needed sample size, or the most 
appropriate study design in order to determine the appropriate 
number of animals for each experimental group—all factors that 
can impact successful replication of the study. A recent survey 
found that only 31% of respondents reported that their IACUCs 
engage biostatistics specialists to help assure that the appropriate 
number of animals is being requested in protocol applications32. 
The presence of many internet sites that provide statistical help to 
researchers and IACUC reviewers seems to be of limited value, as 
most of these sites assume the user knows the appropriate test to 
use or already knows (or will be able to provide) certain statistical 
parameters, such as the standard deviation of a population sample. 
Due to such limitations, when a biostatistician or similarly trained 
person is available (and efforts should be directed toward having 
such an individual available) it behooves the IACUC to use that 
individual’s services to review pertinent sections of protocols and 
act as an accessible resource for investigators and the IACUC.

Some IACUCs accept literature citations of the number of ani-
mals that were used in each experimental group in similar research, 
rather than requiring an inferential statistical justification specific 
for the study being proposed. Other IACUCs are more apt to follow 
the Guide for the Care and Use of Laboratory Animals, which states 
that “whenever possible, the number of animals and experimental 
group sizes should be statistically justified …”15. Literature cita-
tions can provide useful guidance under certain circumstances,  
but experience suggests that such citations often are neither appro-
priate nor adequate to be used as the definitive source because 
either the statistical parameters applied or the experiments them-
selves are different, for example, studies having different end-
points. An IACUC policy on when and how literature citations 
can be used may prove helpful to some committees; however, such 
a policy should be more guidance than prescriptive to avoid the  
IACUC limiting investigator flexibility in addressing this issue. 
Thus, regardless of the approach, the rationale for the number 
of animals that make up an experimental group in a study must  
be such that an investigator trying to reproduce the study under-
stands how the number was determined and is in agreement with 
that number.

Statistics-savvy protocol reviewers may wince when an inves-
tigator writes that additional animals will be added to an ongoing 
study in an attempt to reach statistical significance if the results 
do not reach statistical significance with the originally approved 
number of animals. Changing the group size can negatively impact 
study reproducibility unless the IACUC insists that appropriate 
statistical conditions are employed, such as a sequential stopping 
rule, and the investigator is transparent as to how the final group 
size was determined29.

Number of times a study should be repeated
IACUCs often review investigator requests to repeat their in vivo 
study in order to demonstrate its reproducibility in their hands. 
Such reproducibility is a hallmark of quality research, yet, as men-
tioned above, the appropriate statistical approach to determining 
that number is less clear and the IACUC may be asked to approve the 
number of repeats before the first cohort of animals has been stud-
ied. There is no simple answer as to how the IACUC should make a 
decision on these requests, but options include: a) suggesting that 
the investigator perform the study with a lesser statistical chance of 
obtaining a false positive result, such as by changing the significance 
level from the usual P  =  0.05 to P  =  0.01 to reduce the number of 
repeats needed should the results be positive; b) waiting until the 
study on the initial cohort of animals is completed before address-
ing the need for repetition; or c) allowing the requested number of  
repetitions to occur, based on the philosophy that no two experi-
ments are ever conducted in exactly the same manner, even by the 
same investigators, so internal reproducibility has value because 
“significance [per se] is … worthy of attention in the form of mer-
iting more experimentation, but [is] not proof in itself ”33. Most 
IACUCs would like to avoid having to address such considerations, 
but they must be addressed and, most importantly, decisions need 
to be made using a consistent set of criteria that are clear to the 
investigators. For a more in-depth discussion of the limitations to 
using statistical inferences for animal studies, the reader is directed 
to a recent book chapter on the subject34.

Investigator skill set and procedure performance consistency
Although it is documented that many basic animal husbandry 
procedures can be stressful to laboratory animals35 and can 
impact phenotyping tests36, the technical skills of those perform-
ing research also can significantly influence the reproducibility of 
a study. However, mention of the skill level of an investigator or  
animal well-being difficulties resulting from a research proce-
dure are unlikely to be found in most research presentations and 
publications, limiting the transparency as to how the study was 
actually conducted and whether there were adverse consequences  
attributable to investigator technique or skill.

Training is essential for personnel to develop and maintain the 
core technical competency necessary for maximizing performance 
consistency and, hence, reproducibility. Training of personnel in 
technical procedures, including the use of aseptic technique, anesthe-
sia and analgesia (when appropriate), and tissue manipulation  
is an institutional responsibility that is shared by the principal 
investigator’s laboratory, the vivarium staff and the IACUC. The 
IACUC’s mandated role is to provide oversight and evaluation of 
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the effectiveness of the institutional training program with the goal 
that animal use activities will lead to high quality scientific results 
and animal well-being15. Training is usually provided through 
instructional lectures, videos, and a wide spectrum of hands-on 
experiences. To fulfill its responsibilities, the IACUC needs to 
establish criteria for competency and should evaluate individ-
ual skill sets for having met those criteria for each procedure an  
individual will perform. This evaluation and ongoing monitoring 
can involve feedback from trainers and investigators, reports from 
the veterinary and laboratory staff, periodic reviews of training 
programs, laboratory and medical records, direct observation of 
ongoing procedures, and post-approval monitoring. Failure to  
evaluate or monitor technical competency leaves the IACUC with-
out a method of determining the effectiveness of the institutional 
training program— one of an IACUC’s core responsibilities.

Deficiencies such as a lack of adequate postoperative pain con-
trol, poor tissue handling during surgery, excessive intraoperative 
blood loss and inadequate aseptic technique are examples of stres-
sors that can limit the ability of a study to be accurately replicated 
by another investigator—yet many such stressors are potentially 
preventable if an IACUC establishes, as indicated above, adequate 
criteria for evaluating an individual’s technical ability, and the 
details of the technique used are correctly, clearly and thoroughly 
described in the protocol and in publications and presentations, 
and were followed as approved by the IACUC. A committee that 
simply accepts no more than a written statement that a person 
has performed a surgical procedure in the past and has retained 
adequate skills to continue performing it on the chosen species 
cannot be assured that the operator has even the minimal tech-
nical skills needed for the preparation of surgical instruments, 
use of aseptic technique, knowledge of suture materials and their 
use, tissue handling, surgical approaches, monitoring parameters 
and so forth. Often, the justification for the validity of such a 
statement is that there have not been any “adverse events” asso-
ciated with the individual’s work. While this may be so, adverse 
events are not the only indicators that experimental reproduc-
ibility may be limited. Therefore, it is incumbent upon an IACUC 
to develop, implement and periodically review training materi-
als and procedures. The post-procedural monitoring programs 
used should also be periodically reviewed and updated as needed. 
Engagement in such activities can provide minimal assurance to 
the IACUC and other investigators that experimental procedures 
on live animal research subjects are not complicated by technical 
inaptitude.

Housing and other environmental factors
The ability of an IACUC to positively impact research reproduc-
ibility goes beyond model and animal selection, animal identifica-
tion, statistical considerations, consistent procedures, and the other  
topics discussed earlier, although the potential impact of environ-
mental factors may be less than for the prior topics. For example, 
the health status of the animal can lead to reproducibility issues 
and studies proposed in animal colonies with infections and con-
current health problems should be carefully evaluated for the 
known, suspected or likely impact of the pathogens or conditions 
on study results37–39. Other factors, such as cage overcrowding, 

may or may not be considered a stressor, depending on the study 
cited and an IACUC’s own definition of overcrowding. Additional 
environmental stressors well-known to impact research outcomes 
include housing male mice or female hamsters together, which 
often leads to fighting and sometimes severe wounds. The macro- 
and microenvironment, including temperature, humidity, noise, 
vibrations, lighting levels, environmental enrichment, water and 
food and bedding also are factors that can impact animals physi-
ologically or behaviorally. Even subtle factors, such as the location 
of cages on the rack and the cage manufacturer may have an impact  
on the animals40.

In addition, recent attention has focused on the role of an 
animal’s microbiome on its physiological state and responses 
to experimental maneuvers41. While relevant data may not be  
readily available to the IACUC, this is an area where veterinary 
or other expert input could be valuable. Such biologic variabil-
ity can present as a reproducibility issue, especially given that it 
can synergize with, be masked by, or be interdependent of other 
factors affecting reproducibility. Thus, although these latter fac-
tors are not a primary focus of the IACUC, the vivarium should 
maintain records and make available to the IACUC and investiga-
tor the specific conditions of the animals’ health and environment 
so, if needed, they can be accurately described in presentations or 
published data.

Conclusion
The issue of reproducibility transcends virtually all levels of the 
scientific enterprise. Using biological system models, in particu-
lar live, sentient animal models, introduces complex variables that 
complicate the potential for successful reproducibility of a study4,42. 
Selecting the most appropriate model, ensuring consistent experi-
mental protocols and procedures, involving adequately trained and 
skilled investigators, and controlling extraneous variables will help 
minimize the risk of not being able to successfully reproduce an 
experimental finding—but this requires the diligence and coop-
eration of the entire scientific community. Clearly, the IACUC 
is in a position to bring factors impacting animal care and use  
issues to light and guard against them through thorough protocol  
reviews and program oversight, particularly when the “village” 
of people and perspectives that comprise the IACUC and its  
supporting staff are all involved.

These activities place the IACUC in a delicate position of strad-
dling an amorphous intersection of animal welfare, scientific merit 
and scientific integrity, all of which can impact reproducibility. 
The IACUC’s involvement in this breath of issues can be viewed 
as over-reach, creep, and burdensome to the investigator, making 
it very difficult to strike a balance between the strict interpreta-
tion of its prescribed regulatory mandates (the “must dos”) and the 
spirit of IACUC involvement on behalf of knowledge advancement  
(the “can dos”) from its unique position of being solely responsible 
for animal use approval and program oversight. The balance that is 
struck by the IACUC between the spirit of ensuring animal welfare 
and knowledge advancement and being viewed as a burden to other 
entities is often predicated on whether or not the institutional stake-
holders have a shared vision for the approach to guarding against 
reproducibility problems. The absence of a shared vision can be a 
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source of tension between the IACUC, investigators, laboratory 
animal facility, veterinarians and/or the institutional leadership. 
Ultimately, failure to address manageable factors that can erode 
reproducibility can undermine the value of animal-based studies 
and, similar to issues of perceived abusive animal care and use,  
poor experimental reproducibility can negatively affect public 
opinion about the value of animal-based research and the use of 
animals as research subjects.
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