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ABSTRACT. Searching for alternatives to using animals in research is
not a standard service currently offered by most medical research li-
braries. The goal of this article is to demystify this type of expert search
for medical librarians and to do so using a language they know well,
that of the Medical Subject Headings (MeSH) thesaurus. An attempt is
made in this paper to discuss possible search strategies and to include
examples of recommended approaches to searching–all in the context
of the 3Rs of alternatives: Replacement, Refinement, and Reduction.
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INTRODUCTION

In its policy statement on the “Role of Expert Searching in Health
Sciences Libraries,” the Medical Library Association (MLA) lists “Re-
search Design Support” as one of the high impact areas that may benefit
from the assistance of an expert librarian searcher.1 Assistance with dis-
covering “alternative animal models” is one of the examples that MLA
gives of this type of support, yet “searching for alternatives to using ani-
mals in research” is not a standard service currently offered by most
medical research libraries. The goal of this article is to demystify this
type of expert search for medical librarians and to do so using a lan-
guage they know well, that of the Medical Subject Headings (MeSH)
thesaurus.

BACKGROUND

At research centers in the United States, experimental protocols that
involve the use of animals must be submitted to the Institutional Animal
Care and Use Committee (IACUC) for approval.2 In addition to their
experimental protocol, researchers must submit to IACUC a search
strategy showing that they have performed a comprehensive search of
the literature for alternatives to the use of animals in their research. The
reason for doing this is that: “The Animal Welfare Act (AWA) regula-
tions require principal investigators to consider alternatives to proce-
dures that may cause more than momentary or slight pain or distress to
the animals and provide a written narrative of the methods used and
sources consulted to determine the availability of alternatives, including
refinements, reductions, and replacements.”3 In “The Principles of Hu-
mane Experimental Technique,”4 Russell and Burch discuss the re-
moval of inhumanity “under the three broad headings of Replacement,
Reduction, and Refinement,” which are the three Rs referred to above.
In brief, these are:

• Replacement–substitute animal with non-animal methods or lower
organisms
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• Refinement–explore techniques and procedures to reduce pain and
distress

• Reduction–minimize the number of animals used

In considering more humane alternatives, researchers are expected to
translate the three Rs into their investigations of the existing scientific
literature. The main provider of assistance and training in this area is the
Animal Welfare Information Center (AWIC), which was established
in 1986 and is part of the U.S. Department of Agriculture (USDA) Na-
tional Agricultural Library (NAL). AWIC is mandated by the AWA “to
provide information for improved animal care and use in research, test-
ing, teaching, and exhibition.”5 One of AWIC’s functions is to provide
search support to both researchers and librarians who are searching for
alternatives, as well as offer on-site training seminars. One such seminar
was conducted at Columbia University in February 2004. During the ses-
sion, AWIC specialists worked with local librarians and widely recom-
mended that scientists seek the help of librarians at their institution.
This effort helped spawn the animal alternatives search service that is
now in existence at Columbia University’s Health Sciences Library.6

OBJECTIVES/PURPOSE

Medical Subject Headings (MeSH), the National Library of Medi-
cine’s controlled vocabulary thesaurus,7 will be used in this paper to il-
lustrate how using a familiar controlled vocabulary is an effective way
to conduct a literature search that addresses the concepts behind search-
ing for alternatives. NLM’s MEDLINE database is only one of a num-
ber of databases that should be consulted when doing a comprehensive
search for alternatives. Other databases include AGRICOLA, Bio-
logical Abstracts, INSPEC, PsycINFO, Aquatic Sciences & Fisheries
Abstracts, CRISP (Computer Retrieval of Information on Scientific
Projects), and more.8 However, MeSH search strategies can only be
used in MEDLINE; other databases have their own thesauri for index-
ing, if any. Still, exploring the terminology using MeSH will allow the
user to harvest keywords and index terms describing concepts that can
then be used to search databases other than MEDLINE.

There are many challenges to developing a standardized approach to
searching for alternatives, the most obvious of which is the fact that no
two experimental protocols will ever be the same. Searching for alterna-
tives requires a great deal of flexibility in searching method and the
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willingness to combine various search techniques. An attempt is made
in this paper to discuss possible search strategies and to include exam-
ples of recommended approaches to searching. Examples given will be
as generic as possible and common themes will be highlighted where
appropriate. In addition, selected search strategies, as well as frequently
used MeSH terms (useful at various stages of the 3Rs search), will be
presented in Appendix A and Appendix B, respectively. The Ovid Tech-
nologies, Inc. interface will be used to present search examples.

DEVELOPING THE SEARCH STRATEGY

Generally, the sequence of events that precede a search for alterna-
tives is as follows. A research scientist submits an experimental proto-
col (new or renewal) to his or her institution’s IACUC for review. If the
literature search for alternatives described therein is inadequate, he or
she is referred to the library’s alternatives search service for assistance.
(It should be noted that, with the increased popularity of the search ser-
vice at Columbia University’s Health Sciences Library, more and more
scientists now meet with a librarian prior to submitting their protocol to
IACUC in order to avoid unnecessary delays.) A librarian will work in-
dependently on the protocol before meeting with the researcher to ex-
plain the search process. Often, the librarian and the researcher will then
expand upon the search strategy together. The researcher will be ex-
pected to review the retrieved set of articles, focusing primarily on the
“Materials and Methods” section of each article.

To be able to conduct a reasonable search for alternatives, librarians
must first be provided with the experimental protocol, which should in-
clude the following information:

• Research Topic
• Research Objective
• Research Methods

It is a combination of these three components, easily remembered as
“TOM,” that will be searched upon when trying to address each of the
three Rs–Replacement, Refinement, and Reduction. As with any data-
base searching, developing the “animal alternatives” search strategy is
always an exercise in compromise; it is a matter of finding the middle
ground between what you will gain or lose by selecting one search term
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over another, by using certain Boolean operators, and by increasing or
decreasing search precision and recall.

Search Strategies Addressing “Replacement”

For “Replacement,” the goal of the search is to look for research
studies that are similar to the experimental protocol in overall objec-
tives and outcomes, but that may use non-animal methods or employ
animals of lower species.

There are several ways that this goal can be translated into the litera-
ture search. The following case study will be used to illustrate the issues
that the searcher should consider:

Assume that the objective of an experimental protocol is to study
how retinoblastoma protein, a tumor suppressor, affects the process
of carcinogenesis in lung cancer. The protocol involves inducing
lung cancer in guinea pigs by means of cancer cell transplantation.

To begin the search, the broadest possible search is performed on the
research topic (see Figure 1, sets #1-3) using the experimental protocol
to identify terminology. Notice that the MeSH term “Neoplasms” is
used instead of the more specific term, “Lung Neoplasms,” and that
MEDLINE’s explode function is used “to retrieve citations that carry
the specified MeSH heading (or subheading) and also retrieve citations
that carry any of the more specific MeSH headings (or subheadings) in-
dented beneath it in the Tree structure.”9 The idea behind this broad
search is to retrieve research studies that share a similar research
topic/objective, regardless of, in this case, the specific type of cancer
being studied. Increasing the pool of studies similar in topic and objec-
tive will increase the likelihood that among such studies a potential ani-
mal alternative will be identified.

Substituting animal with non-animal models/methods. Once the ini-
tial broad research topic/objective search is done, the issue of “Replace-
ment” can be addressed. The Boolean operator “OR” can be used to
create a single search set of all articles indexed with either the “Ani-
mals” or “Humans” MeSH terms (see Figure 1, sets #4-7). The Boolean
operator “NOT” is then applied to the search in order to exclude these
articles from the final results set of citations (see Figure 1, set #7). As
such, this final set of articles should hopefully include everything but
animal or human experimentation with regard to this topic. (Note that
excluding the articles indexed with the term “Humans” also excludes
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studies involving, for example, human umbilical vein endothelial cells,
which could be used as an in vitro screening assay. The Boolean opera-
tor “NOT” should always be used with caution as its use involves the
risk of missing some potentially useful studies.)

Another way to approach this type of search is to create a search strat-
egy using MeSH terms that actually describe the possible non-animal
methods themselves. This strategy can include, for example, the MeSH
terms “Computer Simulation,” “Cadaver,” “Aborted Fetus,” etc. (see
Figure 2, sets #4-13). It is important to note, however, that the same MeSH
terms cannot always be used for every protocol. Ideally, the terms in-
cluded should be ones that are applicable to the experimental protocol at
hand and that actually would be considered by the researcher as an alter-
native technique.

Exploring the MeSH hierarchy is a good way to compile terminology
for other possible alternative models/methods. For example, the MeSH
terms found under the broader heading “Models, Theoretical” could be
utilized if these are deemed to be applicable to a protocol (see Figure 3).
Take note, however, that the “Models, Theoretical” MeSH hierarchy in-
cludes the “Disease Models, Animal” MeSH term which should be ex-
cluded from the “Replacement” search (whose aim it is to locate animal
model alternatives). The rest of the headings found under “Models,
Theoretical” should also be used with caution as articles indexed with
these terms may include both animal and non-animal models.

One of the complications that searchers may encounter when using
MeSH terms is that non-animal methods used in protocols are not al-
ways used in the exclusion of animal techniques; a protocol may prog-
ress from the in vitro stage to in vivo within the same experiment. As a
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result, a citation may be indexed with “in vitro.pt.” and “Animals” at the
same time. For example, if an experiment used cultured cells derived
from mice, MeSH terms “Mice” and “Cells, Cultured” would both be
applied to the citation by NLM indexers.10

Consequently, combining the two approaches to searching (described
in Figures 1 and 2) with a Boolean operator “OR” is recommended to
avoid missing potentially useful citations. Keep in mind that when
searching the literature for alternatives to the use of animals in research,
the nature of the search is such that it will inevitably be one of high re-
call and low precision. It is expected that the researcher will end up with
a large number of citations that he or she will have to review, few of
which will actually be relevant. It is necessary to be this comprehensive,
however, in order for the researcher to be able to make the claim that all
possible alternatives were considered.

Substituting animal with “lower” organisms (less-sentient species). If
non-animal replacements are not available, substituting animals with
phylogenically “lower” organisms is also an option. Such a search can be
achieved, for example, in the above-mentioned case study, by exploding
the MeSH term “Animals” and then excluding from that results set all
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FIGURE 3. Sample MeSH Hierarchy for Possible Alternative Models
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of the articles indexed with the MeSH term “Mammals” (see Figure 4,
sets 4-6). This example assumes that non-mammal subjects would be
reasonable alternatives for this research protocol. Once this set is com-
bined with the Boolean operator “AND” to the broad topic/objective
search set, studies in this area that are using phylogenically lower
species will be retrieved (see Figure 4, sets 1-7). In another case, for
example, if the researcher was experimenting on primates, a “lower”
organism substitute could be one from the rodentia order. (Note that the
rodentia order is also from the mammal class.)

Alternatively, if the researcher is already aware of potential “lower”
organism candidates for substitution, these can be searched upon di-
rectly using the MeSH terms that describe them and then combined to-
gether in one search set using the Boolean operator “OR.” For example,
the researcher may wish to consider “Guinea Pigs” or “Rabbits” (see
Figure 5) as possible substitutes. When using subject headings for or-
ganisms, it is generally advisable to choose a broader heading over the
species-specific one in order to increase the pool of potential alterna-
tives. In this last example, the broader headings were the names of the
orders that include “Guinea Pigs” and “Rabbits,” which are “Rodentia”
and “Lagomorpha,” respectively. This set of possible alternative organ-
isms would then be combined to the broad research topic set using the
Boolean operator “AND.”

Search Strategies Addressing “Refinement”

For “Refinement,” the goal of the search is to locate research stud-
ies that are similar to the experimental protocol in overall objectives,
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FIGURE 5. Sample MeSH Hierarchy for Possible Phylogenically “Lower”
Organisms

Reprinted with permission. © Ovid Technologies, Inc.



outcomes, and even animal model used, but that may use more humane
or less painful methodology and procedures.

Unfortunately, there are no terms in the MeSH thesaurus designed to
assist researchers in evaluating the humaneness of one experimental tech-
nique over another. The studies that would likely be useful in identifying
these more humane procedures generally will not include a direct as-
sessment of the methods used (in terms of humaneness). There is, of
course, an exception to this–articles that directly address the concepts of
experimental ethics and the humane treatment of animals in research.
Citations for these articles could include some of the MeSH terms
shown in Figure 6. Articles indexed with MeSH terms such as “Animal
Experimentation,” for example, may be valued by the researcher as they
would allow him or her to gain additional insights into the ethical, legal,
and social considerations of experimenting on animals.

Two ways that an experimental protocol can be “more humane” are
(1) by using alternatives to painful and unreasonably invasive proce-
dures (substituting procedures), or (2) by finding ways of reducing pain
and distress while performing the painful/invasive procedure (improv-
ing on procedures). How these two approaches can be translated into a
literature search is described in the examples that follow.

Substituting procedures. Without the availability of index terms that
rate humaneness, researchers are left with little choice but to conduct a
broad search on their topic and objective with the intent of finding experi-
ments very similar to their own. This will allow them to compare their
own proposed protocol with the protocols of studies with a similar ex-
perimental design. By reading the “Materials and Methods” sections of
these articles, the researcher may come across a variation in approach that
may be “more humane” than their own proposed way of doing things.

The idea behind this first refinement-type search is to look for studies
that employ alternatives to the procedures that the researcher intends to
use. It is not unlike the type of comprehensive search that a researcher
would perform to establish the uniqueness of his or her work, to ensure
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Welfare and the Humane Treatment of Animals in Research

Reprinted with permission. © Ovid Technologies, Inc.



that already existing research will not be duplicated, and to become fa-
miliar with any relevant/related pre-existing research studies. This type
of refinement search strategy, however, should be developed without
using any terminology describing the specific experimental methods
intended to be used in the protocol.

For example, in Figure 7, the intentionally broader MeSH term
“Neoplasms, Experimental” is chosen in the search (for substitute pro-
cedures for inducing carcinogenesis in animals) even though the aim
of this search is to retrieve studies describing more specific methods–
possibly ones that the researcher was previously unaware of. If more
specific terminology is used in the search strategy instead, the scientist
would not have the opportunity to discover new approaches that were
not considered when the protocol was originally being written. Assum-
ing neoplasm transplantation is the technique that the researcher ini-
tially intended to use in his or her experimental protocol, in order to
exclude this intended neoplasm induction method from the final search
set of possible procedures, the MeSH term “Neoplasm Transplantation”
would then be combined with the MeSH term “Neoplasms, Experimen-
tal” using the Boolean operator “NOT” (see Figure 7, sets #1-6).

On the other hand, if a scientist does have some ideas for possible al-
ternatives based on his or her familiarity with the field, he or she may
choose to search directly on those. For example, a researcher who ini-
tially planned to perform an invasive surgery on a pregnant animal in or-
der to introduce modified genetic material to the fetal airways may
consider some less invasive surgical procedures. Searching on the
MeSH tree “Surgical Procedures, Minimally Invasive” (see Figure 8)
will enlighten him or her of some available options (including, for ex-
ample, fetoscopy) and enable him or her to find relevant studies.11
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Beyond the primary experimental method used (e.g., neoplasm in-
duction–the principal method used for achieving the main objective in
the first case study discussed in this article), other procedures employed at
different stages of the protocol should also be considered for refinement.
Blood collection, drug injection, animal identification, and surgical
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FIGURE 8. Sample MeSH Hierarchy for Possible Substitutes to “Less Humane”
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procedures are all common techniques that should be scrutinized by the
researcher and evaluated for their humaneness. As mentioned previ-
ously, searching on a broader MeSH term can be a productive way for
the researcher to uncover alternative procedures that he or she may not
have previously considered because he or she was unaware of them. For
example, if an animal protocol involves ear tagging as a method of animal
identification, searching on the MeSH term “Animal Identification Sys-
tems” combined with the MeSH term that describes the animal type
(class, order, species, etc.) will return articles on ear-tagging techniques,
as well as other options that differ from the ones that the researcher origi-
nally intended to use.

In another example, if a researcher concluded that, rather than inject-
ing an experimental animal repeatedly, a more humane drug delivery al-
ternative would be to utilize implantable infusion pumps, he or she
could search on this substitute procedure directly by using the MeSH
term “Infusion Pumps, Implantable/ae, ve [Adverse Effects, Veteri-
nary].” Combining this term with the MeSH term “Guinea Pigs,” for ex-
ample, is the way to uncover articles wherein the “Materials and
Methods” sections document how this intervention is used with this
type of animal. After reviewing these articles, the researcher would then
be in a position to better evaluate whether the new method would be a
feasible alternative for his or her proposed experimental procedure.

A note of caution should be made about using the broader MeSH
term “Models, Animal” without first studying the MEDLINE database
scope notes for terms in this hierarchy. Each term in this hierarchy has a
limited scope and as such, it is recommended that these terms be com-
bined with the exploded term “Animals” using the Boolean operator
“OR.” This approach is taken in order to avoid missing out on poten-
tially relevant articles that may only be indexed with one of these terms
(see Figure 9, sets #4-6).

An example of a citation12 where “Animals” and “Rats” were used as
descriptors instead of the MeSH term “Models, Animal” (or any of the
narrower MeSH terms in that hierarchy) is provided in Figure 10.

Improving on procedures. If the searcher discovers that there are in-
deed no alternatives to certain necessary procedures, then a second re-
finement-type search must be performed, this time using the names of
the materials and methods (proposed to be used in the research protocol)
for the search terminology. Combining this search with the specific ani-
mal type that the researcher intends to use is advisable to limit the search
results set to studies that are most relevant to the original research proto-
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col. Again, the idea behind this search is to find experiments that per-
formed a procedure or technique in a more humane way.

Assume that the researcher is looking for better ways to relieve the
pain and distress that the animal experimental subject may experience
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FIGURE 10. Example Citation Illustrating the Use of the Term “Animals” in
MeSH Indexing

Reprinted with permission. © Ovid Technologies, Inc.

FIGURE 9. Using the “Animals” and “Models, Animal” MeSH Hierarchies

Reprinted with permission. © Ovid Technologies, Inc.



as a result of an operative surgical procedure. One approach to search-
ing would be to search using the name of the intended procedure (e.g.,
using the MeSH term “Lymph Node Excision”) and to qualify this sub-
ject heading with relevant subheadings. These could include: “Meth-
ods,” “Adverse Effects,” “Rehabilitation,” etc. The resulting search set
would then be combined using the Boolean operator “AND” to a MeSH
term that describes the specific type of animal being used (e.g., “Dogs”).

Approaches to refinement can be as varied as the methods used in
research–they are innumerable. Surgical procedures, instrumentation,
and equipment; postoperative complications and care; veterinary care;
animal handling and housing; anesthesia and analgesia; euthanasia; and
many other issues may be in question when it comes to their degree of
humaneness. Each of these elements of the research materials and meth-
ods, no matter how mundane, should be examined and addressed indi-
vidually in the search for alternatives.

Search Strategies Addressing “Reduction”

For “Reduction,” the goal of the search is to search for research
studies that are similar to the experimental protocol in overall objec-
tives, outcomes, animal model used, and even methodology, but that
may use a smaller number of animals to achieve the same outcomes.

Unfortunately, there are no MeSH terms specifically intended to de-
scribe the number of animals used in an experimental protocol, and no
MeSH terms with which indexers could indicate that the minimum num-
ber of animals was used. The search addressing the issue of reduction is
consequently a targeted one in which the searcher should include termi-
nology that describes all three components provided in the protocol–the re-
search topic, objective, and materials and methods. The researcher will
subsequently be required to browse the “Materials and Methods” section
of each article retrieved in order to uncover the number of animals used
in each study.

FUTURE CONSIDERATIONS AND RECOMMENDATIONS
FOR IMPROVING INDEXING

MEDLINE indexing currently includes terms that specify research
type (e.g., “in vitro.pt.”) or research subject (e.g., “Animals”); however,
the list is incomplete. The present indexing could definitely benefit from
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the creation of more descriptive and precise terminology. For example,
establishing a new MeSH term to better characterize the ex vivo type of
research would facilitate searching as researchers often do differentiate
between in vitro, in vivo, and ex vivo research.

Another improvement that would aid the searcher looking for alter-
natives would be if the authors of the research studies themselves would
disclose in the “Materials and Methods” section of the article whether
their choice of methodology had been made because it was less invasive
or more humane. Ideally, this information would also be reflected in the
keywords supplied by the author and used to direct indexers to assign
terms that would help searchers to identify these articles. A similar sug-
gestion to this was made in the report that followed the 2003 Interna-
tional Workshop on Alternative Methods to Animal Experiments.13

CONCLUSION

Searching for alternatives to the use of animals in research involves the
type of database searching skills that most medical librarians already pos-
sess. With a minimal investment of time in professional development,
medical librarians can become extremely proficient at performing these
searches. There is much to be gained by offering this type of expert
search service. It provides an ideal way for librarians to promote their
value to their institution by helping its researchers meet the Animal
Welfare Act legal requirement, and consequently, making them a part
of the institution’s grant/award application process.
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http://www.nlm.nih.gov/bsd/pubmed_tutorial/glossary.html#auto_explode
http://www.aphis.usda.gov/ac/policy/policy12.pdf
http://altweb.jhsph.edu/publications/humane_exp/het-toc.htm
http://www.nlm.nih.gov/bsd/pubmed_tutorial/glossary.html#auto_explode
http://www.nlm.nih.gov/bsd/pubmed_tutorial/glossary.html#auto_explode
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Selected Useful Search Strategies or “Hedges”
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APPENDIX B

Selected MeSH Terms (Frequently Used in Searching for 3 Rs)

Please note that MeSH terms that predominantly cover ethical, legal, and regula-
tory aspects of animal use in biomedical research are recommended as supple-
mental to searching on the research topic, objectives, and materials and methods
of a research protocol (TOM). MeSH terms that cover animal anatomy and vet-
erinary handling of animals are (on the most part) not used for indexing articles
that are using animals as a means to prove the value of a procedure in humans or
to prove the efficacy of a drug. These terms help in finding articles on proce-
dures done on animals (the animals being the “objective” of the study described)
which is why they are also recommended for supplemental use.




