Replacing .
Animal Searching for Replacements

Research

Introduction

Being able to access information on opportunities and approaches that can help replace
animals in research is essential for scientific, legal and ethical reasons. It can prevent
unnecessary duplication of studies, improve experimental design, and ensure that existing
and new alternative methods are used as widely as possible.

Searching is a key skill needed in planning research projects, ideas or proposals. It can help establish the current
state of knowledge, including gaps, inform research question development, identify appropriate research
methods or approaches including new developments and avoid duplication. Thorough searching strategies and
techniques help identify opportunities to replace animals, avoid their use completely, and provide a robust
exploration of leading scientific practice.

This guide introduces the basic principles of searching to help people find and identify information relevant to
their specific area of interest. It assumes no previous knowledge of search techniques, or of the facilities available
for obtaining information online. It’s a starting point, giving advice on terminology, appropriate strategies and
available resources for efficiently conducting online searches. When further in-depth or specific guidance is
available this is highlighted, and links are provided.Planning a Search

There are five basic steps in a comprehensive search:

Formulating a focused research question

Identifying appropriate databases and other sources of information
Transforming the research question into a search strategy
Collecting output and identifying potentially relevant papers
Saving and reporting searches
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1. Formulating a Focused Research Question

The value of any research lies in the nature of its benefits, its beneficiaries, the likelihood that (any) benefit may
arise from it, and the timeframe during which this benefit might accrue. Demonstrating the value of research is
necessary when applying for funding, for ethical review, or even submitting a manuscript for publication To do this,
itis important to first consider the benefit of answering the research question. Framing the research in terms of the
value of its output is also important when exploring opportunities to avoid the use of animals.

Focusing a research question is needed to maximise its impact and benefit, and this requires the input of other
stakeholders. In many fields, it is recognised that the cooperation of a broad range of voices leads to a more
successful development of a research approach that is relevant and needed.

The end users of research, such as patients, carers and clinicians in medical applications, or vets, animal owners,
breeders and producers for veterinary applications, can identify the problems relevant to them and their
requirements, to ensure that research is being directed towards an issue that is pertinent and beneficial. For basic
and fundamental science it is worth consulting peers, collaborators, and even lay people for an external
perspective.
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It is important to consider who the beneficiaries of the research would be, and how they might input into
its design to optimize its impact.

A focused, well-formulated research question is also key to designing an optimal search strategy. The main
components of the research question determine the structure and the sequence of the searches, so carefully
identifying these components is key. Within applied research, a specific research question generally contains the
following components:

(1) intervention/exposure

(2) disease of interest/health problem;

(3) target/host biological system in which the problem arises
(4) outcome measures.

A well-formulated research question could then be: ‘What is the effect of [intervention/exposure] on [outcome
measures] in [target/host biological system in which the problem arises] for [disease of interest/health
problem]?’

Parallels can be found within clinical research where the acronym PICO (Participants, Interventions, Comparisons
and Outcomes) is often used to determine the critical aspects of a clinical question in intervention studies.

In basic or fundamental research the search strategy remains the same, but the building blocks for the research
question may be a bit different (e.g. it is dependent on the scientific field studied). Although other types of search
components may be relevant when formulating a specific research question in fundamental science, the translation
of the research question into a search strategy is similar.

2. ldentifying appropriate databases and other sources of information
There is no single complete source of information for animal replacement. This is important to understand that a
thorough exploration of ways to avoid animal use will involve searching multiple sources of information.

These can include:

e Librarians to help identify databases and training opportunities
e Using online communities and forums

e Webinars and conferences
e Reaching out to peers on social media

e Contacting organisations like Replacing Animal Research, A InterNICHE and NC3Rs. Please see
Norecopa's global map of 3R centres and networks.

Online platforms and search engines

Online searches usingcommonly used search engines such as Google, whether powered by Al or not, can be useful
in finding relevant information, networks, communities and databases, but are limited by what is visible to them,
and the bias inherent in search engine optimization and commercial sponsorship. That being said, using
appropriate search terms may well identify relevant information such as ‘grey literaure’ like pre-registered
protocols, pre-prints of papers, reports from research commission by governmental bodies or NGOs, policy
literature, newsletters, government documents, white papers or similar.

Searches of social media platforms using suitable key terms (and hashtags where appropriate) may also help in
finding suitable conference presentations, webinars, pre-recorded research updates and public engagement
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materials from academic and other research institutions and networks, biotech firms and 3Rs and advocacy
organisations.

Bibliographic databases

Scientific information invisible to web search engines, like bibliographic databases requiring subscription or
registration, enable a much deeper search of existing techniques and approaches, much of which has been peer
reviewed. A regularly updated A to Z list of database can be found on the Norecopa website.

In recent years systematic reviews have been advocated as a robust method of conducting such literature
searches. A systematic review (SR) is a literature review focussed on a single question which tries to identify,
appraise, select and synthesise all available high quality research evidence relevant to that question.

A robust literature search can reveal gaps in knowledge and identify which ‘model’ may give the best answer to
the research question, but it may exclude some valuable sources of information.

Searching for replacement opportunities is a divergent way of looking for information. It uses data not only
from scientific literature within a specific area of study, but from studies using different experimental
designs in different fields, using different sources of information, different forms of literature, and
approaches used outside of the subject-specific field.

Purposive reviews of replacement opportunities use some of the same methods as systematic reviews, like
systematic approaches to identify information, or to quality appraise it, but they also use information that would
be excluded from a systematic review which otherwise might reveal alternative approaches leading to animal
replacement.

Try:
e ‘Grey literature’ including preprints of protocols or approaches from other fields

e Online community discussion forums, social media, and other networks used to seek advice or assistance
from others

e Directly contacting those with expertise or experience (e.g. 3Rs Centres, 1R organisations) or specialist
subject networks and learned societies)

3. Transforming the research question into a search strategy

When the research question has been formulated and appropriate databases identified then a search strategy to
address the research question needs designing. Creating a search strategy for a specific database can be complex
and depends upon specific search terms, the search capabilities of the database and the indexing system it uses.
It may be necessary to take a specific course in the use of the major electronic bibliographic databases, which
should be available at an institution’s library or to involve a specialist from the library for advice when developing
a comprehensive search strategy.

Leenaarsetal(2012) provide avery good breakdown of how to transform aresearch question into a search strategy
for PubMed, which is a very good introduction for this database. Please note this was for animal research studies,
but the principle of transformation is equivalent.
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Initially, it is necessary to define search terms specific to the field of study and the research topic.

Subject-Specific Terms

The four components of the research question: intervention/exposure; disease of interest/health problem;
target/host/biological system in which the problem arises and any outcome measures, should be used to generate
suitable subject specific search terms. One of the easiest ways to do this is to identify a set of core papers and a good
place to start is by looking through some relevant reviews.

Reviews can be used to identify key papers and authors in the field. This may result in some older references being
cited, and these can be followed forwards in time by using a citation index (e.g. Web of Knowledge [Web of
Knowledge] requires Athens or institutional login), to identify articles which have cited these key papers and key
authors. Relevant words can then be extracted from the full texts of the core papers, including any keywords
supplied by the authors.

The types of subject-specific search terms that need considering relate to the following categories:

e thefield of interest: e.g. cardiology, pharmacology, neurology

e the biological systems or anatomical structures that are studied

e any biological or disease processes involved

» any cell types, molecules, agents of interest or relevance to the study.

Keywords hinting at Replacement

When looking for replacement opportunities it’s important to bear in mind that there is no single clear labelling
system. Authors of scientific publications and databases rarely use the terms ‘alternatives’, ‘NATS’, NAMs’ or
‘replacement’ in tags, titles, abstracts or keywords.

Subject specific terms are required for searching but these need to be combined with terms that hint at non-animal
approaches, such as:

Co-culture Biopsy Organoid Microfluidic
Spheroid Explant Organ-on-a-chip In silico
Microphysiological (in) vitro Non-animal Machine learning
Equivalent assay 3D Ex-vivo

Consider synonyms, spelling variants and acronyms.

Some databases, such as PubMed, will automatically generate variants of search terms (e.g. remyelinate,
remyelination, remyelinating), but others won’t, so think about possible word variants. Also consider synonyms
e.g. heart instead of cardiac. Include any commonly- used acronyms, for example, GPT, NSAID. It is important to
think of possible variants in spelling such as in the British and US spellings of tumour or foetus, too.

At this stage itis helpful to go into one or two databases and retrieve the full records for some of these core papers.
This can easily be done by searching on appropriate words from the title and author names in the title and author
fields, and/or searching by date in the year field. The full records will show the words which have been used to
index the articles for the databases. They may help to identify some more keywords. If many of the core papers
cannot be retrieved from a database, this will indicate that this database is not going to be very useful for
the planned search.

Using Subject Headings
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Subject Headings are ‘standardised terms’, which are finite lists arranged hierarchically with broader and
narrower terms (e.g MeSH is the National Library of Medicine (NLM) controlled vocabulary thesaurus.They are
assigned by expert indexers (but also increasingly machines) and classify the article by tagging it with subject
headings that relate to the content. They tend to be updated annually.
Some tags represent the main focus of the article and some refer to secondary aspects, and this allows exploration
of associated (broader, narrower, and related) terms in a subject ‘tree’.

This can

o allow more effective searches and avoid missing relevant articles.
e avoid problems inherent in free text searching.
e retrieve relevant articles where the term does not occur in title or abstract.

Not all databases provide subject headings or a thesaurus (e.g. Web of Science and Scopus do not), so these rely
on just keyword searching, which means that as many synonyms, and alternate terms as possible should be used.

The databases that use subject heading thesauruses (Medline uses MeSH, EMBASE uses EMTREE, etc), have
different indexing systems, which means that the same subject headings can not be used from one database to
another. Using subject headings to do equivalent searches in different databases needs background reading to
identify the relevant subject heading (if it exists).

Using free-text keyword searching

Free text, textword or keyword searching is the strategy we use every day for online searches and one of the
options when searching any database.

The standard keyword search on most databases finds results if the words used are present in the:

o article title
e abstract
o keywords associated with the article assigned by the author

An article will be found if the searcher uses the same terminology as the author(s).

One of the problems with this type of searching is the ambiguity of ‘natural language’. This can be overcome by
using free text/keywords including synonyms, homonyms and variant forms of the same word or phrase - spelling
(US and UK English), plural v. singular, abbreviations, etc.

The terms then need to be combined into a search filter using Boolean or other operators.
Constructing Search Filters or Strings
Using parentheses and operators makes it possible to construct long and complex search filters, that include

keywords covering the entire search.

AND and OR are Boolean operators. OR is used to combine synonyms, abbreviations and all related terms on a
similar concept. OR can be used together with subject headings for a particular concept with relevant keyword
searches. 'OR is more'. The results of a search will get larger as OR is used to combine more terms together.

AND is used (normally at the end of the search) to combine together different concepts and to retrieve results

where all the concepts are present. AND narrows down the results and makes it more specific. AND is
sometimes automatic for two or more search terms depending on the database.
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However, systems that allow storage and recall of individual search sets, make it easier to search in a number of
steps, with each covering a single concept which can then be combined later in the process. It is then
straightforward to go back and adapt the differentfilters if necessary, since the number of documents retrieved by
each part of the search strategy can be seen.

Keeping notes on which combinations are being used at each stage, is helpful. If the search ends up including
many steps it can be tricky to remember exactly what was done and when. Copying and saving the search filters
created meansthey can be used againin future and the search can be reported to others. (See Reporting searches
below.)

Optimising a Search

If the first search retrieves too many and/or irrelevant documents, the search filter can be focused by using
narrower terms, for example searching on "organoids” instead of "in vitro". Another trick is to limit the search on
the most important terms to the title field, if that is permitted.

Alternatively, the first attempt may retrieve very few documents. In this case, some of the very specific parts of the
search profile can be removed and/or broader search terms used instead. Larger databases like as Embase and
Medline which use a hierarchical indexing system which allows searches to be ‘exploded’.

Selecting Explode automatically includes all articles which have also been tagged with any more specific
narrower terms in the thesaurus under the subject heading that was selected for the search.

The indexers will select the most specific subject heading possible to tag an article and by selecting ‘explode’ a
high level subject heading (e.g. antibiotic agent is used in Embase for the concept antibiotic) will the narrower,
more specific terms, e.g. named antibiotics, will automatically be included.

In general it is good practice to explode the Subject Headings in a search. If too much irrelevant material is
being retrieved, then explore the thesaurus to see whether a higher level subject heading (not exploded) is
preferable.

PubMed will default to explode any MeSH term searched.

WE HAVE CREATED A STEP-BY-STEP EXAMPLE OF SEARCHING FOR REPLACEMENTS FOR ANIMALS IN MULTIPLE
SCLEROSIS RESEARCH

4. Collecting output and identifying potentially relevant papers

Having performed the subject-specific search, full copies of relevant articles should be obtained and appraised to
seeifitthey’re appropriate and usable. If any are found to be irrelevant then note down the criteria used to exclude
them and how many papers were excluded under each criterion.

It is again necessary to consider using synonyms, acronyms, spelling variants and truncation. It may be a useful
exercise to limiteach searchfilter to subject-specific keywords expressing only one concept and use some broader
terms to extend the search into other disciplines. For the same reason, it is useful to try searching in a different set
of databases.

At all stages, retrieval of relevant documents will depend on indexing systems of the different databases and the
extent to which the search is tailored towards them. Some database hosts such as ProQuest or SpringerLink allow
asimultaneous search of multiple databases. This can save a lot of time, but they require a login, and it isimpossible
to optimise the search strategy to the indexing system of each individual database.
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https://scribehow.com/shared/Example_Searching_for_Replacements_for_animals_in_Multiple_Sclerosis_research__-1oZ1KEyQL-B2rFLxB7yyA
https://scribehow.com/shared/Example_Searching_for_Replacements_for_animals_in_Multiple_Sclerosis_research__-1oZ1KEyQL-B2rFLxB7yyA
https://www.proquest.com/
https://link.springer.com/

Retrieving the full records of known relevant articles from the selected database will show the indexing terms that
are used by that database and may help optimize subsequent searches.

Both peer-reviewed research articles and those referred to as ‘grey literature’ should be critically appraised for
their relevance and rigour. Alongside the critical academic assessment of the quality of a study (see Applying
critical and reflective thinking in academic and professional contexts: science perspective), including various
factors like the importance of the research question, the design and methodology of a study, the validity of the
results and their usefulness (application or relevance), the legitimacy of the conclusions, and any potential
conflicts of interest, whether and how the approach might inform a replacement approach must also be
considered.

When assessing the output of searches for replacement opportunities, it’simportant to remember that all models
have limitations. No individual model mimics every aspect of the real-life situation, and all are used as a proxy
that allow the control of certain parameters and variables that enable measurement and observation.
Extrapolation of data derived from them comes with caveats. Caveats should be recognized when comparing the
results of searches for alternatives to current animal ‘model’ use.

Useful questions to ask are:

e Does any of the retrieved information cover the minimum elements of what is needed?
e Canthey replace part of the work?

e Isit possible to adapt or optimize protocols to make them more applicable?

o What resources would be needed to do this?

Remember that 1:1 replacement is rare, but a combination of approaches may collectively answer the same
question.

5. Saving and reporting searches

To demonstrate the systematic and robust nature of a search it isimportant to save and report the search strategy
and outcome whenever possible. This could be as a supplement to a scientific paper, an internal report to an
AWERB/AWB/Animal Ethics Committee, a blog or social media post, or other format that enables open sharing of
information. Disseminating Replacement information and helps other researchers search effectively, and
prevents duplicated effort.
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We have produced a Replacement Checklist to indicate the steps required to thoroughly explore existing
opportunities and new approaches to answering a research question. It can also be used as a list of questions by
those reviewing proposals, whether an application for funding or for a licence to use animals in research, that don’t
require subject-specialist knowledge to provide reassurance that the potential to replace animals has been fully
explored.

The Checklist aims to: A Replacement ARiepl?cing
| | ) Anima
e Support researchers to identify and m Checklist Research
assess whether scientifically #

Asking What, Where, When, Who, How, and Why should provide information to guide

satisfacto ry replacement a pproaches both researchers and reviewers of proposals and applications to ensure a thorough

existin line with current legislation.

e Encourage researchers to plan their
research projects from a starting
point of avoiding animal use.

e Support members of funding review
panels, and Animal Welfare and
Ethical Review Bodies (AWERBS) to
scrutinise applications and
applicants on alternative approaches
and how these have been explored.

e Assist AWERBs and institutions to
disseminate information on how to
more thoroughly explore alternatives
at an earlier stage to avoid and
replace animal use.

e Help those making decisions about
funding animal research to ensure
they are supporting research activity
that demonstrates full compliance
with the 3Rs including the use of
alternative methodologies and the
avoidance of animal use wherever
possible.

e Support editors and reviewers of
manuscripts to evaluate compliance
of submissions with 3Rs policy of
scientific journals.
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exploration of opportunities to avoid animal use has been performed.

What subject area(s) did the search(es) cover?

[] Are the search terms and variants used provided?
[] Are the search terms relevant to the field of study?
[ Is there anything missing from search methodology?

Where was the information obtained?

[ Which databases were searched?
[ Which websites were searched?
O was any other ‘grey literature’ included?

How was the search conducted?

[[] What combination of operators and search terms was used?
[] Were search string(s) constructed?
[J Were different types of searches used for different sources of information?

When were the search(es) completed?

[] What publication years were included?
] When was the search conducted?
[ was it repeated?

Who was approached for advice?

[ Which networks, communities or individuals?
[ Were any 3Rs or 1R organisations approached for expert advice?

Why were results of the search(es) rejected?

[[] Were the results of the search provided?

[[] Were the results relevant to the field?

[ Could any identified protocols be adapted to suit?

[ if results were rejected, was it justifiable to do s0? Was the output
thoroughly evaluated?



In the simplest terms, asking the What, Where, When, Who, How and Why questions should provide information
to guide both researchers and reviewers of proposals and applications to ensure a thorough exploration of
opportunities to avoid animal use has been performed.

What subject area(s) did the search(es) cover?

O Are the search terms and variants used provided?
O Are the search terms relevant to the field of study?
O Is there anything missing from search methodology?

Where was information obtained?

O Which databases were searched?
0 Which websites were searched?
O Was any other ‘grey literature’ included?

When were the articles published, and the search(es) completed?

[0 What publication years were included?
O When was the search conducted?
O Wasitrepeated?

Who was approached for advice?

O Which networks, communities or individuals?
[0 Were any 3Rs or 1R organisations approached for expert advice?

How was the search conducted?

O What combination of operators and search terms was used?
O Were search string(s) constructed?
O Were different types of searches used for different sources of information?

Why were the results of the search(es) rejected?

O Were the results of the search provided?

O Were the results relevant to the field?

O Could any identified protocols be adapted to suit?

O Ifresults were rejected, was it justifiable to do so? Was the output thoroughly evaluated?
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