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Key terms
For the purposes of this document, key terms are defined as follows:
Key term

Definition

3Rs

Replacement, reduction and refinement of animal use.

Alternative

There is broad international agreement about the definitions of the terms
replacement, reduction and refinement. However, the term alternative is
sometimes used to refer to replacement of animal use alone or to encompass
replacement alternatives, reduction alternatives and refinement alternatives as a
whole. For the purposes of this document, the terms replacement, reduction and
refinement are as defined in this section and the term alternative is not used to
describe all three concepts collectively.

Animal

As defined in the Code: Any live non-human vertebrate (that is, fish, amphibians,
reptiles, birds and mammals, encompassing domestic animals, purpose-bred
animals, livestock, wildlife) and cephalopods.

Animal ethics
committee

As defined in the Code: A committee constituted in accordance with the terms of
reference and membership laid down in the Code.

BPM Guidance

Best practice methodology in the use of animals for scientific purposes (2017)
(updated 2018)

Code

Australian code for the care and use of animals for scientific purposes (2013) 1

Institution

As defined in the Code: Any organisation or agency involved in the care and use
of animals for scientific purposes, including universities, hospitals, research
institutes, government departments, teaching organisations (including schools and
colleges), vocational training organisations, agricultural organisations, commercial
companies, and organisations involved in animal breeding and supply.

Investigator

As defined in the Code: Any person who uses animals for scientific purposes.
Includes researchers, teachers, undergraduate and postgraduate students
involved in research projects, and people involved in product testing,
environmental testing, production of biological products and wildlife surveys

NHMRC Act

National Health and Medical Research Act 1992

Reduction

Methods for obtaining comparable levels of information from the use of fewer
animals in scientific procedures or for obtaining more information from the same
number of animals.

Refinement

Methods that alleviate or minimise potential pain and distress, and enhance
animal wellbeing.

Replacement

Methods that permit a given purpose of an activity or project to be achieved
without the use of animals.

Research

As defined in the Australian code for the responsible conduct of research (2018): 2
the concept of research is broad and includes the creation of new knowledge
and/or the use of existing knowledge in a new and creative way so as to generate
new concepts, methodologies, inventions and understandings. This could include
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Key term

Definition
synthesis and analysis of previous research to the extent that it is new and
creative.

Scientific purposes

As defined in the Code: All activities conducted with the aim of acquiring,
developing or demonstrating knowledge or techniques in all areas of science,
including teaching, field trials, environmental studies, research (including the
creation and breeding of a new animal line where the impact on animal wellbeing
is unknown or uncertain), diagnosis, product testing and the production of
biological products.

Teaching activities

As defined in the Code: Any action or group of actions undertaken with the aim of
achieving a scientific purpose, where the scientific purpose is imparting or
demonstrating knowledge or techniques to achieve an educational outcome in
science, as specified in the relevant curriculum or competency requirements.
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Acronyms
Acronym

Expanded description

AEC

Animal ethics committee

ARC

Australian Research Council

AWC

Animal Welfare Committee of the National Health and Medical Research Council

CSIRO

Commonwealth Scientific and Industrial Research Organisation

NHMRC

National Health and Medical Research Council

UA

Universities Australia
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Introduction
Background
The Australian community expects any care and use of animals for scientific purpose to be responsible,
ethical and humane. The use of animals has led to advances from which all Australians have benefited, such
as understanding and treatment of infectious diseases and organ transplantation. Nevertheless, all those
involved with the care and use of animals for scientific purposes have a responsibility to ensure the
consideration and implementation of alternative approaches that do not use animals. If the use of animals is
the only way to obtain the necessary information, there is a responsibility to ensure that the studies are of the
highest quality, designed to involve the fewest necessary number of animals and to safeguard animal
wellbeing. These principles known as the 3Rs — Replacement, Reduction and Refinement — were first
proposed by William Russell and Rex Burch in 1959. 3
The 3Rs are now recognised internationally as the framework for the ethical and humane use of animals for
scientific purposes and have become embedded in national and international legislation and regulation, and
policies of organisations that fund or conduct animal research.

Replacement

Methods that permit a given purpose of an activity or project to be achieved without
the use of animals.

Reduction

Methods for obtaining comparable levels of information from the use of fewer animals
in scientific procedures or for obtaining more information from the same number of
animals.

Refinement

Methods that alleviate or minimise potential pain and distress and enhance animal
wellbeing.

In Australia, the state and territory governments are responsible for the regulation of animal welfare,
including the care and use of animals for scientific purposes. The Australian code for the care and use of
animals for scientific purposes (2013) (the Code)1 is adopted in legislation in all Australian states and
territories.
The Code is published by the National Health and Medical Research Council (NHMRC) and endorsed by
NHMRC, the Australian Research Council (ARC), the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) and Universities Australia (UA). It sets out the framework for the ethical, humane and
responsible care and use of animals for scientific purposes and provides guidance for institutions, animal
ethics committees (AECs) and investigators. The Code applies to the care and use of all live non-human
vertebrates and cephalopods.
The governing principles in the Code include the necessity for the application of the 3Rs at all stages of
animal care and use. These principles underpin the requirements in the entire Code including the
responsibilities of institutions, animal ethics committees, investigators and animal carers.

The 3Rs are established in Australia through adoption of the Code in state and territory legislation.

In addition to underpinning the framework for the ethical and humane use of animals, the 3Rs are recognised
as providing a structure and a tool for the conduct of high quality animal-based studies and the application of
good scientific method. The Best practice methodology in the use of animals for scientific purposes, 2017
(updated July 2018) (BPM Guidance) 4 provides guidance for the conduct of high-quality animal-based
studies, including the application of the 3Rs. This guidance was developed by NHMRC and is supported by
ARC, CSIRO and UA. It is intended to support the implementation of the Code.
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NHMRC and the 3Rs
NHMRC is the leading agency for funding health and medical research in Australia. NHMRC’s purposes are
to fund high-quality health and medical research and build research capability, support the translation of
health and medical research into better health outcomes and promote the highest standards of ethics and
integrity in health and medical research. These purposes support NHMRC’s mission of ‘building a healthy
Australia’. They reflect the role for NHMRC set out in its enabling legislation – the National Health and
Medical Research Council Act 1992 (NHMRC Act).
NHMRC does not fund research involving animals unless the work is:
• of high quality and significance as determined by NHMRC's peer review process
• ethically reviewed and approved by an AEC before the work begins, and
• conducted in accordance with relevant legislation and the Code, which includes strict requirements for the
application of the 3Rs.
For institutions and researchers receiving NHMRC funds, NHMRC's expectations are that:
• Institutions promote compliance with the Code with respect to the 3Rs, including the development and
promotion of relevant policies and procedures and the provision of training and resources
(Clause 2.1.5 [iii] of the Code).
• Researchers apply the principles of the 3Rs at all stages of animal care and use including planning,
conducting and reviewing projects, as outlined in the Code.

NHMRC’s 3Rs Project
Despite the importance of the 3Rs, there is limited documented evidence about the use of the 3Rs in
Australia. To address this information gap, NHMRC’s Animal Welfare Committee has overseen a project to
obtain current information about how the 3Rs are being implemented in Australia and factors that enable or
hinder their development and adoption. The project’s scope did not include funding of projects for the
development of the 3Rs, identification of prospective research areas for the 3Rs, and the benefits or
otherwise of specific 3R methods or techniques.
Major components of the project included the conduct of a literature review and a survey of those involved
with the use of animals for scientific purposes in Australia (the 3Rs Survey).

Aim of this document
This document is intended to present information about the implementation of the 3Rs in Australia, to
promote informed discussion of the issues and guide recommendations for improvement if required.
To this end, NHMRC provides this Information Paper for broad circulation within the Australian community. It
will be of particular interest to those directly involved with the care and use of animals for scientific purposes
– institutions, investigators, AEC members and animal carers — as well as animal advocacy groups,
professional groups, veterinarians, and those involved with policy and legislation related to the care and use
of animals for scientific purposes.
This Information Paper is not intended to represent actions that will be taken by NHMRC, as implementation
of the 3Rs in Australia is the responsibility of the sector as a whole. Many areas for potential improvements
that have been identified are not within NHMRC’s remit under the NHMRC Act.

Structure
This paper is structured to provide information in seven areas.
• Section 1 outlines the importance of the 3Rs to the conduct of high-quality animal-based studies.
• Section 2 summarises background information about the literature review and the 3Rs Survey.
• Section 3 highlights how innovations in the 3Rs can be unrecognised.
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• Section 4 presents an overview of the implementation of the 3Rs in Australia and identifies strengths and
opportunities for consideration by the sector.
• Section 5 provides advice about some international 3Rs centres that can be a source of information about
current, and the development of new, 3Rs methods and techniques.
• Section 6 outlines how this paper was developed.
• Section 7 provides information about relevant publications and further resources.
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1. The 3Rs and ensuring high-quality animal-based
studies
This section discusses the principles and implementation of the 3Rs and outlines the significance of the 3Rs
to the conduct of high-quality animal-based studies.

Introduction
The 3Rs underpin the framework for the ethical and humane use of animals and must be considered at all
stages of animal care and use, including the planning, conduct and review of projects (Code, Clause 1.1 [v]).
In addition, the 3Rs are recognised as providing a structure and a tool for the conduct of high quality animalbased studies and the application of good scientific method. 5,6,7,8 Further guidance about the significance of
the 3Rs is outlined in the BPM Guidance.4

Replacement
Application of the principle of replacement involves the use of methods that allow the aims of a project to be
achieved without the use of animals in all or part of the study (Code, Clauses 1.18–1.20). Techniques to
replace the use of animals include the use of epidemiological data; physical and chemical analysis;
computer, mathematical and inanimate synthetic models; simulations; in vitro systems; non-sentient
organisms; cadavers; and clinical cases (Code, Clause 1.19).
The planning phase of a study should involve identification of all feasible methods of testing the study’s
hypotheses including viable non-animal models and the use of less sentient alternatives such as
invertebrates. Systematic review of animal-based studies should be considered where
appropriate. 9,10,11,12,13,14,15,16 The validity and relevance of a proposed animal model must be assessed. If
there is insufficient evidence to support the validity of an animal model, its use must be rejected.

Reduction
Application of the principle of reduction enables the proposed aim(s) of the study to be achieved from fewer
animals, whilst ensuring that sufficient numbers of animals are used to satisfy good statistical design (Code,
Clauses 1.21–1.27). 17 The use of too few animals may lead to invalid or low-quality results and wastage of
animals, and the unnecessary use of animals in future studies that build on invalid results. The use of too
many animals is a potential unnecessary ethical cost to animals and waste of resources. Repetition of
experiments to provide assurance about the validity of the observed effect must be essential for the study’s
statistical design (Code, Clause 1.23).
Application of the principle of reduction also enables more information to be obtained from a given number of
animals so that fewer animals are used overall. However, reduction should not result in greater harm,
including pain and distress, to the animals used (Code, Clause 1.24).

Refinement
Application of the principle of refinement involves the use of methods that avoid or minimise potential harm,
including pain and distress, to the animals and enhance animal wellbeing (Code, Clauses 1.8–1.14 and
1.28–1.30). Animals with compromised wellbeing have disturbed behaviour, physiology and immunology that
can lead to unreliable conclusions and/or unwanted variation in scientific output, affecting the reliability and
reproducibility of studies. 18 Refinement applies to all aspects of the care and use of animals, including their
care and management as well as methods employed during their use.
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2. Literature review and 3Rs Survey
This section provides background information about the literature review and the 3Rs Survey conducted as
part of NHMRC’s 3Rs project.

Literature review
The aim of the literature review was to obtain background information about the uptake, acceptance and
implementation of the 3Rs in Australia and overseas, the enablers and barriers to implementing the 3Rs and
knowledge gaps about the 3Rs.
The scope of the literature review was linked to the scope of the Code a – in particular, the definitions of
animal and scientific purposes in the Code (see Key terms) – and was not limited to health and medical
research or NHMRC-funded research. Specific 3Rs techniques and methods used in individual studies were
beyond the scope of this review.
The literature review examined peer-reviewed publications from the period 2007–2017, supplemented with a
review of the ‘grey’ literature comprising the website content of Australian government agencies and
universities, the website content of several Australian and international organisations and an audit of animal
research ethics applications used in Australian universities. b
The University of Tasmania was commissioned to conduct the literature review on behalf of NHMRC.
The outcomes of the literature review were used to inform the design of the 3Rs Survey.

The 3Rs Survey
International surveys about the 3Rs have sought the views of researchers, AEC members, animal welfare
officers, and licensing authorities. 19,20,21,22,23,24,25,26,27 Both qualitative in-depth interviews and quantitative
survey methods have been used. There have been few international surveys of institutional representatives.
Australian surveys have targeted specific groups such as animal welfare officers 28 or focused on specific
aspects of the care and use of animals for scientific purposes (e.g. education and training 29).
To gain a broader insight into how the 3Rs are currently understood, considered and implemented in
Australia, the views and advice were sought from those directly involved:
• Investigators who were involved with the use of animals for scientific purposes in Australia sometime
during the last three years.
• Current members of Australian AECs.
• Australian institutional representatives – senior people within institutions who were responsible for overall
institutional governance with respect to the care and use of animals for scientific purposes.
The scope of the survey reflected the scope of the Codea and was not restricted to health and medical
research or NHMRC-funded research.
To ensure independence of the survey process and the anonymity of participants, ORIMA Research, an
independent market and social research company, was commissioned to conduct the survey on behalf of
NHMRC. The Australian Government Department of Health Human Research Ethics Committee approved
the survey, which was conducted between 5 March 2018 and 28 May 2018 using an online questionnaire.

a

The Code applies to the care and use of all live non-human vertebrates and cephalopods. The Code encompasses all aspects of the
care and use of animals when the aim is to acquire, develop or demonstrate knowledge or techniques in any area of science – for
example, medicine, biology, agriculture, veterinary and other animal sciences, industry and teaching. It includes the use of animals in
research, teaching associated with an educational outcome in science, field trials, product testing, diagnosis, the production of biological
products and environmental studies.

b

The content of relevant websites and animal ethics application forms may have changed since the completion of the literature review in
August 2017.
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The survey content and design were informed by peer-reviewed literature, international examples and
relevant requirements in the Code. Further, the survey was designed to enable comparison of responses
between the different target groups where possible, and comparison of key survey results with data obtained
about other countries — in particular, data from surveys conducted in the United Kingdom in 200819,
Denmark in 201620 and Europe in 201121 where the major participants were researchers.
Because of privacy constraints, NHMRC managed the distribution of survey invitations to potential
participants. Senior staff in NHMRC-funded institutions and investigators named on NHMRC-funded projects
received invitations directly from NHMRC. Survey invitations were also provided to third parties (state and
territory government departments responsible for animal welfare in each Australian jurisdiction and staff of
Research Administration Offices in NHMRC-funded institutions) for onward distribution to further members of
the target groups.
The 3Rs Survey Report is available from NHMRC’s website. 30
Comment about interpretation
Interpretation of the results from the 3Rs Survey, and comparison with data obtained about other countries,
must take into account:
• the inevitable changes in views and practices since the time each survey was conducted (Australia 2018,
Denmark 2015, UK 2008), and
• the differences in the target groups in each survey and the respondents’ fields of animal use.
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3. Unrecognised innovations in the 3Rs
Background
In Australia, there may be more innovations in the replacement, reduction and refinement of animal use than
are actually visible. This position has also been identified in the UK and the Netherlands. 31,32 Unrecognised
3R development and implementation can occur in situations where the primary purpose of the study was not
the development of a 3R method or technique. For example:
• Within projects where changes are made to in vitro models, in animal models or in production processes
that, directly or indirectly, lead to a reduction or refinement of laboratory animal use.
• Projects where the primary aim is not the development of a 3Rs method or technique, but may indirectly
lead to the development of methods that replace, reduce or refine the use of animals.
• Projects where the use of animals was required to achieve the stated aim, but are now conducted without
using animals in all or part of the study.
If this ‘incidental’ 3Rs development and implementation is not recognised and/or is not cited as such in the
publications arising from the studies, this information is difficult to find.
Innovations in the 3Rs can also be unrecognised in situations where information is not published; for
example:
• 3R research where the outcome is valid results that are either negative or neutral in nature
• competitive research involving commercial confidentiality and intellectual property.
It should be noted that, in Australia, AEC approval is required before the use of animals for scientific
purposes may commence. In addition, information about the use of animals is provided in reports to AECs
and to state and territory governments. These reports may contain information about the implementation of
the 3Rs in AEC approved projects. For new projects where animal use has been replaced with non-animal
alternatives, investigators are not required to obtain AEC approval for the work or report about animals that
they have never planned to use. The AEC approval and animal use reporting systems are therefore not
useful for the identification of situations where the use of animals has been replaced.

Examples
There are many examples of projects conducted in Australia, including NHMRC-funded research, where the
outcomes contribute to the 3Rs, but may not be recognised as such. These include:
• Collaborative work between laboratory-based researchers and mathematical modellers where computer
simulation is leading to improvements in the design of studies using animals, so that the minimum
numbers of animals are used to produce useful high-quality data. 33,34 NHMRC funding has contributed to
this work.
• The development of organoids — miniature organs derived from human cells and grown in culture dishes
— that allow studies outside a human or animal and replace the use of animals. 35 Their use includes the
investigation of biological processes such as cell behaviour, tissue repair and response to drugs or
mutations; organ function; modelling of diseases such as epilepsy, autism, Alzheimer’s disease and
Parkinson’s disease and a range of cancers; gene editing; and transplantation.
Specific examples of organoids developed in Australia to replace the use of animals:
– Kidney organoids that represent powerful models of the human organ for applications including
nephrotoxicity screening, disease modelling and as a source of cells for therapy. 36,37,38 This work was
funded by NHMRC.
– Models of human heart tissue that enable the study of cardiac biology and diseases ‘in a dish’. The
viable, functioning human heart muscle allows researchers to model disease, screen new drugs and
investigate heart repair following injury without the use of animals. 39,40 NHMRC funding has
contributed to this work.
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– The development of a ‘brain in a box’ — a 3D network of connected neurons made from a patient’s
cells — that will be used to test medications for brain disorders so the most suitable drug and dose
can be found. In addition to the 3D scaffold of neurons, the design includes electrodes that will
stimulate artificial seizures in the ‘brains’ and record electrical activity to test if drugs are effective. 41
NHMRC funding has contributed to this work.
• The use of cancer tumours sourced from humans and grown in a gelatin sponge platform in the
laboratory instead of in mice to investigate new cancer therapies. 42 NHMRC funding has contributed to
this work.
• The use of a newly developed assay to assess a large cohort of over 20 different HIV-1 poxvirus
vaccination strategies in mice, with a marked reduction (>100-fold) in the number of animals used. 43 This
work was funded by NHMRC.
• Establishment of a more efficient and effective method to characterise anti-tumour immunity when
assessing cancer immunotherapies in mouse models, which also resulted in a significant reduction of
mice used. 44
• Use of dogs with naturally occurring cancer similar to humans for trials of cancer treatments prior to
human clinical trials. This replaces the induction of the disease in a rodent model for pre-clinical testing of
cancer treatments prior to human clinical trials. 45 This work was funded by NHMRC.
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4. The 3Rs in Australia – Current practices, strengths
and opportunities
This section presents an overview of the implementation of the 3Rs in Australia and views about key
enablers and barriers to their implementation, drawing primarily on the findings from the 3Rs Survey.30 Areas
of strength as well as potential opportunities for improvement are identified for consideration by the sector.

Information in this section does not represent recommended actions that will be taken by NHMRC as
implementation of the 3Rs in Australia is the responsibility of the sector as a whole. Many areas for
potential improvements identified in this paper are not within NHMRC’s remit under the NHMRC Act.

Current practices
Literature review
The literature review highlighted the paucity of peer-reviewed publications during the period 2007–2017
about the acceptance, uptake and/or implementation of the 3Rs in Australia.
Internationally, the majority of articles in the peer-reviewed literature published in the period 2007–2017
addressed the topic of replacement. The review highlighted the breadth of information available about 3Rs
implementation in toxicity testing and product development. The results also indicated that the uptake of the
3Rs varies across countries and according to the regulatory and legislative environment in which the
research is conducted.
The outcome from the review of the ‘grey’ literature was current at the time of its completion in August 2017,
and the content of relevant websites and animal ethics application forms may have since been updated.
However, the following key findings may still be indicative of the current situation and trends.
• The 3Rs are referenced on 37% of Australian university websites.
• There are no Australian universities with a publicly available 3Rs strategy.
• The 3Rs are referenced in 54% of university research/ animal research policies.
• Most jurisdictions (75%) referred to the 3Rs in guidance provided for AECs.
• 78% of AEC application forms used in Australian universities include explicit reference to all the 3Rs.
Although, these findings suggest that the 3Rs may not have been fully implemented and adopted in
Australia, they do not provide a detailed insight into the extent to which Australian investigators, AEC
members and institutional representatives understand, consider and/or support and implement the 3Rs.
3Rs Survey
The 3Rs Survey Report30 provides details about the 3Rs in Australia in the following areas:
• knowledge and understanding of the 3Rs
• attitudes about the 3Rs
• enablers and barriers to the implementation of the 3Rs
• 3Rs in practice including when and how the 3Rs are considered and the role they play, deciding about the
number of animals used, pilot studies and institutional support for the 3Rs
• information access including sources of information and problems encountered
• education and training about the 3Rs including the nature, frequency and effectiveness of training and
participation in training, and
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• communication about the 3Rs including dissemination of information by investigators and promotion of
the 3Rs by institutions.
The 3Rs Survey response rate and the respondent profiles suggest that the results provide insights about
views and practices across the breadth of animal use in Australia.

Knowledge and understanding
Lack of awareness and insufficient 3Rs knowledge and expertise were identified in peer-reviewed literature
as a barrier to 3Rs implementation.
The 3Rs Survey demonstrated that investigators and AEC members in Australia appear to have a longstanding awareness of the 3Rs.
The 3Rs Survey assessed factual understanding of the 3Rs amongst investigators and AEC members by
presenting respondents with a set of definitions for replacement, reduction, and refinement. These definitions
included correct statements as well as some common misconceptions. To allow for comparison with
international datasets, the descriptions were consistent with those used in comparable surveys in the UK and
Denmark. Respondents were asked to identify all of the definitions that aligned with their understanding of
each of the 3Rs.
Factual understanding of the 3Rs appears to be strongest in the area of replacement, with misconceptions
most common in the area of refinement. The results for investigators were generally consistent with those
from comparable surveys in the UK and in Denmark (see Figure 1). AEC members tended to demonstrate a
stronger understanding of the 3Rs compared to investigators, particularly about refinement. Nevertheless, a
substantial number of investigators (similar to comparable countries) and AEC members selected incorrect
definitions of reduction and refinement.
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Figure 1.

Selection of definitions for the 3Rs (%) by investigators in Australia, UK and Denmark
and AEC members in Australia.
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Figure 2 shows the proportion of investigators and AEC members in Australia who selected only one or
more of the correct definitions of each of the 3Rs and did not select any of the statements that represented a
misconception.
Figure 2.

Proportion of investigators and AEC members in Australia selecting one or more of the
correct definitions ONLY (%)
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Areas of poor understanding
Key areas of poor understanding amongst investigators and AEC members in Australia, reflected by the low
proportion selecting the relevant correct definition, are outlined in Table 1.
Table 1.

Key areas of poor understanding

Area

Definition

% selecting this definition in Australia

Reduction

Reducing the number of animals used per
experiment

59% of investigators (which is relatively low
when compared to 79% of investigators in
the UK and 78% of investigators in
Denmark).

Reduction

Obtaining more information from an
experiment while using the same number of
animals

43% of investigators and 45% of AEC
members.

Refinement

Improving the conditions in which animals
are kept

43% of investigators

Of the two correct definitions of Replacement, Replacing vertebrates with invertebrates was selected by only
13% of investigators and 26% of AEC members in Australia which may reflect a low awareness and/or the
use of invertebrate models such as insects in Australia.
The majority of investigators participating in the 3Rs Survey reported using mice (69%) and rats (28%)
with 17% reporting the use of livestock, 3%–7% reporting the use of other vertebrate species identified
in the survey, none reporting the use of cephalopods, and 4% reporting the use of ‘other species’.
Comparison of this result with those from comparable international surveys should also be interpreted in light
of the definition of ‘animal’ in relevant legislation at the time of the surveys. For example, cephalopods are
covered under the definition of animal in the Code. At the time of the UK Survey in 2008, the UK Animals
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(Scientific Procedures) Act 1986 did not cover the use cephalopods. c At the time of the Danish survey in
2016, the Danish Order of the Animal Testing Act 2013 covered the use of cephalopods. d

Attitudes
The findings from the literature review indicated that acceptance of the 3Rs in research is generally
improving. Acceptance is influenced by social and cultural factors, the type of animal involved in the study
and individual attitudes.
The 3Rs Survey indicated that most investigators and AEC members agreed that 3Rs methods are
recognised throughout the Australian scientific community.
The survey results demonstrated some differences in attitudes between investigators involved in different
fields and at different levels of experience, and between investigators and AEC members. Interestingly, the
attitudes amongst investigators in Australia about aspects of the use of animals were generally comparable
to those amongst investigators in the UK and/or Denmark (see Figures 3 and 4).
Figure 3.

Agreement levels (%) with statements about the 3Rs by investigators in Australia and
Denmark, and AEC members in Australia.
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Figure 4.

Disagreement levels (%) with statements about the 3Rs by investigators in Australia, UK
and Denmark, and AEC members in Australia.
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Enablers and barriers
Literature review
The literature review identified 11 enablers and supports for the uptake and implementation of the 3Rs. In
the main, barriers to the implementation of the 3Rs identified in the literature review were the converse of the
enablers:
1. Legislation and regulation
2. Guidelines and standards
3. Education and training
4. Leadership and governance
5. Improved reporting of experiments in publications
6. Databases and information sharing
7. Ethics committee processes
8. Industry involvement and collaboration
9. Research support
10. Policies and frameworks
11. Workforce roles.
There were few peer-reviewed articles about enablers and barriers to the implementation of the 3Rs in
Australia.
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3Rs Survey
The results from the 3Rs Survey highlighted the views of investigators, AEC members and institutional
representatives about factors that promote or hinder the implementation of the 3Rs in Australia. Full details
are provided in the 3Rs Survey Report.30 The report also highlights differences in the factors reported by the
different participants groups and the influences of the profile of the participants – in particular, the type of
activity they were involved in where animals were used.
Enablers and supports
Key factors identified as enablers of the implementation of the 3Rs are summarised in Table 2.
Table 2.

Key enablers

Replacement
• Greater availability of human
tissues
• Increased funding to develop
replacement options
• Technical advances in tissue
engineering
• Help to identify replacement
techniques

Reduction
• Statistical evidence that fewer
animals would provide the
required research results
• Increased sharing of data or
collaboration between research
groups
• Increased sharing of data or
collaboration between
institutions

• More predictive computer
models

Refinement
• Help to identify refinement
methods
• Increased sharing of
information between research
groups
• Increased sharing of
information between institutions
• Greater willingness among
investigators to change their
methods

Additional key points highlighted in the survey results include:
• Investigators and AEC members identified the AEC review process as the top driving factor for using 3R
methods. Personal ethos was another key driving factor for investigators, while AEC members felt that
legislation was a key driving factor for the use of the 3Rs.
• The strategy that investigators and AEC members felt would most effectively support and facilitate the
implementation of the 3Rs was education and training focused on the 3Rs. Strategies and initiatives
perceived to be the least effective were financial support and public recognition of the implementation and
use of the 3Rs.
• Just over a third of investigators felt that nothing would enable them to achieve their objectives without
using animals, as their work demands that they look at the whole animal system.
• While about half of AEC members identified greater willingness amongst investigators to change their
methods as an enabler for refinement, most investigators (60%) disagreed with the statement that they
were ‘reluctant to change the way they work because of need for comparability with earlier findings’.
Barriers
All participant groups identified the lack of appropriate scientific or technological innovation as the primary
barrier to implementation of the 3Rs. Other key barriers included comparability of data (identified by
investigators) and insufficient funding available (identified by institutional representatives). A significant
difference was observed in the perceived level of importance of the pressure of time or other duties for
investigators as a barrier to implementation of the 3Rs, with this factor reported as a barrier by only a small
number of investigators compared to a relatively higher number of AEC members and institutional
representatives.
Of note, approximately one-third of investigators and institutional representatives reported that there were no
barriers to implementing the 3Rs.
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Areas of strength
The implementation of the 3Rs appears to be strongest in the following areas:
• Awareness and knowledge of the 3Rs amongst investigators and AEC members – for investigators, at
levels comparable to other countries.
• Consideration of the 3Rs by investigators during the design, conduct and review of animal care and use.
Given the role of the 3Rs in ensuring high-quality animal-based studies, the finding that 90% of
investigators reported that they consider the 3Rs when designing an experiment is extremely positive.
• Use of power calculations by investigators when generally deciding on the number of animals to use.
• Reported development of original 3Rs techniques by investigators during the five years prior to the
conduct of the survey.
• The animal ethics committee review process as a key driving factor for using 3R methods, along with the
personal ethos of investigators.
• Consideration of the 3Rs by AEC members when reviewing an application.
• Access to education and training about the 3Rs provided by institutions, including induction and refresher
training.
• Communication about the 3Rs by investigators during work meetings.

Potential opportunities
The following information about potential opportunities for improvement are provided for consideration by the
sector. This information does not represent recommended actions that will be taken by NHMRC as
implementation of the 3Rs in Australia is the responsibility of the sector as a whole. Many areas for potential
improvements identified in this paper are not within NHMRC’s remit under the NHMRC Act.
• Provision of publicly available information by institutions about their policies and strategies about the 3Rs.
• Promotion and championing of the 3Rs by institutions.
• Effective education, training and information access to increase awareness, knowledge and expertise
about the 3Rs amongst investigators and AEC members.
The Code includes mandatory requirements related to competency (Clause 1.29). The term ‘competent’
is also defined in the Code. e Given that the governing principles in the Code require the application of the
3Rs at all stages of animal care and use, and the role played by the 3Rs in ensuring high quality animalbased studies, ensuring that people are competent in the application of the 3Rs, supported by institutional
education and training about the 3Rs, may be reasonable.
• Access to information about the availability of current, and the development of new, 3Rs methods and
techniques. Examples include improved availability of information resources and search tools, and
promotion of resources and information provided by international 3Rs centres (see Section 5). The need
for a 3Rs centre in Australia was not explored in the survey. However, science is an international activity
and the large body of international literature about the 3Rs may be readily applicable to the Australian
environment. Tools for the dissemination of ideas and new knowledge, and access to information, are
rapidly advancing. Those involved with the care and use of animals for scientific purposes should be
supported and encouraged to find and make use of new 3Rs knowledge and approaches developed by
the international community, including that promulgated by 3Rs centres in other countries.
• Institutional assistance to investigators to identify relevant 3R methods and techniques at all stages of
animal care and use, in particular, during the design of studies.
• Where appropriate, use of pilot studies to test a hypothesis, a model or a method before the larger scale
study is planned and performed. It should be noted that the use of pilot studies is not relevant to every
field where animals are used.

e

Competent: the consistent application of knowledge and skill to the standard of performance required regarding the care and use of
animals. It embodies the ability to transfer and apply knowledge and skill to new situations and environments.
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• Availability of expert advice from a statistician for investigators and AEC members about the statistical
design of a study or the optimal number of animals to be used.
• Discussion about the use of non-animal alternatives and choice of animal species during consideration of
an application by AEC members.
• Reporting and dissemination of the development and use of 3Rs techniques and methods, including
publication of null or neutral results, compliance with reporting guidelines such as the ARRIVE
Guidelines 46, and the recognition of incidental development of 3R methods and techniques with use of
appropriate methods to identify these innovations in publications.

Potential opportunities for further action include:
• Use of the 3Rs Survey results as a baseline for measurement of change over time. Repeat and/or followup surveys may allow an evaluation of the effectiveness of any strategies implemented.
• Qualitative surveys or interviews may allow a more in-depth exploration of the views and practices about
the 3Rs to inform ongoing improvements.
• Survey focused specifically on those involved with the use of animals in teaching activities. The
international surveys used to inform the content of the 3Rs Survey focussed on the use of animals in
activities other than teaching. Some of the survey questions were therefore not suited for animal use in
teaching activities, such as in primary and secondary schools and undergraduate teaching. However,
those involved with the use of animals in teaching activities were encouraged to provide their views for
questions that applied to their situation. Nevertheless, further exploration of the views and practices of
this sector may be useful.
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5. International 3Rs Centres
The following are examples of some international 3Rs Centres that can be a source of information about
current, and the development of new, 3Rs methods and techniques.

Centre

Website

Canadian Council on Animal Care. Three Rs Microsite - Three
Rs Searches & Animal Index

https://3rs.ccac.ca/en/searches-andanimal-index/

Danish 3R-Centre

https://3rcenter.dk/

EU Reference Laboratory for alternatives to animal testing
(EURL ECVAM)

https://ec.europa.eu/jrc/en/eurl/ecvam

German Centre for the Documentation and Evaluation of
Alternative Methods to Animal Experiments (ZEBET)

https://www.bfr.bund.de/en/zebet58194.html

Interagency Coordinating Committee on the Validation of
Alternative Methods (ICCVAM)

https://ntp.niehs.nih.gov/pubhealth/eva
latm/iccvam/index.html

Johns Hopkins University Center for Alternatives to Animal
Testing (CAAT)

http://caat.jhsph.edu/

National Centre for the Replacement Refinement and Reduction
of Animals in Research (NC3Rs) (UK)

https://www.nc3rs.org.uk/

Norwegian Consensus-Platform for Alternatives (NORECOPA)

https://norecopa.no/
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6. Process report and acknowledgements
The 3Rs Project and the development of the Information Paper: Implementation of the 3Rs in Australia
(Information Paper) was overseen by NHMRC’s Animal Welfare Committee (AWC). The AWC is established
as a working committee under Section 39 of the National Health and Medical Research Council Act 1992
(NHMRC Act) to advise NHMRC on issues pertaining to the conduct and ethics of using animals in
biomedical research.
The draft Information Paper developed by the AWC was considered and supported by NHMRC’s Research
Committee on 27 June 2019 and Council of NHMRC on 12-13 June and 1 August 2019. Council advised
NHMRC’s CEO to release the Information Paper.

Animal Welfare Committee
Member

Expertise

Professor Edna Hardeman

Chair
Person with expertise in the use of animals for health and medical
research

Dr Simon Bain

Person with expertise in veterinary science and the care and use of
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Person with expertise in the use of animals for health and medical
research

Ms Anna Hall

Person with experience in furthering the welfare of animals

Dr Mark Lawrie

Person with expertise in veterinary science and the care and use of
animals for scientific purposes

Ms Robin Matthews

Person with an understanding of community attitudes to the care and
use of animals for scientific purposes

Dr Carole Webb

Person with experience in furthering the welfare of animals
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