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Abstract

The implementation of the 3Rs (replacement, reduction and refinement) is emphasized in EU Directive 2010/63. The task
of the animal welfare bodies (AWB) is to strengthen animal welfare and develop the 3Rs at research animal facilities.
In 2016, we surveyed the knowledge on, attitudes towards and implementation of the 3Rs within AWBs at eight major
Swedish universities. Based on responses of 34 closed-ended questions from 44 of 90 AWB members, the overall
attitude towards the 3Rs was positive. AWB members did not believe that the 3Rs slow down innovation or result in
increased costs, and refinement was considered beneficial for research quality. AWB members were particularly positive
towards refinement questions in the survey. A majority of the AWB members predicted that alternative methods will never
replace animal use. Researchers as a group represented in the AWBs were significantly less positive towards the 3Rs
compared to the group of veterinarians. The tasks of the AWBs, e.g., giving advice on the 3Rs and following up on animal
use in projects, were often not carried out in the AWB or not known by the respondents. Our results indicate a need for
more practical and regulatory guidance and support to the AWBs. To reach the goal of the EU Directive to phase out
animal use in research and education, we suggest that technical expertise in replacement techniques is included in the
AWBs. We emphasize the need to strengthen the awareness of the 3Rs among researchers at Swedish universities.

1 Introduction
The implementation of the 3Rs (replace, reduce, refine) in practice is emphasized in European Union (EU) Directive 2010/63
on the protection of animals used for scientific purposes, which
states the clear intention to strive towards replacement of animal use in research (EU, 2010). Directive 2010/63 was implemented into Swedish legislation in 2013, and, consequently,
setting up local animal welfare bodies (AWBs) is mandatory
for breeders, suppliers and users of research animals. According to the Directive, an AWB within a research animal facility
“shall, as a minimum, carry out the following tasks: (a) advise
the staff dealing with animals on matters related to the welfare
of animals, in relation to their acquisition, accommodation,
care and use; (b) advise the staff on the application of the re-
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quirement of replacement, reduction and refinement, and keep
it informed of technical and scientific developments concerning
the application of that requirement; (c) establish and review internal operational processes as regards monitoring, reporting
and follow-up in relation to the welfare of animals housed or
used in the establishment; (d) follow the development and outcome of projects, taking into account the effect on the animals
used, and identify and advise as regards elements that further
contribute to replacement, reduction and refinement; and (e)
advise on rehoming schemes, including the appropriate socialisation of the animals to be rehomed”. The animal welfare body
“shall include at least the person or persons responsible for
the welfare and care of the animals, and in the case of a user,
a scientific member”, and also receive input from a designated veterinarian or another suitably qualified expert (EU, 2010).
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In a review by the European Commission regarding the implementation of Directive 2010/63 into national legislation, users
and other stakeholders considered the AWBs a positive and effective requirement that is contributing to increased awareness
of the 3Rs, improving animal use, and promoting a culture of
care. However, in some member states, the role of the AWBs
is unclear in relation to the primary evaluation of projects, and
some AWBs have not developed suitable information strategies
for alternatives (EU, 2017).
The 3Rs were originally developed to replace the use of animals in scientific procedures, limit the number of animals used,
and improve laboratory animal welfare (Russell and Burch,
1959; Executive Committee of the Congress, 2009). Over the
years, the 3Rs have been adapted to research in different areas,
such as biomedicine, toxicology, agriculture and wildlife/ecosystems to guide scientists on the ethical use of animals in research, testing, and education (Norecopa, 2012; Hubrecht, 2014;
Lindsjö et al., 2016). During 2016, a total of 350,664 research
animals (according to the definition in the EU Directive 2010/63)
were used in Sweden; 89% of these animals, i.e., traditional laboratory, farm and wild animals comprising different research areas
and sometimes education, were used at the eight Swedish universities included in this study (Ljung and Bornestaf, 2018).
To raise awareness, recognize possibilities, identify obstacles, and thus facilitate the implementation of the 3Rs, it is important to understand how the 3Rs are perceived among stakeholders in academia, regulatory bodies and industry. Nøhr et al.
(2016) found in a Danish survey that the interest in the 3Rs of
researchers in the private sector was generally higher compared
to that of researchers in the public sector. British, Dutch and
Danish surveys have shown that researchers involved in animal
experiments, animal care staff and animal welfare officers have
an overall good knowledge and a positive attitude towards the
3Rs (NC3Rs, 2008; Leenars et al., 2009; van Luijk et al., 2011;
Nøhr et al., 2016). In contrast, the overall attitude was found to
be less favorable in a Canadian survey of researchers (Fenwick
et al., 2011), and Knight et al. (2009) suggested that researchers
working with animals might be more prone to accept the use of
animals in experiments than other societal groups.
The incorporation of the 3Rs in animal ethics committees
(AECs) is an important part of the review of animal-use protocols. In a Canadian survey with AEC members, Schuppli and
Fraser (2005) found a lack of awareness of the 3Rs that could
impede complete application of the 3Rs. In contrast, Houde et al.
(2009) found that the knowledge of the 3Rs was good in a smaller survey of a Canadian Institutional Animal Care and Use Committee (IACUC). Researchers and other stakeholders found that
the availability, validation and implementation of the 3R strategies differ. In general, replacement is seen as the most difficult
strategy to implement or give advice on, whereas reduction and
refinement are perceived as easier to apply (Schiffelers et al.,
2007; NC3Rs, 2008; van Luijk et al., 2013; Franco et al., 2018)
and thus are more accepted strategies (Nøhr et al., 2016).

The aims of this study were to survey the knowledge of and the
attitude towards the 3Rs among members of AWBs at the eight
Swedish universities at which animals are used for scientific purposes and to identify similarities and differences between professional groups represented in the AWBs. We based our survey on
the following research questions:
– Do the AWBs implement Directive 2010/63?
– Are there differences in attitude towards replacement, reduction and refinement among the AWB members?
– Are there differences between professional groups represented
in the AWBs?
We hypothesized that the awareness and implementation of the
3Rs and the EU Directive 2010/63 differ between replacement,
reduction and refinement, and between the professional groups
represented in the AWBs. The results of the study identify challenges and opportunities for continued implementation of the
3Rs at Swedish universities, with bearing also on other countries,
especially within the EU.

2 Materials and methods
All eight Swedish universities at which animals are used in research or education were identified and included in this study.
A survey consisting of 34 questions was sent by e-mail to the
chairpersons of the AWBs for distribution to all 90 representatives of the 10 AWBs during 2016 (Appendix 11). Question items
were built on previous surveys done by the 3R centers in the UK
(NC3Rs, 2008) and Denmark (Nøhr et al., 2016) (QI). Some
questions were identical or similar, but the answer alternatives
were not always consistent between the surveys, e.g., scaled answers vs. direct proportion. Furthermore, the items did not include all, or completely identical, answer alternatives. This however still enabled comparison with the data on the knowledge and
attitude towards the 3Rs of British researchers and animal care
staff and of Danish researchers.
The definitions of the 3Rs were originally proposed by Russell
and Burch (1959), and similar definitions were used by NC3Rs
(2008) and Nøhr et al. (2016). Possible misconceptions of the 3R
definitions were also included by NC3Rs (2008) and Nøhr et al.
(2016). We added questions about refinement to identify differences in attitude and implementation of the different Rs (QII).
We also added questions about education, because animals used
in education are included in the definition of research animals
(QII). Finally, two sections were included to further understand
the implementation of Directive 2010/63 in the AWBs (QIII) and
what key factors may increase the implementation of the 3Rs at
the universities (QIV).
Before distribution, the survey was tested and commented
on by three persons with research animal background. The survey, available in a Swedish and an English version, consisted of
29 quantitative questions with multiple choice, single checkbox or scaled answers (0, don’t know; 1, strongly disagree; 2,
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disagree; 3, neither disagree/agree; 4, agree; 5, strongly agree).
The survey focused on four areas: I) understanding of and attitudes to the 3Rs (QI.1-5), II) implementation of the 3Rs (QII.
1-10), III) implementation of EU Directive 2010/63 (QIII.1-8),
and IV) key factors for successful implementation of the 3Rs at
the university (QIV.1-6). The questions were closed-ended with
possibilities to leave comments for some of the answers. The survey also included five demographic questions.
We defined the following six professional groups in the AWBs:
persons responsible for animal welfare; researchers; veterinarians
or other experts (termed veterinarians in this manuscript); animal
technicians; ethologists; a group of miscellaneous professions.
Despite a rather high response rate, the total number of respondents was too low to enable comparisons between universities or
between age groups. We therefore only compared among the different Rs and among the professional groups represented in the
AWBs. The results of the survey were evaluated using descriptive analysis (proportions, mean values). The analysis was based
on answers from 44 respondents (41 in Swedish and three in English), except for questions where mean values were calculated,
in which case the respondents who answered “don’t know” were
excluded.
In order to analyze differences between the professional groups
in the AWBs (veterinarians, animal technicians, researchers, persons responsible for animal welfare, ethologists and others), two
statistical analyses were performed; ordinal logistic methods and
factor analyses. Calculations included all professional groups, but
results from the group of ethologists (only one participant in the
study) and from the group of miscellaneous professions (only four
participants in the study) were excluded. Most of the questions were
of Likert type with 5 categories, from 1 (strongly disagree) to 5
(strongly agree). Thus, the measurement scale is ordinal. Therefore,
we analyzed them using ordinal logistic methods (see e.g., Olsson,
2002); all variables with numeric responses were analyzed.
The Glimmix procedure of the SAS (2017) package was used.
The models were specified using a multinomial distribution and
a cumulative logit link function. All questions of relevant type
were analyzed using a custom-written SAS macro, and questions with non-numeric variables were excluded. This resulted in 140 analyses. Statistical significance was assigned when
p < 0.05. Since so many analyses were made, there was a considerable risk of mass significance. This means that out of 100
statistical tests we could expect 5 to show significance at the 5%
level, even if no real differences exist. Still, we have chosen to
present the significant results, but we ask the reader to keep the
risk of mass significance in mind. In an attempt to summarize the
large number of variables into a smaller number of factors, a few
factor analyses (see e.g., Morrison, 1976) were made. Since the
variables are ordinal, the analyses were performed using polychoric correlations (Olsson, 1979) calculated using the Corr procedure in SAS (2017). Thereafter, the factor procedure of the
SAS (2017) package was used for the factor analyses. The factors were Varimax-rotated to facilitate interpretation. Questions
with a 5-graded response rating from strongly disagree to strongly agree (QI.4-5, QII.3-5, QIII.4-5, QIV.4-5) were included in the
factor analyses.
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Before performing the analyses, all variables were categorized
as replacement-, reduction- and refinement-related responses
or as a more general response including all 3Rs. In addition, all
questions were divided into positive and negative attitude to the
3Rs. In total, 75 questions were analyzed. The majority of the
questions were refinement-related (38); the rest were distributed
between replacement (13), reduction (11) and general 3R (13).
Fifteen questions were categorized as negative effects of the 3Rs,
54 questions as positive effects, and six questions were regarded
as neutral before analyses (Appendix 21).
For each factor, differences between professional groups
in the AWBs were tested using ANOVA. Follow-up analyses,
i.e., pairwise comparisons, were adjusted for multiplicity using
Tukey-Kramer’s method. Statistical significance was assigned
when p < 0.05. The assumptions were checked by preparing diagnostic plots; no apparent deviations from normality or homoscedasticity were detected.
The participants’ privacy and anonymity were fully protected
in this project.

3 Results
In total, 44 members of the AWBs, i.e., 49%, responded to the
survey. The respondents included 14 persons responsible for animal welfare, nine researchers, ten veterinarians or other experts
(“veterinarians”), six animal technicians, one ethologist and four
persons in the group of miscellaneous professions. The size of
the AWBs differed between the universities, with a range from
3 to 14 AWB members. All eight universities were represented
among the respondents, although the response rate varied between the AWBs from 10% to 85%. The median age span among
the respondents was 50-59 (from 25 to over 65 years), and both
genders were represented (41% men and 59% women). Remarkably, for several questions, the proportion of the answer “I don’t
know” was high, e.g., regarding the implementation of the EU
Directive 2010/63, up to 43%.

3.1 Knowledge and attitudes towards the 3Rs
With some exceptions, the definitions of the 3Rs (Question [Q]
I.1-3) were well understood. 93% of the respondents correctly
recognized in vitro/in silico methods as replacement. Replacing
more sentient mammals with less sentient mammals is not replacement, which was correctly recognized by 86%. However,
only 27% of the respondents answered that replacement includes
replacing vertebrates with invertebrates, indicating a knowledge
gap regarding the definition of replacement according to the EU
Directive (Fig. 1A). The concept of reduction was also well understood by the respondents. 98% answered that reduction is
consistent with obtaining comparable levels of information while
using fewer animals in an experiment, and 61% recognized that
obtaining more information from an experiment while using the
same number of animals fits the definition of reduction. 20% incorrectly suggested that reducing pain and suffering caused by
the research procedures is reduction (Fig. 1B). Improving experimental procedures to decrease the animals’ experience of pain
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Fig. 2: Usefulness of the 3Rs during different parts of the
research process according to AWB members
“The 3R principles are useful in the following research situations
and steps” (QI.4). Mean values and SEM of ranked results
(1-5, where 1 = strongly disagree, 2 = disagree, 3 = neither
disagree/agree, 4 = agree, 5 = strongly agree). N = 39-44 (Fig. 2A),
N = 43-44 (Fig. 2B). Respondents answering “I don’t know” were
excluded from the calculation and are presented as a percentage.

Fig. 1: AWB members’ understanding of 3R definitions
“Which of the following definitions fits your understanding
of (A) Replacement, (B) Reduction, and (C) Refinement?”
(QI.1-3). Responses (multiple choice, where several answers
are appropriate) presented as percentage. N = 44.

and suffering as well as improving the conditions in which animals are kept were well recognized as refinement (89% and 77%
of the respondents, respectively). At least half of the respondents
wrongly defined refinement as improving experiments so that
fewer animals are used or improving experiments to yield better
data (50 and 57%, respectively) (Fig. 1C).
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The usefulness of the 3Rs during different stages of the research process was reflected by the respondents’ answers (QI.4).
The respondents neither agreed nor disagreed that the 3Rs are
useful at the beginning of the process, when the research question and hypothesis are defined, or at the final stage, when the research results are reported and published (Fig. 2A). During the
stages in between, such as when optimizing study design, choosing appropriate experimental methods, planning of the experimental procedures (Fig. 2A), as well as handling animals and
considering animal housing and environment, deciding humane
endpoints and choosing euthanasia methods (Fig. 2B), they
agreed or strongly agreed that the 3Rs are applicable. Interestingly, 84-89% of the respondents agreed or strongly agreed that
the 3Rs are applicable in procedures involving animals per se,
i.e., housing and environment, training on handling, and when
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Fig. 3: AWB members’ attitude
towards replacement, reduction
and refinement regarding
scientific quality, costs
and innovation rate
“To what extent do you agree with
the following statements?” (QI.5).
Proportion of respondents answering
strongly agree, agree, neither disagree/
agree, disagree, strongly disagree,
I don’t know. N = 44 (x-axis).

handling the animals before, during and after the experiment
(Fig. 2B). In fact, none or only one of the respondents disagreed
or strongly disagreed that the 3Rs are applicable to the handling
and housing that relate to refinement. In line with that, in response to general questions (QI.5), the majority of the respondents agreed or strongly agreed that stressed animals yield less
valid results and disagreed/strongly disagreed that environmental enrichment may compromise results (Fig. 3). Furthermore,
in general, the respondents disagreed or strongly disagreed that
the 3Rs will be detrimental to research quality and in education
where animals are used (Fig. 3). Regarding replacement, a majority of the respondents agreed or strongly agreed that the use
of animals in research and education will never be completely replaced by alternative methods, and disagreed/strongly disagreed that computer simulation will represent whole animals
accurately one day (Fig. 3).

3.2 Implementation of the 3Rs
Refinement was the 3R aspect considered most pertinent in research and education at the respondents’ universities (36 and
23%, respectively), followed by reduction (11 and 9%), whereas none of the respondents pointed out replacement as the single most relevant aspect within research, and only 5% in educa-
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tion (QII.1-2). However, half of the respondents considered all
three Rs equally important in both research and education (48
and 50%, respectively).
The anticipated effects of the implementation of the 3Rs varied (QII.3-5). Most respondents agreed or strongly agreed that
refinement results in increased research quality, whereas the answers regarding reduction and replacement were more widely distributed, from strongly agree to strongly disagree (Fig. 4).
Few of the respondents agreed or strongly agreed that the 3Rs
will slow down innovation (Fig. 4). Less than one third of the
respondents agreed or strongly agreed that the 3Rs result in increased research costs (Fig. 4).
When asked what activities would enable the 3Rs at the university, 59% of the respondents answered that no activities
would enable replacement because researchers look at entire animal systems, whereas increased funding to develop alternatives
and help with identifying replacement techniques were suggested by 36 and 32%, respectively (QII.8). The most important activities to reduce the number of animals used at the university
were deemed to be increased sharing of data or collaboration between research groups (63%) and greater availability of funding for 3R-related research (59%) (QII.9). Several respondents
suggested different activities that would benefit refinement: de-
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Fig. 4: AWB members’ attitude
towards implementation of
3R strategies at their university
“To what extent do you agree with
the following statements?
Implementation of Replacement
(QII.3), Reduction (QII.4), Refinement
(QIII.5) strategies at your university
results in:” Proportion of respondents
answering strongly agree, agree,
neither disagree/agree, disagree,
strongly disagree, I don’t know.
N = 44 (x-axis).

velopment of best practices for housing and enrichment (73%),
greater willingness among researchers to change their research
methods, increased training of animal handling, increased funding for development of refinement methods, as well as increased
knowledge of ethology (59-64%) (QII.10). 16% and 32% of the
respondents suggested that requirements from scientific journals
would benefit replacement and refinement, respectively. 18% believed that the number of animals used would decrease if scientific journals were more willing to accept non-animal methods. A
minority of the respondents (9-20%) believed that legislative or
regulatory changes would benefit the 3R principles at the university. Regarding all 3Rs, 52% of the respondents agreed or strongly agreed that lack of financial support is an obstacle for the implementation of the 3Rs at the university (QII.6). In contrast, the
majority of the respondents disagreed or strongly disagreed that
legal demands are an obstacle (57%).

3.3 Implementation of the EU Directive 2010/63
This section included questions related to the designated tasks
of the AWBs according to Directive 2010/63 as described in the
Introduction. The AWBs stated that they do not usually give advice on the 3Rs to staff working with animals at the universities,
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and most seldom on replacement (QIII.1-3) (Fig. 5). The number of respondents that claimed that they did not know was very
high (32-43%). The answers to the question asking whether the
AWB keeps the staff informed of technical and scientific developments within the 3Rs were scattered; from strongly agree to
strongly disagree (QIII.4). A large proportion of respondents did
not know (20%). A smaller proportion of the respondents answered that the AWB follows the development and outcome of
projects and identifies and advises on elements that further contribute to the 3R strategies; for replacement 9%, for reduction
14% and for refinement 20% agreed or strongly agreed, and 20%
did not know (QIII.5). 41% percent of the respondents were positive, 25% negative and 34% did not know when asked if keeping
the AWB journals open for other research groups would increase
the use of the 3Rs (QIII.6).
86% of the respondents stated that the AWBs receive input on
animal welfare from designated veterinarians with expertise in
laboratory animal medicine, while 25% mentioned that input is
received from ethologists (QIII.7). The task of advising on rehoming animals is rarely performed (18%), and 18% did not
know if it is done (QIII.8). The answers to this question were
quite contradictory, because some respondents in the AWBs at
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awareness within the management (80%), among researchers
and animal technicians (86%), and the staff in general (72%) for
successful implementation of the 3Rs (QIV.3).

Fig. 5: Proportion of AWB members advising staff in research
projects at Swedish universities on 3R methods/strategies
“How often does your Animal Welfare Body (AWB) advise the staff
on in vitro/in silico methods as Replacement for animal use in
research?” (QIII.1, dark blue bars). “Does your AWB advise the
staff on strategies for Reduction of animal use in research (e.g.,
method developments, coordination with other research groups)?”
(QIII.2, medium blue bars). “Does your AWB advise the staff on
methods for Refinement (e.g., environmental enrichment, improved
handling and experimental techniques)?” (QIII.3, light blue bars).
Always: In 10 out of 10 projects, Sometimes: In one to nine out of
10 projects (pooled answers: in five to nine out of 10 projects,
in two to five out of 10 projects, in one out of 10 projects), Never:
in zero out of ten projects. Responses (multiple choice, where
one answer is most appropriate) presented as percentage. N = 44.

three universities stated that they give advice on rehoming, and
some stated that they do not rehome animals.

3.4 Key factors for successful implementation
of the 3Rs at the university
80 and 86% of respondents agreed or strongly agreed that 3R
awareness, education and training, and collaboration are important key factors for successful 3R development at the university. The proportions for organizational structure, management,
and research and validation were 72 and 77% (QIV.1). The AWB
members were then asked what would increase the awareness
of the 3Rs at the university (QIV.2). The respondents agreed or
strongly agreed that the university should implement the following: a 3R policy at the university (59%), a budget for 3R implementation (68%), the management should expect the staff to
have high standards with respect to animal welfare (72%) and
encourage the staff to test 3R ideas (66%), there should be mandatory 3R education for staff in addition to legislative requirements (68%) and 3R seminars held on a regular basis at the university (57%), and annual 3R goals set up by the management
(52%) to increase 3R awareness (QIV.2). A majority of the respondents agreed or strongly agreed on the importance of 3R
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3.5 Differences in attitude between the professional
groups in the AWB
The 3R attitude of the respondents was analyzed and compared
between the professional groups using ordinal logistic methods
and factor analyses. All variables with numeric responses were
analyzed for differences using ordinal logistic methods. Out of
140 tested variables, there were only two questions that showed a
significant difference between the professional groups.
The response to “Complete replacement of the use of animals
in research and testing will never be achieved” (QI.5b) differed
between the groups (p = 0.033, n = 44), where the vast majority of the researchers and persons responsible for animal welfare
strongly agreed or agreed (Fig. 6A). A smaller proportion of veterinarians agreed or strongly agreed and one veterinarian disagreed. A scattered response was seen among animal technicians,
which both agreed and disagreed.
Differences between the groups were also observed when asking if 3R research innovation, validation and implementation are
important key factors for successful 3R work at their university (QIV.1c) (p = 0.046, n = 44). Only three of nine researchers
agreed, while the majority of persons responsible for animal welfare and veterinarians strongly agreed (Fig. 6B). This pattern,
where the responses from the group of researchers seemed to differ from the other groups, was seen throughout the survey.
To further study this pattern, we performed factor analyses on
75 sub-questions (QI.4-5, QII.3-5, QIII.4-5, QIV.4-5). The analysis suggested that these questions can be summarized into three
factors, where the highest loading above the absolute value (i.e.,
irrespective of its sign) of 0.3 was included in factors 1, 2 and
3, respectively. Four variables were excluded because they were
less than the absolute value of 0.3, or due to less than 0.01 difference between factors. Together these factors explained 55%
of the variation between the groups (Appendix 21). The pattern
was rather clear: 34 of 36 sub-questions in the pre-determined
refinement category were included in Factor 1 and 2 (19 out of
34 questions in Factor 1, and 15 out of 17 questions in Factor 2).
Only two refinement questions were included in Factor 3, where
the other 18 sub-questions regarded replacement, reduction and
general 3Rs. Negative statements in the questions resulted in
negative coefficients, and positive statements resulted in positive
coefficients, as anticipated.
Data were analyzed to approximate each factor with the sum of
the variables that were included in it, including positive and negative variables. Differences between professional groups in the
AWBs were tested for each factor: Factor 1: p=0.018; Factor 2:
p=0.814; Factor 3: p=0.341. Interestingly, whereas differences
between professional groups were noted for Factor 1, pairwise
comparisons showed an evident difference between researchers
and veterinarians (adjusted p=0.031) (Tab. 1). This result indicates that differences between the two professional groups in the
AWBs were related to questions about all three Rs, but predominately refinement (the majority of the questions in Factor 1 were
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Fig. 6: Attitudes towards the 3Rs among different professional groups represented in the AWBs
(A) “Complete Replacement of the use of animals in research and testing will never be achieved” (QI.5b). Proportion (percentage of
individuals in each professional group) of all respondents answering strongly agree, agree, neither disagree/agree, disagree,
strongly disagree, I don’t know. N = 39 (Researchers = 9; Responsible for animal welfare = 14; Veterinarians = 10; Animal technicians = 6).
(B) “The following key factors are important for successful 3R work at your university: 3R research innovation, validation and
implementation” (QIV.1c). Proportion (percentage of individuals in each professional group) of all respondents answering strongly
agree, agree, neither disagree/agree, disagree, strongly disagree, I don’t know. N = 39 (Researchers = 9; Responsible for animal
welfare = 14; Veterinarians = 10; Animal technicians = 6).

Tab. 1: Differences between professional groups regarding their attitudes towards the 3Rs
Professional role
Professional group
		

Estimates of leastsquares means

Standard error

t-value

Adjusted p

Researcher

Responsible for
animal welfare

-12.7063

7.6443

-1.66

0.564

Researcher

Veterinarian

-26.2778

8.2208

-3.20

0.0310*

Researcher

Animal technician

-20.9444

9.4300

-2.22

0.252

Responsible for
animal welfare

Veterinarian

-13.5714

7.4080

-1.83

0.458

Responsible for
animal welfare

Animal technician

-8.2381

8.7304

-0.94

0.932

Veterinarian

Animal technician

5.3333

9.2394

0.58

0.992

Factor 1: Differences between professional groups based on estimates of least-squares means after adjustment with Tukey-Kramer (DF: 38).
34 questions with the highest loading above the absolute value (i.e., irrespective of its sign) of 0.3; *, adjusted p < 0.05.

refinement-related while the remaining questions were split between replacement, reduction and general 3R questions, see Appendix 21). Veterinarians were most positive towards the 3Rs according to the higher least-squares means including both positive and negative responses, and researchers were most negative.
Overall, our results indicate that researchers in the AWBs have a
more negative and less positive attitude towards the 3Rs.
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4 Discussion
Our survey provided a good picture of the understanding and implementation of the 3Rs in AWBs at all eight Swedish universities that use animals in research. We identified similarities and
differences in knowledge and attitude between replacement, reduction and refinement and between the professional groups rep-
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resented in the AWBs. The implementation of Directive 2010/63
was found to be inadequate in the AWBs in our survey three
years after it took effect.

4.1 AWBs did not fully implement Directive 2010/63
We found that the AWBs lack understanding of how to work
in accordance with Directive 2010/63. Tasks of implementing
3R-related activities emphasized in the Directive were often not
carried out in the AWBs or were unknown by a large proportion
of the AWB members. Remarkably, more than one third of the
AWB members did not know if they advise staff at the university in their research projects on methods or strategies for replacement, reduction and refinement. The European Commission has
published guidance and advice for AWBs on how to work according to the Directive (EU, 2014), but our data indicates a need
for more practical and regulatory guidance and support to the
AWBs on national and regional levels.
In a report on the implementation of the Directive in EU member states, in general, member states, users of animals and stakeholders viewed the introduction of the AWBs positively (EU,
2017). Although more than half of the users in the report stated that there are no obstacles in delivering the tasks of the AWB,
difficulties were identified, in particular concerning training, resources and insufficient authority. Despite half of the member
states having changed their rehoming policies, only a limited
number of animals are rehomed. In fact, there is little quantitative data on numbers, and there is no legal obligation for reporting numbers of rehomed animals (EU, 2017). This lack of organization and follow-up was observed also in our study.
According to the EU report, the introduction of AWBs increased
the awareness of refinement within establishments, while replacement did not get much attention in the report (EU, 2017). This is
in spite of the fact that the Directive states that full replacement
of animal use for scientific and educational purposes is the longterm objective and ultimate goal (EU, 2010). In our survey, the
lack of replacement activities is most pronounced when it comes
to advising staff at the university on methods or strategies for their
research projects. In fact, a large majority of the respondents answered that they either do not know or that advice on replacement
is never given. In a previous survey, Dutch animal welfare officers were least frequently advising on replacement to researchers
and most frequently on refinement (van Luijk et al., 2013). It may
be easier to gather and share animal welfare and handling guidelines and standards than to gather and give advice on replacement
methods for a specific research project. The required competence
within the AWBs is more directed towards in vivo research rather
than technical and scientific competence in replacement.
Few AWB members in our study followed the development
and outcome of projects further contributing to replacement, reduction and refinement according to the EU Directive. This may
have a significant impact on the use of the 3Rs at the universities, since follow-up and feedback are key factors for successful implementation of the 3Rs within an organization (Törnqvist
et al., 2014). However, according to the evaluation of Directive
2010/63, the role of AWBs needs to be clarified and not confused
with project evaluation in some member states (EU, 2017). This
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confusion also has been evident in Sweden since 2018, when
AWBs were assigned to make decisions about minor changes
in ethical permit decisions issued by Swedish ethical committees (Swedish Board of Agriculture, 2019). According to member states and users in the EU, the AWBs should have oversight
of the 3Rs within establishments, and the AWBs are expected to
advise projects within their establishments of relevant new developments, e.g., through individual communication, newsletters
and seminars. Dissemination strategies have, however, still not
been developed by all AWBs (EU, 2014, 2017).
The scope of Directive 2010/63 was expanded to include animal use in education (EU, 2010; Hartung, 2010). A majority of
Swedish AWB members did not think that animal use will be replaced in education. Nøhr et al. (2016) reported that a large majority of Danish researchers think the use of experimental animals
for teaching at universities is acceptable. Most of the researchers
participating in laboratory animal science (LAS) courses in Portugal approved of the use of animals at university level (biology, medicine and veterinary medicine), but a minority believed
it necessary at high school level (Franco and Olsson, 2014). Several AEC members at Canadian universities supported the use of
alternatives in teaching contrary to research (Schuppli and Fraser, 2005). Still, research animal users and stakeholders in the
EU member states believed that there is significant scope for replacing animals used in education, because many alternatives are
available but not well known (EU, 2017). Although undergraduate students may find the use of live animals in teaching ethically
acceptable and better than the alternatives (Hunt and Macaskill,
2017), other students, e.g., in veterinary programs, favor alternative teaching practices that do not make use of animals (Silva
et al., 2007; Whittaker and Anderson, 2013). In some European
countries, e.g., Italy, there is an obligation to inform university
students of their right to exercise their conscientious objection
to educational activities involving animals (Baldelli et al., 2017).

4.2 The knowledge of the 3Rs was generally
good in Swedish AWBs
The overall knowledge of the definitions of the 3Rs (Executive
Committee of the Congress, 2009) was good among the respondents, and most often similar to findings in surveys of British researchers and animal care staff (NC3Rs, 2008) and of Danish researchers (Nøhr et al., 2016). Houde et al. (2009) also found a
good overall understanding of the 3Rs in interviews with Canadian IACUC members, which the authors did not expect since the
3Rs were not particularly mentioned when ethical reviews were
performed. Franco and Olsson (2014) reported in their survey of
researchers about to participate in a LAS course that more than
half of the respondents were unaware of the 3Rs and only one of
five participants could correctly name the principles. However,
one year after the course, almost all respondents could still properly name the 3R principles.
Still, there is room for improvement. Several respondents in
our survey confused reduction with refinement; fewer animals
used and better data obtained as a result of improved experiments
is not refinement, and reducing pain and suffering does not fall
under reduction. Similar results were found by NC3Rs (2008)
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and Nøhr et al. (2016). Interviews of Canadian AEC members
revealed inconsistent interpretation of the 3Rs, but still basic understanding of replacement and reduction, while refinement appeared to be the least understood (Schuppli and Fraser, 2005).
For example, researchers still sometimes incorrectly think that
refinement is about the quality of scientific technique or experimental design (Hubrecht, 2014).
Like in the British and Danish studies, a small proportion of
the AWB members answered that replacing vertebrates with invertebrates is not within the scope of replacement, even though
invertebrates per definition are not defined as research animals
in Directive 2010/63. The definition of replacing is a philosophical question about life and may vary in time and context. In fact,
Russell and Burch (1959) divided replacement into absolute replacement, i.e., no animals are used (in vitro or in silico studies or in vivo studies on organisms not thought to be sentient,
e.g., bacteria nematodes, amoeba, nematodes and fish larvae) and
relative replacement, i.e., animals are used but without distress,
e.g., non-recovery experiments under terminal anesthesia or animal tissue cultures (Hubrecht, 2014). In wildlife research, the
use of species other than protected species (Lane and McDonald,
2010) or keystone species, which have a large impact on other species and ecosystems (Curzer et al., 2013), has sometimes
been referred to as replacement.

4.3 Attitudes differed between the 3Rs and
between professional groups
Interestingly, the professional groups represented in the AWB
differed in their attitude towards all 3Rs. For example, our data indicate differences in opinion regarding replacement. The
group of researchers did not believe that animal use in research
and testing one day will be replaced with alternative methods,
while most responding veterinarians seemed less negative. Purchase and Nedeva (2002) reported that a larger proportion of animal-using researchers than named veterinarians strongly believed that information from alternatives was not as valuable
as from animal experiments. Knight et al. (2009) found that researchers did not believe in the existence of alternatives to animals in medical research and showed the largest support for animal use in general compared to animal welfarists and laypersons,
especially for medical research. Students and potential future researchers in the Swedish toxicology MSc program at Karolinska Institutet have a strong focus on all three Rs in all courses
throughout their education. In contrast to AWB members, a majority of these students believed that animal use in research can
be completely replaced with alternatives (Törnqvist, unpublished
data). The difference between various groups may be explained
by differences in the degree of agreement with the existence of
alternatives to animals, belief in humans being superior to animals, and belief in animal cognition and sentience. Indeed, the
EU Directive clearly acknowledges the intrinsic value of animals
(EU, 2010). In comparison, Nøhr et al. (2016) described that researchers agreed that animals have certain rights but were still in
favor of using animals in experiments.
We also found in our study that the professional groups looked
differently upon 3R research innovation, validation and imple-
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mentation. Researchers in the AWBs seemed less inclined to
see the benefits of increased 3R research innovation, validation
and implementation as key factors for successful 3R-work at
their universities, while a larger proportion of other professional groups had a more positive attitude. Researchers may be less
aware of the 3Rs because they have built their careers on animal
models (Graham and Prescott, 2015).
Despite these differences between professional groups, the respondents in general most often agreed upon refinement questions in the survey, and often with a smaller proportion of “I don’t
know” responses compared with reduction and replacement, see
e.g., Figures 2 and 4. Refinement was clearly believed to have
a positive impact on research quality among the respondents
in our study. With time, the understanding of animal sentience
and cognition has increased, with implications for refinement.
The agreed re-definition of the 3Rs in Bologna 1999 (Executive
Committee of the Congress, 2009) refers to refinement strategies
as methods which alleviate or minimize potential pain, suffering
and distress, and which enhance animal well-being, further widening its role and relevance compared to the original definition
of refinement “…to reduce to an absolute minimum the amount
of distress imposed on those animals that are still used” (Russell
and Burch, 1959).
Interestingly, several respondents in our study did not know the
effect of replacement on research quality. Half of the responding
researchers in a British survey did not believe that data from alternatives was of equal value as animal experiments (Purchase
and Nedeva, 2002). This further emphasizes the need for AWBs
to increase the knowledge and application of replacement. This
pattern with more positive responses to refinement compared to
replacement was seen for attitude and implementation, see e.g.,
Figures 4 and 5, but knowledge did not seem to differ between
the 3Rs, see Figure 1.
A majority of the AWB members believed that alternative
methods will never replace animal use in research. This is in accordance with results from surveys of researchers, animal care
staff, and the public in other countries (NC3Rs, 2008; Fenwick
et al., 2011; Leaman et al., 2014; Nøhr et al., 2016; Franco et
al., 2018). The limited expectations on replacement may be explained by lack of replacement methods and technological solutions, a need for using the whole-body system, and studies where
animals themselves are subject of the research (Fenwick et al.,
2011; Nøhr et al., 2016). Users in EU member states indicated
that studies on some aspects of biology, e.g., conscience, vigilance states, reproduction and developmental biology, continue to need in vivo experimentation, and alternative methods for
these are unlikely to be available in the foreseeable future (EU,
2017). In addition, there are still legal requirements that support
in vivo testing, e.g., risk assessment of chemicals (EU, 2008).
A majority of AWB members did not believe that any activities
suggested in our survey, such as increased funding and support
to identify replacement techniques, would benefit replacement
at their university. Ditlevsen et al. (2018) found in interviews of
Danish researchers that replacement method development and
innovation was outside the competence and scope of Danish traditional in vivo researchers, and that time, resources, interdisci-
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plinary collaboration, and diligence would be a possible way forward to replace animal use. Attitudes to replacement may change
through education. Although researchers participating in LAS
courses believed in long-term dependency on animal use, the
proportion of respondents answering that animal use was invaluable for every relevant research project decreased one year after
learning about replacement (Franco and Olsson, 2014). Although
Franco et al. (2018) found that LAS courses seemed to increase
awareness of the 3Rs, these courses had, however, no measurable
effect on the low-level belief that non-animal methods can fully
replace animal experimentation.
Curzer et al. (2016), pointed out that from a moral perspective
the 3Rs are hierarchical; replacement should be considered before reduction, and refinement should be considered last. In our
survey, half of the AWB members stated that the 3Rs are equally relevant in research and education at their university, and a
smaller number of members believed that one of the 3R principles was the single relevant one. NC3Rs (2008) and Nøhr et al.
(2016) found that several respondents in their surveys ranked refinement and reduction over replacement. This was also found
in a survey of researchers participating in LAS courses held in
four European countries (Franco et al., 2018). The authors suggested that this ordering may conflict with the intention of the
EU Directive and the interest of the public and regulators. Indeed, replacement seems to be the hardest R to fully grasp and
embrace for researchers. Although several Canadian researchers
said that they are using the 3Rs as much as possible, they found
replacement difficult to implement, and less applicable than reduction and refinement (Fenwick et al., 2011). Researchers may
often see animal-free methods as complementary to animal research models, rather than as complete replacement (Knight et
al., 2009). Thus, traditional replacement strategies, i.e., in vitro
and in silico methods, result in reduction as well as replacement
(Törnqvist et al., 2014).

4.4 Organization, management and awareness
are key factors for successful 3R development
Factors such as organizational structure and management were
considered by the AWBs to be important factors for successful
implementation of the 3Rs. Graham and Prescott (2015) suggested that in a well-run animal facility, investigators, their scientific peers, the attending veterinarian and animal care staff should
adopt a team approach when working towards the 3Rs. Törnqvist
et al. (2014) showed that organizational culture and 3R awareness are crucial for successful implementation of the 3Rs in the
daily practices of researchers and animal care staff. In fact, Brønstad and Berg (2011) suggested that organizational culture is
more important than legal demands to achieve 3R improvements,
especially if legislation is perceived as ineffective. High expectations from the management in organizations stimulate staff to
act on and test 3R ideas. In addition, tools to facilitate the validation process from innovation to implementation should be provided, as suggested by Törnqvist et al. (2014) and Lindsjö et al.
(2016). Still, researchers believe that replacement is especially
difficult to develop and validate (NC3Rs, 2008; Fenwick et al.,
2011; Nøhr et al., 2016).
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AWB members identified 3R awareness as another important
factor for successful implementation of the 3Rs, and several activities to increase the awareness. Based on our findings in this
study, it is clear that increased 3R awareness is needed for all professional roles in animal use for scientific and educational purposes. A strong culture of care within the organization will increase
the 3R awareness. 3R visions and goals, education and training,
and recognition of good 3R examples may further increase awareness. Nevertheless, application of the 3Rs when planning and carrying out experiments should be part of a research organization’s
goal (Brønstad and Berg, 2011; Smith et al., 2018). To increase
3R awareness, 3R methods should be shared internally, e.g.,
through individual communications, newsletters and 3R seminars (EU, 2017) and published to enable sharing of information
and collaborations among users and different stakeholders (Brønstad and Berg, 2011). In addition, several respondents in this survey believed that keeping AWB journals open for other research
groups would increase 3R use. Brønstad and Berg (2011) encouraged researchers to include the 3Rs as key words in publications,
even when these principles were not the aims of the research.
AWBs play a crucial role in promoting 3R awareness because
they should ensure continuous application of the 3Rs in care
and use of animals within the establishment (EU, 2017). Users
in member states reported that the AWB has had a positive impact in improving the culture of care, e.g., by increasing staff
and improving staff quality by better training, improving communications between them, and improving 3R teamwork, thus
optimizing animal welfare and ensuring robust scientific output
(EU, 2017). If the AWBs are properly resourced and their decisions are supported by establishment management, they can deliver the requirements and aspirations of Directive 2010/63 (EU,
2017).

5 Conclusions and recommendations
The AWBs at Swedish universities were at the time of the survey often not fully familiar with the requirements of Directive
2010/63, and tasks required of them were rarely or incompletely performed. Several key areas were considered to be important
for implementation of the 3Rs at their universities. AWBs play an
important role to ensure and increase 3R awareness and implementation at Swedish universities, and there is much untapped
potential to achieve this.
The understanding of the 3Rs was generally good, and the
overall attitude towards the 3Rs was positive in AWBs at Swedish universities. AWB members did not believe that the 3Rs slow
down innovation or result in increased costs, and refinement was
considered beneficial for research quality. The respondents were
positive towards refinement questions regarding general attitude
and implementation of the EU Directive. A majority of the AWB
members believed that alternative methods will never replace animal use, i.e., that complete replacement is difficult to achieve.
Researchers as a group represented in the AWBs were the least
positive towards the 3Rs, while veterinarians were the most positive.
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Based on the present study and related publications in the area,
we suggest national support to AWBs regarding all required tasks
according to the EU Directive. To further strengthen the AWBs at
Swedish universities, local support from management and organization is essential, for example a local 3R policy, or a 3R agreement for researchers at the university to sign before performing
studies, annual goals and recognition of staff promoting the development of the 3Rs (3R awards), and educational activities to
strengthen 3R interest and knowledge among staff.
We suggest continued efforts to increase 3R awareness and interest in the research community with education and expectations
of increased 3R standards at the universities as well as external
whips and carrots, e.g., 3R rating and implications by research
funding agencies and scientific journals. To reach the goal of the
EU Directive to phase out the use of animals in research and education, special efforts should be made to increase the trust in
replacement strategies among researchers, funding agencies and
scientific publishers. To further enhance replacement strategies
at the universities, we suggest that technical expertise outside the
traditional biological sciences is included in the AWBs.
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