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Abstract

suggesting that it is considered a sensitive issue in Spain.

Laboratory rodent

Background: Replacement, reduction and refinement, the 3R principles, provide a framework to minimize the use
and suffering of animals in science. In this context, we aimed to determine the actual perception that individuals
working with laboratory rodents in biomedical research have on animal welfare and on their interaction with the
animals, as well as how they perceive its impact on their social relations. To this end, we designed an anonymous
on-line survey for people working with rodents, at three responsibility levels, in Spain.

Results: Of the 356 participants, 239 were women (67 %); 263 were researchers (74 %), and 93 animal facility staff (26 %), of
which 55 were caretakers/technicians (15 %), and 38 welfare officer/veterinarians (11 9%). Animal facility staff indicated
environmental enrichment to be a universal practice. About half of the participants reported that, in their opinion, animals
suffer “little to none” or “minor” stress and pain. Animal caretakers/technicians and researchers perceived higher levels of
stress and pain than welfare officers/veterinarians. Participants judged decapitation the most unpleasant method to kill
rodents, whereas anaesthetic overdose was the least one. A sizable proportion — 21 % of animal caretakers/technicians and
114 % of researchers - stated that they were never given the choice not to euthanize the rodents they work with. Overall,
women reported higher interactions with animals than men. Nevertheless, we could detect a significant correlation between
time spent with the animals and interaction scores. Notably, 80 % of animal facility staff and 92 % of researchers rarely talked
about their work with laboratory rodents with people outside their inner social circle.

Conclusions: Overall, the participants showed high awareness and sensitivity to rodent wellbeing; animal facility staff
reported a similar perception on welfare questions, independently of their category, while researchers, who spent less time
with the animals, showed less awareness and manifested lower human-animal interaction and less social support. Regarding
the perception on social acceptance of laboratory animal work, all groups were cautious and rarely talked about their job,
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Background

The Animal Welfare Committee established the five free-
doms as general indicators of animal welfare. These free-
doms refer to the fact that all animals must be kept free
from hunger and thirst, from discomfort, from pain, in-
jury or disease, free to express the natural behaviors of
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the species, and from fear or suffering [1]. Unfortunately,
scientific research directly affects each of them. That is
why one important challenge of biomedical research is
to try to reduce the tension between the potential bene-
fit of scientific results and the welfare of the animals
used. European (Directive 2010/63/UE) and Spanish leg-
islations (RD53/2013) are based on replacement, reduc-
tion and refinement (3Rs). These principles state that if
animals have to be used in experiments, researchers
should made every effort to replace them with non-
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sentient alternatives, to reduce them to a minimum, and
to refine experiments and housing conditions causing
the minimum pain or distress [2].

Research animals can experience distress due to poor
husbandry, handling techniques, ineffective euthanasia
methods, or as an unavoidable consequence of the pro-
cedure employed, for example, unrelieved pain in an ex-
periment designed to test the effectiveness of a pain-
killing drug [2, 3]. Efforts to refine and optimize the care
and use of animals in research have been ongoing for
many years and have led to general standardization of
rodent models, particularly with regard to animal hous-
ing, genetics, and health status. Concurrently, different
recommendations have been published with the intent
of promoting general animal wellbeing through the en-
richment of their home cage environment [4-7]. In the
same way, guides to laboratory rodent analgesia and
anesthesia are readily available [8]. Although it has been
reported that current scientific literature does not pro-
vide sufficient details on this regard [9], an increase in
the reported administration of analgesia and anesthesia
to laboratory rodents undergoing surgical procedures
was observed in the past decade [10, 11]. In line with
this, our previous work showed that researchers working
with laboratory rodents in Spain are fully aware of the
pain that a surgical procedure involves and that the use
of analgesia and inhalation anesthesia is a common prac-
tice in Spain [12].

The vast majority of people who work with laboratory ro-
dents must sometimes euthanize them for scientific or eth-
ical reasons. The optimal choice of euthanasia method
depends on a number of factors, including the scientific goals
of the study, the need to minimize animal pain and/or dis-
tress, applicable guidelines and laws, the training and profi-
ciency of personnel, and the safety and emotional needs of
the personnel performing the euthanasia [13]. Killing an ani-
mal is physicologically stressful to the person who performs
it [14] and people can develop euthanasia stress, a concept of
being aware and psychologically challenged when faced with
the task of euthanizing animals [15]. In Spain, two studies
have explored the unpleasantness of the killing methods for
rodents described in the Spanish legislation, and participants
in both surveys reported that drug overdose is the least un-
pleasant method [12, 16].

Currently, in many institutions a team of animal care-
takers, technicians, welfare officers and veterinarians (animal
facility staff) provide the husbandry and care of the labora-
tory animals. Therefore, it is not unusual that caretakers and
technicians assume responsibility for specific groups of ani-
mals, overseeing them for long periods of time and establish-
ing relationships with them. Researchers, on the other hand,
often interact with animals only when conducting a specific
procedure [17]. Human-animal interaction is important in
animal experimentation both for the welfare of the animal
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and for the outcome of the experiment, since it has been
shown that, for example, gentle handling facilitates behav-
ioral testing and good data collection, and improves animal
welfare [18, 19]. In the same way, the interaction with labora-
tory animals has an overwhelming impact on the emotional
health of the staff. This emotional impact is exacerbated by
the responsibilities of working with other sentient beings and
determining how best to ensure their wellbeing, particularly
following interventions that cause a certain degree of harm
or distress [20]. A recent study showed that the professional
quality of life of laboratory animal personnel is associated
with animal stress/pain, enrichment diversity/frequency, eu-
thanasia method and control, and social support [21].

Public opinion on the use of laboratory animals depends
on a myriad of biological and sociocultural factors, ranging
from people’s gender and age to their own experiences and
values [22]. An European Commission survey showed that,
nowadays, European citizens reckon that non-human animal
welfare is an issue of great importance [23]. Nevertheless, the
level of concern varies among European countries, and also
differs for animal species and their intended use. For ex-
ample, people may agree to the use of animals in biomedical
research, while being reluctant to use them for developing
secondary products, such as cosmetics and furs [24]. In the
same way, two out of three (66 %) Europeans considered that
experimentation using mice is acceptable if it leads to an im-
provement in human health and wellbeing [25]. However, a
part of society opposes any use of animals based on the state-
ment that treating animals differently simply because they
belong to a different species is discrimination (speciesism)
[26] and a new framework based on principles of justice and
compassion has been proposed [27].

In this study we aimed to understand the perception
that people, who working with laboratory rodents in bio-
medicine in Spain, have on a number of issues related to
welfare and wellbeing.

Results

Participants

A total of 356 individuals answered the survey. Accord-
ing to their professional role with laboratory rodents,
participants were divided into three categories; animal
caretakers or technicians (55/15 %), welfare officer and/
or veterinarians (38/11 %) and researchers (263/74 %).
Gender and age of participants are shown in Table 1.
Two out of three participants were women and the aver-
age age was 38 years (21-69). Participants worked in re-
search institutes (206/58 %), universities (110/31 %),
hospitals (25/7 %), pharmaceutical companies (11/3 %)
or contract research organizations (4/1 %) from different
parts of Spain (Supplementary Table 1). They worked
mostly with mice (325/91.2 %), followed by rats (138/
38.7 %), while the use of guinea pigs (7/2 %) and ham-
sters (6/1.7 %) was less common. According to self-



Goni-Balentziaga et al. Laboratory Animal Research (2021) 37:18

Table 1 Demographic information of participants
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Gender Total Age

Male (Cis/Trans) Female (Cis/Trans) Prefer notto say n 21-35 36-49 50-69 Mean +SD
Animal caretaker or technician 15 40 0 55 21 25 9 3911
Welfare officer and/or veterinarian 13 24 1 38 3 19 16 48 +9
Researcher 79 175 9 263 144 86 33 36 £ 10
Total 107 239 10 356 168 130 58 38+ 11

Number of subjects according to job category, gender and age

reported weekly hours working directly with animals,
animal caretakers/technicians worked 30 h + 11, welfare
officers/veterinarians 20 h + 14 and researcher 10 h + 10
per week.

Environmental enrichment

All animal facility staff answered affirmatively to the
question about the use of environmental enrichment in
their animal facilities. Unexpectedly, a few researchers
answered that they did not know (26/10 %) or that their
animals did not receive enrichment (24/9 %). Regarding
control over the type or amount of enrichment provided,
some caretakers/technicians (20/36 %) and researchers
(55/21 %) reported to have a “lot of control” (Fig. la).
Nevertheless, 178 participants (60 %) wished they could
provide more enrichment (Fig. 1b).

Animal stress and pain

We asked participants to self-asses the degree of stress
that their animals suffer and 38 reported “little to none”
(10.7 %), 152 “minor” (42.7 %), 149 “moderate” (41.2 %)
and 17 “severe” (4.8 %) (Fig. 2a). Youngest participants
(21-35 vyears) reported the highest stress severity
(X2(8> =20.213; p=0.010; Phi=0.239). Regarding pain,
79 reported “little to none” (22.2 %), 153 “minor” (43 %),
107 “moderate” (30.1 %) and 17 “severe” (4.8 %) (Fig. 2b).
A total of 244 participants (68.5 %) reported the use of
analgesics, of which 155 commonly used buprenorphine
(65.3 %) and 97 meloxicam (39.8 %). Of the 333 partici-
pants (93.5 %) that reported the use of anesthetics, 243
used isoflurane (72.9 %), 155 ketamine/xylazine (46.5 %),
and 87 ketamine/medetomidine (26.2 %). Overall, the
use of local anesthesia was less common (88/24.7 %), be-
ing lidocaine (52/60 %) the most used drug in this cat-
egory (Supplementary Table 2).

Euthanasia

A total of 345 participants (96.9 %) had euthanized a ro-
dent. The vast majority of researchers euthanized ani-
mals “less than once a month” or “monthly” (191/
72.6 %), whereas 19 welfare officers/veterinarians (50 %)
and 32 caretakers/technicians (58.2 %) perform it on a
“daily” or “weekly” basis (Fig. 3a). Young participants

(21-35 years) euthanized rodents less often than the
other age categories (X’ =8.677; p=0.013; Phi=
0.157). Carbon dioxide (207/60.4 %) was the most used
killing method, followed by cervical dislocation (200/
58.3 %), anesthetic overdose (126/36.7 %) and decapita-
tion (44/12.8 %). The most unpleasant was decapitation
and the least one anesthetic overdose (Fig. 3b). A small
percentage of animal caretakers/technicians (11/21 %)
and researchers (29/11,4%) reported that they were
never given the choice not to euthanize the rodents they
work with (Fig. 3c). The commonest death confirmation
method was exsanguination (226/66 %), followed by neck
dislocation (193/56.3 %), confirmation of the onset of
rigor mortis (120/35 %), confirmation of permanent ces-
sation of the circulation (96/28 %) and destruction of the
brain (19/5.5%). Despite being mandatory, 24 partici-
pants (7 %) said they did not use any confirmation
method.

Interaction with their animals

Participants were asked about how strongly they agreed
or disagreed about how often they observed, pet, talk to
or name their laboratory rodents (Fig. 4a-d). Women re-
ported higher interaction with their animals than men
(186 +5 vs. 156+4.7; X’ =21.340, p<0.001). The
analysis also showed significant differences in the total
score by job category (X’ =13.618, p=0.001). Re-
searchers showed lower human-animal interaction than
animal caretakers/technicians (16.8 +5.1 vs. 18.6 +4.5;
Mann Whitney U = 5628; p = 0.010; » = 0.22) and welfare
officers/veterinarians (16.8 +5.1 vs. 19.5+4.9; Mann
Whitney U =3511; p=0.003; r=0.30). Our results also
indicated a positive low correlation (rho=0.23; p<
0.0001) between the total time spent working directly
with animals (hours/week) and total human-animal
interaction score.

Social support

Total social support score showed significant differences
according to the job category (X°«) = 11.245, p = 0.004).
Welfare officers/veterinarians showed higher scores than
animal caretakers/technicians (8.8 +2.6 vs. 7.8+2.3;
Mann Whitney U=787; p=0.040; r=0.25) and re-
searchers (8.8+2.6 vs. 7.3+2.2; Mann Whitney U=
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Fig. 1 Environmental enrichment. Reported (a) degree of control over the type or amount of environmental enrichment provided, and (b) the
desire to provide more environmental enrichment to their animals, in percentages
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3402; p =0.001; r=0.32). Animal caretakers/technicians
and researchers talked to their relatives or friends less
often (Fig. 5a). Most participants, 48 animal caretakers/
technicians (87.3 %), 27 welfare officers/veterinarians
(71.1 %) and 243 researchers (92.4 %) talked “never” or
“sometimes” about their work with laboratory rodents to
people outside their social circle; (Fig. 5b). Finally, ani-
mal caretakers/technicians and welfare officers/veteri-
narians reported that they feel that they have someone
they can really count on when they are dealing with
stress at work more often than researchers (Fig. 5¢).

Discussion

Reducing the suffering of animals through refinement tech-
niques is an important component of good scientific practice.
This study has allowed us to know the perception about

animal welfare, interaction with their animals and social sup-
port of laboratory rodent users in Spain.

Participants were divided into three job categories ac-
cording to their role working with laboratory rodents.
Animal caretakers and technicians are in charge of the
daily care and husbandry of animals, welfare officers and
veterinarians are responsible for enforcing animal wel-
fare legislation in their facilities and researchers use
them as a tool in their studies. Participants worked
mostly with mice, as expected according to the report
on the use of animals in experimentation and other sci-
entific purposes, including teaching in Spain [28].

Animal facilities have standardized their husbandry
protocols to reduce research data variability and increase
laboratory animals’ welfare. Accordingly, our partici-
pants reported high levels of environmental enrichment
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and low levels of stress. These results indicate that ani-
mal care and husbandry programs in Spain are well de-
signed and implemented. However, the responses of the
youngest participants and of some researchers could in-
dicate insufficient training or knowledge. As expected,
control over the type or amount of enrichment was in
welfare officers and/or veterinarians’ hands, but, in some
cases, animal caretakers/technicians and researchers par-
ticipated in the decisions. As reported in a previous
study in North America [21], over half of the partici-
pants wished they could provide more enrichment to
their animals.

Effective management of pain requires knowing the
nociceptive pain of the species you work with. For in-
stance, we have found sex and age differences in
C57BL6/] mice [29]. Almost half of the participants re-
ported little to none or minor pain, a result that is in line
with the annual report on procedures severity in Spain
[28]. Although it is clear that the choice of drug depends
on the procedure/surgery, we wanted to know which

were the drugs most frequently used by our participants.
Buprenorphine continues to be the most widely used an-
algesic drug followed by meloxicam [10-12], and the
most widely used inhalation anesthetic is isoflurane,
followed by ketamine in different combinations for par-
enteral anesthesia [12]. The use of barbiturates was less
common than that reported in a previous work [11], in-
dicating a trend to use safer drugs during surgical
interventions.

As previously reported, animal facility staff euthanized
rodents more frequently by carbon dioxide or cervical
dislocation [12, 16, 21, 30]. For euthanasia control, our
results are in line with a previous a study which indi-
cates that animal caretakers and technicians have less
control but do it more frequently [21]. Decapitation con-
tinues to be considered the most unpleasant method and
also the least used [12, 16, 21, 30]. Although anesthetic
overdose is the least unpleasant method participants re-
ported to perform it less often than cervical dislocation,
maybe for economic reasons.
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The only difference we observed between genders was
human-animal interaction, in line with previous studies
(see [31]). By job category, welfare officers and/or veteri-
narians showed higher total score in human-animal
interaction, even if we found a correlation between this
score and the time spent with the animals. A previous
study showed that animal facilities personnel that re-
ported high levels of interaction with laboratory animals
also reported higher levels of compassion satisfaction.
This could indicate a greater satisfaction from their close
relationship with their animals but it can turn to nega-
tive feelings when research procedures cause pain or dis-
tress in their animals [21].

Animal facility personnel reported moderate levels of
social support, as previously reported [21] and re-
searchers showed the lowest score. The vast majority of
participants never talked about their work with labora-
tory rodents to people outside their social circle. This
may indicate that the use of animals in research is con-
sidered a sensitive topic in Spain.

Conclusions

Overall, the participants showed high awareness and
sensitivity to rodent wellbeing; animal facility staff re-
ported a similar perception on welfare questions, inde-
pendently of their category, while researchers, who spent
less time with the animals, showed less awareness and
manifested lower human-animal interaction and less so-
cial support. Regarding the perception on social accept-
ance of laboratory animal work, all groups were cautious
and rarely talked about their job, suggesting that it is
considered a sensitive issue in Spain.

Methods
Ethical approval

All procedures and informed consent protocols were
approved by the Ethics Committee for Human-related
Research (CEISH) of the University of the Basque Coun-
try (UPV/EHU); 2020/175 — M10/2020/222.

Participants and procedure

Participants were recruited by mail trough the email list
of the Spanish Society for Laboratory Animal Science
(SECAL-L) and direct emails to known laboratory
personnel between December 1, 2020 and February 15,
2021. This study was restricted to people working with
laboratory rodents in Spain. In a cover letter attached to
the questionnaire, participants were informed that the
survey data would be used for scientific purposes and
that they would remain anonymous. All participants
gave their voluntary informed consent prior to complet-
ing the short 10-min online questionnaire (Google Drive
platform).

Questionnaire

The survey contained questions related to participant’s
gender, age, institution, current professional role, and
hours per week working directly with which species of
rodent/s.

Participants were asked whether environmental en-
richment was provided in their animal facility. If yes,
they were asked about their degree of control or influ-
ence over the type or amount of enrichment provided
(non, a little, some or a lot) and if they wished they
could provide more enrichment to their animals than
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Fig. 5 Social support. Reported answers about how often participants talked about laboratory work with rodents to (a) their family or friends, (b)
people outside their social circle and (c) how often they felt they had someone to really count on, in percentages

they currently did (disagree, neither agree nor disagree or  previous work [12]. Participants were asked which anal-
agree). gesic or anesthetic drugs they commonly used. They

The questionnaire also contained questions related to  were also asked whether they had ever euthanized a ro-
analgesia, anesthesia and euthanasia based on our dent. If so, they were asked about the frequency, the
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method (carbon dioxide, anesthetic overdose, decapita-
tion and/or dislocation), personal assessment of the un-
pleasantness of each of these methods (not unpleasant,
somewhat unpleasant, unpleasant, very unpleasant), if
they got to decide whether they have to euthanize the
animal they work with (never, sometimes, about half of
the times, most of the times and always), and finally, the
death confirmation method/s based on Spanish
legislation.

Questions related to personal perception about animal
stress and pain, general conduct towards laboratory ro-
dents and social support were translated into Spanish
from a published work [21] following a forward-
backward design [32]. Each item was translated into
Spanish by two bilingual researchers and then the two
translations were compared and discussed until a con-
sensus was reached regarding the wording of each item.
The back-translation was done by another two bilingual
researchers, and again they compared their translations
until they reached a consensus. This translation was ex-
amined and compared with the original wording to de-
termine whether the items had the same meaning.

Participants were asked to self-assess the degree of stress
and pain level for the animals they work with, using categor-
ies based off the Spanish legislation (little to none, minor,
moderate, severe or unknown). The interaction of the partici-
pants with their animals was assessed by asking them how
strongly they agreed or disagreed from 1 (strongly disagree)
to 7 (strongly agree) about how often they observed, pet, talk
to or name their laboratory rodents. The maximum score
that a participant could obtain was 28. Finally, social support
was assessed by questions about support related to their
work with laboratory rodents; how often from 1 (never) to 5
(always) they talked to friends and/or family and to people
outside their social circle about their work, and how often
did they feel like they had someone they could really count
on when dealing with stress related to their work. The max-
imum score that a participant could obtain was 15.

Statistical analysis of data

All statistical analyses were performed with Jamovi
(1.16.15) and the level of significance was set to p < 0.05.
Frequency (%) and distribution (mean + standard devi-
ation) statistics were use to describe the sample. Gender
or job category differences related to human-animal
interaction or social support were analyzed using Krus-
kal-Wallis one-way analysis of variance followed by
Mann-Whitney U test for post hoc analysis and rank bi-
serial correlation for the effect size. The relation between
the hours worked per week and the human-animal inter-
action was analyzed using bivariate Spearman correl-
ation. Gender and age group effect on ethical issues
were analyzed with chi-square and if the results were
significant adjusted residuals were observed.

Page 9 of 10

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/542826-021-00098-w.

Additional file 1: Supplementary Table 1. Percentage of participants’
distribution by Spanish autonomous communities.

Additional file 2: Supplementary Table 2. Reported use of analgesic
and anesthetic drugs.

Acknowledgements
The authors would like to thank Spanish Society for Laboratory Animal
Science (SECAL), as well as all participants in the study.

Authors’ contributions

0. G-B, I. O-S, SV, and G. A designed the survey and obtained the data. O. G-
B and G. A analyzed the data and wrote the paper. The author(s) read and
approved the final manuscript.

Funding
The research of GAA. is supported by grants from University of Basque
Country (UPV/EHU) - Psicobiologia PPGI19/14 and GIU18/103.

Availability of data and materials
Data of the study will we available upon reasonable request to the PI.

Declaration

Competing interests
The authors declare no conflict of interest.

Author details

'Department of Clinical and Health Psychology and Research Methodology,
Euskal Herriko Unibertsitatea (UPV/EHU), Donostia, Spain. “Scientific and
Technological Centers (CCIT), University of Barcelona (UB), Barcelona, Spain.
*Department of Basic Psychological Processes and their Development, Euskal
Herriko Unibertsitatea (UPV/EHU), Donostia, Spain.

Received: 27 May 2021 Accepted: 15 July 2021
Published online: 27 July 2021

References

1. Animal Welfare Committee. FAWC Report on Farm Animal Welfare in Great
Britain: Past, Present and Future. 2009. https://www.gov.uk/government/
publications/fawc-report-on-farm-animal-welfare-in-great-britain-past-
present-and-future. Accessed 17 June 2021.

2. Russell WMS, Burch RL. The principles of humane experimental technique.
London: Methuen; 1959. https://doi.org/10.5694/j.1326-5377.1960.tb73127 x.

3. Tannenbaum J, Bennett BT. Russell and Burch’s 3Rs then and now: the need
for clarity in definition and purpose. J Am Assoc Lab Anim Sci. 2015;54(2):
120-32.

4. Toth LA, Kregel K, Leon L, Musch TI. Environmental enrichment of
laboratory rodents: the answer depends on the question. Comp Med. 2011;
61(4)314-21.

5. Baumans V. Environmental enrichment for laboratory rodents and rabbits:
requirements of rodents, rabbits, and research. ILAR J. 2005;46(2):162-70.
https://doi.org/10.1093/ilar46.2.162.

6. Hutchinson E, Avery A, Vandewoude S. Environmental enrichment for
laboratory rodents. ILAR J. 2005;46(2):148-61. https//doi.org/10.1093/ilar4
6.2.148.

7. National Research Council. Guide for the Care and Use of Laboratory
Animals. 8th ed. Washington (DC): National Academies Press (US); 2011.

8. Flecknell P. Laboratory Animal Anaesthesia. 4th ed. London: Academic Press;
2015.

9. Carbone L, Austin J. Pain and laboratory animals: publication practices for
better data reproducibility and better animal welfare. PLoS One. 2016;11(5).
https.//doi.org/10.1371/journal.pone.0155001.

10.  Stokes EL, Flecknell PA, Richardson CA. Reported analgesic and anaesthetic
administration to rodents undergoing experimental surgical procedures.
Lab Anim. 2009;43(2):149-54. https://doi.org/10.1258/1a.2008.008020.


https://doi.org/10.1186/s42826-021-00098-w
https://doi.org/10.1186/s42826-021-00098-w
https://www.gov.uk/government/publications/fawc-report-on-farm-animal-welfare-in-great-britain-past-present-and-future
https://www.gov.uk/government/publications/fawc-report-on-farm-animal-welfare-in-great-britain-past-present-and-future
https://www.gov.uk/government/publications/fawc-report-on-farm-animal-welfare-in-great-britain-past-present-and-future
https://doi.org/10.5694/j.1326-5377.1960.tb73127.x
https://doi.org/10.1093/ilar.46.2.162
https://doi.org/10.1093/ilar.46.2.148
https://doi.org/10.1093/ilar.46.2.148
https://doi.org/10.1371/journal.pone.0155001
https://doi.org/10.1258/la.2008.008020

Goni-Balentziaga et al. Laboratory Animal Research (2021) 37:18

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Richardson CA, Flecknell PA. Anaesthesia and post-operative analgesia
following experimental surgery in laboratory rodents: are we making
progress? Altern Lab Anim. 2005;33(2):119-27. https.//doi.org/10.1177/02611
9290503300207.

Ortega-Séez |, Vila S, Azkona G. Percepcion del usuario del animal de
laboratorio sobre analgesia, anestesia y eutanasia en roedores. Anim
Lab. 2017;73:27-31 https://secal.es/indice-revista-secal/. Accessed 17
June 2021.

Shomer NH, Allen-Worthington KH, Hickman DL, Jonnalagadda M,
Newsome JT, Slate AR, et al. Review of Rodent Euthanasia Methods. J Am
Assoc Lab Anim Sci. 2020;59(3):242-53. https://doi.org/10.30802/AALAS-JAA
LAS-19-000084.

Andrukonis A, Hall NJ, Protopopova A. The Impact of Caring and Killing on
Physiological and Psychometric Measures of Stress in Animal Shelter
Employees: A Pilot Study. Int J Environ Res Public Health. 2020;17(24):9196.
https.//doi.org/10.3390/ijerph17249196.

Newsome JT, Clemmons EA, Fitzhugh DC, Gluckman TL, Creamer-Hente MA,
Tambrallo LJ, et al. Compassion Fatigue, Euthanasia Stress, and Their
Management in Laboratory Animal Research. J Am Assoc Lab Anim Sci.
2019;58(3):289-92. https://doi.org/10.30802/AALAS-JAALAS-18-000092.
Molina-Cimadevila M, Romero-Molina A, Garcia-Robles T. al. E. Eutanasia de
roedores: sobre como nos sentimos nosotros. XIV Congreso SECAL. Las
Palmas de Gran Canaria 2017. Personal communication.

Chang FT, Hart LH. Human-animal bonds in the laboratory: how animal
behavior affects the perspectives of caregivers. ILAR J. 2002;43(1):10-8.
https://doi.org/10.1093/ilar43.1.10.

Neely C, Lane C, Torres J, Flinn J. The Effect of Gentle Handling on
Depressive-Like Behavior in Adult Male Mice: Considerations for Human and
Rodent Interactions in the Laboratory. Behav Neurol. 2018;2018:2976014.
https://doi.org/10.1155/2018/2976014.

Gouveia K, Hurst JL. Improving the practicality of using non-aversive
handling methods to reduce background stress and anxiety in laboratory
mice. 2019,9(1):20305. https://doi.org/10.1038/541598-019-56860-7.
Tremoleda JL, Kerton A. Creating space to build emotional resilience in the
animal research community. Lab Anim (NY). 2020;49(10):275-7. https://doi.
0rg/10.1038/541684-020-0637-7.

LaFollette MR, Riley MC, Cloutier S, Brady CM, O'Haire ME, Gaskill BN.
Laboratory Animal Welfare Meets Human Welfare: A Cross-Sectional Study
of Professional Quality of Life, Including Compassion Fatigue in Laboratory
Animal Personnel. Front Vet Sci. 2020;7:114. https://doi.org/10.3389/fvets.202
0.00114.

De la Fuente M, Souto A, Caselli C, Schiel N. People’s perception on animal
welfare: why does it matter? Ethnobiology Conservation. 2017,6(18):1.
European Commission. Special Eurobarometer 442 "Attitudes of Europeans
towards Animal Welfare”. 2015. https.//data.europa.eu/data/datasets/s2096_
84_4_442_eng?locale=en. Accessed 17 June 2021.

Pejman N, Kallas Z, Dalmau A, Velarde A. Should Animal Welfare Regulations
Be More Restrictive? A Case Study in Eight European Union Countries.
Animals (Basel). 2019,9(4):195. https://doi.org/10.3390/ani9040195.
European Commission. Special Eurobarometer 340: Science and
Technology. 2010. https://data.europa.eu/data/datasets/s806_73_1_ebs34
0?locale=en. Accessed 17 June 2021.

Singer P. Animal Liberation: a new ethics for our treatment of animals. New
York: HarperCollins Publishers; 1975.

Donaldson S, Kymlicka W. Zoopolis. A Political Theory of Animal Rights.
Oxford: Oxford University Press; 2011.

Ministerio de Agricultura,Pesca y Alimentacion. Informes sobre usos de
animales en experimentacion y otros fines cientificos, incluyendo la
docencia. 2019. https://www.mapa.gob.es/es/ganaderia/temas/produccion-
y-mercados-ganaderos/informedeusodeanimalesen2019_tcm30-550894.pdf.
Accessed 17 June 2021.

Azkona G, Saavedra A, Aira Z, Aluja D, Xifro X, Baguley T, et al. Striatal-
enriched protein tyrosine phosphatase modulates nociception: evidence
from genetic deletion and pharmacological inhibition. Pain. 2016;157(2):
377-86. https://doi.org/10.1097/j.pain.0000000000000329.

Hawkins P, Prescott MJ, Carbone L, Dennison N, Johnson C, Makowska 1J,
et al. A Good Death? Report of the Second Newcastle Meeting on
Laboratory Animal Euthanasia. Animals (Basel). 2016;6(9):50. https://doi.org/1
0.3390/ani6090050.

Herzog HA. Gender Differences in Human-Animal Interactions. A Review
Anthrozods. 2007,20(1):7-21. https://doi.org/10.2752/089279307780216687.

Page 10 of 10

32, Hernadndez A, Hidalgo MD, Hambleton RK, Gémez-Benito J. International
Test Commission guidelines for test adaptation: A criterion checklist.
Psicothema. 2020;32(3):390-8. https://doi.org/10.7334/psicothema2019.306.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1177/026119290503300207
https://doi.org/10.1177/026119290503300207
https://secal.es/indice-revista-secal/
https://doi.org/10.30802/AALAS-JAALAS-19-000084
https://doi.org/10.30802/AALAS-JAALAS-19-000084
https://doi.org/10.3390/ijerph17249196
https://doi.org/10.30802/AALAS-JAALAS-18-000092
https://doi.org/10.1093/ilar.43.1.10
https://doi.org/10.1155/2018/2976014
https://doi.org/10.1038/s41598-019-56860-7
https://doi.org/10.1038/s41684-020-0637-7
https://doi.org/10.1038/s41684-020-0637-7
https://doi.org/10.3389/fvets.2020.00114
https://doi.org/10.3389/fvets.2020.00114
https://data.europa.eu/data/datasets/s2096_84_4_442_eng?locale=en
https://data.europa.eu/data/datasets/s2096_84_4_442_eng?locale=en
https://doi.org/10.3390/ani9040195
https://data.europa.eu/data/datasets/s806_73_1_ebs340?locale=en
https://data.europa.eu/data/datasets/s806_73_1_ebs340?locale=en
https://www.mapa.gob.es/es/ganaderia/temas/produccion-y-mercados-ganaderos/informedeusodeanimalesen2019_tcm30-550894.pdf
https://www.mapa.gob.es/es/ganaderia/temas/produccion-y-mercados-ganaderos/informedeusodeanimalesen2019_tcm30-550894.pdf
https://doi.org/10.1097/j.pain.0000000000000329
https://doi.org/10.3390/ani6090050
https://doi.org/10.3390/ani6090050
https://doi.org/10.2752/089279307780216687
https://doi.org/10.7334/psicothema2019.306

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Participants
	Environmental enrichment
	Animal stress and pain
	Euthanasia
	Interaction with their animals
	Social support

	Discussion
	Conclusions
	Methods
	Ethical approval
	Participants and procedure
	Questionnaire
	Statistical analysis of data

	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declaration
	Competing interests
	Author details
	References
	Publisher’s Note

