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Nonaversive or low stress handling techniques can reduce fear and stress in

research rodents, ultimately improving study data quality. Uptake of low stress

handling has been slow in the USA and Canada. In this study we explored the

understanding, experience, and attitudes toward low stress handling of rats

and mice in laboratory animal professionals from the USA (US) and Canada

(CA). Participants (n = 40) were recruited for a standardized interview and

job categories were divided into veterinary/PhD level roles (doctoral level;

DL) and non-veterinary/non-PhD level roles (non-doctoral level, NDL) (US:

23, DL: 9, NDL: 14; CA: 17, DL: 8, and NDL: 9). Interviews were transcribed

and analyzed using NVIVO. Two research assistants independently coded

themes for each question and consolidated responses based on commonality.

Laboratory animal professionals understood the benefits of low stress handling

and training techniques with rats and mice, stating reduced stress, better

data, and improved welfare, with CA participants more likely to mention

animal welfare as a benefit, and DL more likely to mention improved research

data and reduced stress. Participants across demographic groups indicated

improved job satisfaction and decreased stress as the positive impacts low

stress handling would have on their positions. The primary perceived barriers

to low stress handling implementation were researcher attitudes, the time

needed to implement and use these techniques, and training personnel to

use the techniques properly and consistently. To promote refinement of

handling of rats and mice, more educational opportunities on the benefits

and implementation of low stress handling techniques need to be provided

to laboratory animal professionals, as well as to researchers.
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Introduction

Human-animal interactions occur frequently in a research

environment related to husbandry and experimental activities,

and contribute greatly to overall animal welfare outcomes (1,

2). Frequent interactions that are perceived as negative by

animals can lead to chronic stress that may disrupt physiologic

and behavioral processes, resulting in fear toward people,

and increasing injury risk for the animal and handler (3–

5). Improving handling methods can help reduce negative

responses during human-animal interactions, reduce external

influences on study data, and optimize animal health and

welfare (1, 3, 4). Positive human-animal interactions and animal

cooperation can be promoted through use of nonaversive

or low stress handling methods, habituation, and positive

reinforcement training (3, 4). Low stress handling specifically

refers to patient, behavior-centered handling techniques that

emphasize minimal restraint when working with animals. Low

stress handling programs can also include training techniques

such as habituation, defined as reducing the fear response

through repeated exposure to a stimulus (5, 6), and positive

reinforcement training, which increases the likelihood of a

desired behavior through provision of a reward (6).

Rats and mice are common species worked with in

biomedical research (7), but despite this, low stress handling,

habituation, and training techniques are not commonly

practiced compared to other species such as dogs (8, 9) and

primates (10). For mice and rats, low stress handling primarily

refers to the way in which animals are removed from and

placed into their holding enclosures, and includes tunnel or

cup/body handling (11, 12). For mice, there is a large body

of evidence demonstrating that tail handling is aversive and

results in stress and anxiety, which is reflected in physiologic

measures such as increased plasma corticosterone (12, 13) and

blood glucose levels (12), and reduced breeding efficiency (14).

There are also altered behavioral responses, including increased

anxiety as evidenced in elevated plus maze (12, 15, 16) and open

field tests (12, 16, 17), reduced voluntary human interaction

test responses (3, 15–18), changes in habituation-dishabituation

tasks (19), and altered response to rewards (16, 18). The

evidence also highlights tunnels as the preferred method of

handling for mice (15), and that as little as 2s is needed to

habituate mice to tunnel handling (3), and the effects of low

stress handling remain even when tail handling is subsequently

used for restraint for procedures (3, 20). There is less research

investigating preferred handling methods for rats, but there is

evidence that rats also find tail handling aversive (21) and that

habituating rats to handling and/or using gentle handling is

beneficial in reducing anxiety-like behaviors (22, 23), depressive-

like states (23), improving learning and memory (22), reducing

variation in behavior tests (24), and improving human-animal

interactions (25). There is also evidence that implementing

nonaversive restraint techniques for rats reduces stress-related

behaviors (i.e., struggling, vocalizations, and defecation) and

plasma corticosterone levels compared with tail handling

restraint techniques (26).

Refinement is one of the 3Rs, and is a key ethical principle

driving improvements in research animal care and welfare, the

aim of which is tominimize pain and distress in research animals

(27). With ample evidence demonstrating that tail handling

is aversive to mice and rats, adoption of low stress handling

techniques should be a priority. Unfortunately, despite this

body of evidence there is still slow uptake of these techniques

with handlers using tail handling regularly (28). To better

understand why this is, the goal of this study was to explore

the understanding, experience, and attitudes toward low stress

handling and training techniques (habituation and positive

reinforcement training) with rats and mice with laboratory

animal professionals within the USA and Canada. The aims of

this work were to understand the motivations and impediments

to refining handling techniques for rats and mice, and to

compare attitudes between countries (USA vs. Canada) and job

categories (veterinary and PhD-level professionals vs. those in

more technical roles).

Methods

All methods were approved by the University of Guelph

Research Ethics Board (REB#: 20-06-022).

Participants were recruited between December 2020 to

April 2021 using email advertisements sent to professional

membership listserves including the American Association for

Laboratory Animal Science; AALAS, Canadian Association for

Laboratory Animal Science; CALAS, and Canadian Association

for Laboratory Animal Medicine; CALAM. The advertisement

asked those interested to contact the researchers. Inclusion

criteria for participation were that participants had to be 18

years of age or older, and currently working in a laboratory

animal facility with laboratory mice and rats in Canada or

the USA.

Participants were contacted to set up an interview, and

the consent transcript was emailed. Once the date and time

were confirmed, the researchers sent a link to the virtual

meeting held via Microsoft Teams (Microsoft Corporation,

Redmond, WA, USA). During the interview, the interviewer

read the consent transcript aloud and asked for verbal consent

to participate. Interviews took approximately 30–45min and

were audio-recorded. Participants were asked 16 open-ended

questions (see Supplementary Interview Questions) and shown

two demonstration videos of nonaversive handling techniques

(mice: https://www.youtube.com/watch?v=bdtVZtrr69c&

feature=emb_logo; rats: https://www.youtube.com/watch?

v=gbsz_LZwuCM&feature=emb_logo). After the interview,

participants were sent a link to a demographic survey on

SurveyMonkey (Momentive Inc, San Mateo, CA, USA) to
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FIGURE 1

Word Cloud of the most significant day-to-day concerns of

laboratory animal professionals working with research rats

and/or mice.

collect data on country, region, job function, education level,

age, gender, and type of employer. The demographic survey

was optional, and participants could skip questions as they

saw fit.

All interviews were transcribed by a single individual

using validated methods (29). Transcripts were uploaded into

NVIVO (QSR International Inc., Burlington, MA, USA) and

independently coded for analysis by two of the researchers

to identify themes and subthemes for each question. Each

coder identified the top themes and subthemes based on

how many participants mentioned it. Themes were compared

between the coders. Initial consistency of major themes was

high between the coders; therefore, discussions were based on

confirming similar terminology and interpretation of responses,

and consolidating results into one output with top themes and

subthemes summarized by country [USA and Canada (CA)]

and job category. Professions were grouped into veterinary

and PhD-level roles (DL) and non-veterinary and non-PhD-

level roles (e.g., in-life technicians; NDL). Both coders agreed

on the final output. The word clouds in Figures 1 and 2

were generated by listing the total number of times a theme

was coded per participant and inputting the list into Free

Word Cloud Generator (https://www.freewordcloudgenerator.

com/generatewordcloud; Salt Lake City, UT, USA).

Results

Demographic information

Forty participants completed interviews (US: 23, DL: 9,

NDL: 14; CA: 17, DL: 8, and NDL: 9). Further demographic

information for participants is presented in Table 1 (a total of 38

participants completed the demographic survey). The primary

job categories included clinical or compliance veterinarians,

veterinary technicians, animal care or welfare personnel,

trainers or training coordinators, laboratory or facility

managers, veterinary and animal care directors, technical

FIGURE 2

Word Cloud of perceived barriers of laboratory animal

professionals to implementing low stress handling techniques

with research rats and mice.

services personnel, graduate students, and postdoctoral fellows

working directly with mice or rats.

Concerns

Participants were asked what their biggest day-to-day

concern was when working with research rats and mice. The

concerns are summarized in Figure 1. The top concerns noted

were animal welfare, animal health, training personnel, and

stress. Housing and environment were additional significant

concerns for US NDL and handling was a top concern for

CA DL.

Understanding of and attitudes toward
techniques

The first set of questions asked participants about

their understanding, experience with, and attitudes toward

habituation and positive reinforcement training of mice

and rats.

Understanding of the term habituation was low, with

only 17.5% of participants providing the correct definition of

repeated exposure to a stimulus. Most participants described

“getting the animal used to” a situation or environment. Some

participants described gradual exposure to a stimulus starting at

low thresholds or providing a treat after a procedure. CA DL

had a better understanding of habituation compared US DL and

NDL from both countries, with 50% of this population providing

the correct definition. Participants had a better understanding of

the term positive reinforcement training than for habituation,

with 60% of participants providing the correct definition,

mentioning provision of a reward for a desired behavior. When

describing positive reinforcement training, some participants

also mentioned that it is training without punishment. US

NDL had a better understanding of positive reinforcement
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TABLE 1 Demographic information for interview participants (n = 40).

Country Position Region Highest level of

education

Age Gender Institution type

US: 23 DL: 9

NDL: 14

Northeast: 3

Midwest: 7

South: 7

West: 4

Secondary School: 0

Associate’s certificate: 0

BA/BSc: 8

DVM/VMD: 8MS,

PhD: 5

18-30: 4

31-40: 10

41-50: 3

51-60: 3

> 60: 1

Male: 1

Female: 20

University/College: 10

Hospital: 3

Government: 2

Industry/CRO: 4

Other: 2

Canada: 17 DL: 8

NDL: 9

West: 5

Central: 11

Eastern: 0

Secondary School: 0

Associate’s certificate: 4

BA/BSc: 1

DVM: 4MS, PhD: 7

18-30: 2

31-40: 1

41-50: 6

51-60: 7

>60: 0

Male: 1

Female: 15

University/College: 12

Hospital: 3

Government: 0

Industry/CRO: 1

Other: 0

Demographic information was collected via survey which was optional and allowed participants to skip questions at will. A total of 38 participants completed the demographic survey.

DL, doctoral level; NDL, non-doctoral level, CRO, contract research organization.

training, with 71.4% of participants in this group providing the

correct definition.

Half of the participants (50%) had no or minimal

experience using these techniques with research rats and

mice. Experience with habitation was primarily related to

handling, but habituation to restraint, oral dosing, and use

of respiratory/anesthetic cones was also mentioned. One key

response from this question was:

“Particularly with rats. . . I’ve trained them to do basic

skills, mostly target training. However, none of these have

been implemented on a large scale.”

Therefore, even if participants were using habituation

techniques with rats and mice, habituation wasn’t widespread

at their institution. When asked about their experience with

these techniques, it was common for participants to mention

the species in their response, to specify that they have used these

techniques with other research species, such as large animals, but

not with rodents, such as:

“I work with rodents and large animals, so sometimes

you think of it more with large animals than with

rodents. We don’t give them a treat like we would with a

large animal.”

Overall, US participants had less experience with these

training techniques than CA participants.

The potential benefits to using habituation and training

were identified by participants as reduced stress for animals

and personnel, better study data, and improved animal welfare.

Some of the other common answers were related to animals

being easier to handle, personnel being happier, improved

job efficiency, and reduced fear and aggression from the

animals. When asked what the concerns were with using

these techniques, half of the participants stated they had

no concerns. However, when concerns were mentioned, the

top responses were related to training personnel to use the

techniques properly and consistently, the time needed to

implement these techniques, and expectations for negative

researcher attitudes. Other concerns included the potential cost

for purchasing tunnels to use for handling, the applicability of

the techniques across research projects, the number of animals

that would need to be trained, and animal health or biosecurity

issues associated with direct animal handling. An interesting

key quote spoke to the need to minimize the use of these

techniques to help personnel maintain emotional and physical

distance from research animals as a means of avoiding potential

compassion stress/fatigue:

“People get very attached to the animals—there is

potential of compassion fatigue.”

There were differences in responses between countries and

job areas. For benefits related to low stress handling, CA

participants were more likely to mention improved animal

welfare as the top benefit. DL respondents were more likely to

say that the benefits would include reduced stress and improved

data, compared toNDL. In terms of concerns for using low stress

handling techniques, NDL were more likely to say there were

no concerns about using these techniques but for DL the need

for training personnel was the top concern. Between countries,

US participants were more concerned about the potential for

negative researcher attitudes than CA participants.

Most participants were familiar or somewhat familiar with

low stress handling techniques with rats and mice, but more CA

participants (64.7%) stated “yes” than US participants (56.5%).

When asked how they felt about using these techniques or

training others to use them, CA participants were more in
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support of using and training with these techniques, with many

saying they already use these techniques or were starting to

implement them. US participants were more likely to say they

supported using the techniques but indicated concerns such as

researcher buy-in, time or that the techniques would not work

for all areas of research.

Participants were asked how using these low stress handling

techniques in a more widespread fashion would impact their

job. The responses were organized by positive and negative

impacts. The top positive impact of broadly implementing

low stress handling techniques was thought to be improved

job satisfaction, with respondents indicating that their job

would become easier. Another top benefit was thought to

be decreased stress for personnel and animals. For negative

impacts, participants believed these methods would take more

time and that training personnel would be challenging. There

were similar responses across demographic groups. One key

quote from this question was:

“I think the biggest concern people have that I work

with is it would take more time. But I think in the long run

it would decrease stress on everyone.”

Despite many participants seeing time as an issue in using

these techniques, 90% of participants agreed it would be worth

the time, with the remaining participants saying it would be

worth the time but they still expressed concerns about howmuch

time it would take and the likelihood of negative researcher

attitudes. NDL were more likely to state concerns than DL.

When asked if the researchers would think it was worth the

time, most participants said no or that it would depend on the

specific researcher.

Video responses and implementation

Most participants had not seen the nonaversive handling

videos of mice or rats prior to the interview. The responses to

the videos were overwhelmingly positive, such as:

“I think it’s pretty amazing that just with a couple

sessions that you can use low stress handling techniques on

a rat or mouse.”

“I thought it was very interesting. I saw a lot of novel

techniques that I never heard of before, such as clicker

training with rodents. I’m curious to see how that would

work in my research environment.”

Participants were also largely surprised to see low stress

handling techniques specifically for mice:

“I was surprised by the mice, because I have more of the

opinion that mice did not want to interact with humans as

they are more fearful compared to rats.”

A common response to the videos from DL participants was

that they wanted to implement the techniques at their facility

and they mentioned action items, such as intending to send

emails to people within their facility after the interview.

Following viewing of the videos, participants would still

mention positive opinions followed by concerns such as the

number of rodents at their facility reflected in these quotes:

“. . .might be difficult to scale up to the size of a very

large university”

“. . .may not be very practical when you’re dealing with

much larger quantities of rodents”

Or stating challenges of getting buy-in at their facility:

“. . . there are PIs I have to convince on things. I’d be

doing it yesterday if I had approval.”

US participants were more likely to have their opinions on

low stress handling changed as a result of watching the videos

while CA participants were more likely to indicate that the

videos further supported their knowledge, such as:

“No, I was already on board, we’re already doing some

of this.”

Despite that US participants indicated that their opinions

had changed as a result of viewing the videos, they were also

more skeptical or hesitant of the techniques demonstrated,

continuing to state challenges and impediments they would

face in using these techniques, and this was especially true

for US NDL. When asked if the techniques were possible at

their facility, 40% indicated “yes”, 35.5% indicated “no”, and

the remaining respondents indicated that they were unsure

or that it would be possible for some experiments but not

all of them. For participantsstating “yes” and “no”, the same

concerns were mentioned. One participant stated that “yes, it

was possible”, but added: “Yes, but not for a long time.” The

primary perceived barriers to implementation are presented in

Figure 2. The top barriers indicated were lack of time, money, or

resources, and lack of researcher support or negative researcher

attitudes. Additional concerns and barriers suggested were that

these techniques couldn’t be used for some types of research,

there were too many animals that needed to be trained, training

personnel would be difficult, and that there needed to be more

evidence supporting the benefits of nonaversive handling of

mice and rats. In general, there were similar concerns across
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demographics groups, but US participants were more likely

to mention negative researcher attitudes or type of facility or

research as barriers, and NDL in both the USA and CA were

more uncertain if these techniques could be implemented at

their facility.

Discussion

The goal of this study was to explore the understanding,

experiences, and attitudes of laboratory animal professionals in

the USA and Canada toward low stress handling, habituation,

and basic training techniques with rats and mice. While

the participants of the study were supportive of using these

techniques, there was limited understanding and experience

with using the techniques specifically with rats and mice. There

were also a number of perceived barriers to implementation,

including anticipated negative researcher attitudes, the time or

resources required to implement and use these techniques, and

the time needed to train personnel.

Participants in this study recognized the benefits of using low

stress handling and training techniques, but the techniques were

not widely implemented at many of the represented facilities at

the time of the interviews. It was common for participants to

mention using these techniques with other species but many

were surprised to see them being used with rats and mice,

particularly mice, suggesting species-specific attitudes impeding

refinements. Speciesism, or lower moral, ethical or welfare

consideration of some species compared to others (30), is often

apparent for research rodents compared to other species such as

primates and dogs (31). Reasons cited for this include the degree

of phylogenetic or behavioral proximity to peoples, degree of

animal self-awareness, perceived bonding or relationship with

people, intelligence, perceived sensitivity to pain or discomfort,

and cognitive or behavioral complexity of the animal (31).

Despite this, it is well known that rats and mice are intelligent

and sensitive animals who respond quickly to habituation and

training (32–35). Further education and research opportunities

should focus on demonstrating how these techniques could be

incorporated for rats and mice on a large scale and with different

types of research.

In the current study, some participants mentioned an

apparent lack of evidence that these techniques are beneficial

as a reason for not implementing low stress handling. In a

study by Henderson et al. (28), respondents questioned the

methodology of past studies in relation to practical applications.

Respondents also stated that most research highlights the

behavioral outcomes, and there needs to bemore evidence on the

physiologic outcomes, particularly related to stress physiology,

cardiovascular indicators, and health outcomes related to

surgery, anesthesia, drug delivery, and oncology (28). In mice,

there is over a decade of research demonstrating the behavioral

and physiologic benefits of low stress handling. Besides the

benefits to animal welfare, low stress handling methods improve

operational outcomes such as breeding productivity. Hull et al.

(14) demonstrated that tunnel handling resulted in more pups

born and weaned per litter, with a 20% reduced risk of litter loss

compared to when dams were handled by their tail. Low stress

handling also improves research outcomes by reducing variation

in the study data (17), particularly for disease models that would

be susceptible to stressors (13). Effects of handling have also been

reflected in physiologic measures for plasma corticosterone (12,

13) and blood glucose levels (12). Empirical evidence continues

to demonstrate the effects of handling procedures on health,

welfare, and research outcomes but has focused primarily on

mice. Fewer studies have asked similar research questions with

rats, leaving a knowledge gap on specific preferred handling

methods and implementation.

Time to implement and use low stress handling was

mentioned as a significant perceived barrier to implementation

in this study and in a previous study (28). Past research has

demonstrated that it takes as little as 2s per handling session at

routine cage change to see the benefits of low stress handling

for mice (19). There is evidence that the process of training

personnel to use low stress handling techniques initially may

result in increased time to cage change compared to using tail

handling with the hand or forceps (36), but this diminishes

as caregivers become more skilled with the technique (14).

Exclusively using this method during personnel training would

also speed proficiency and uptake vs. retraining personnel on

a basic skill that they may have become accustomed to using

for years to decades. Positive human-animal interactions can

act as a reward during operant conditioning for rats (37),

further emphasizing possible benefits of this technique. Positive

interactions with animals is also beneficial for human mental

health and job satisfaction (38–40).

One of the most common barriers mentioned was a

perceived lack of researcher support to implement these

techniques. Researcher support is vital to implementing changes

to research practices (31). Survey results from Henderson et al.

(28) indicated that researchers were more likely to use tail

handling only and that they hadn’t heard about nonaversive

(tunnel) handling compared to laboratory animal professionals.

In that work, when asked for reasons as to why tunnel handling

wasn’t used, common answers were that they were using the

handling methods that have always been used, they had not

heard about tunnel handling or no one had suggested they do

it differently (28). Participants in that survey also stated there

would need to be a top-down approach to see any change in

handling method, as resources need to be provided to obtain

tunnels as well as training on how to use them (28). In general,

researchers may be lacking in knowledge related to optimal

animal welfare practices and the 3Rs. For example, only 20%

of FELASA researchers surveyed in 2014 were able to correctly

name and define the 3Rs principles (31). In this study and in

the results presented by Henderson et al. (28), laboratory animal
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professionals were receptive when shown these methods. Better

outreach on the benefits of low stress handling methods needs

to be directed at all levels within research community to build

awareness and consensus. Providing training on topics related to

the 3Rs and animal welfare can help improve knowledge of 3Rs

principles and encourage researchers to implement 3Rs practices

in their laboratories (31). Training on low stress handling,

habituation, and training practices for rats and mice geared

toward all levels, but particularly researchers, could encourage

more facilities in the US and Canada to adopt these techniques.

An important concern, particularly from nondoctoral

level personnel in this study, was a perceived inability to

influence or drive change in practices at their institutions.

A key component of a Culture of Care is being able to

have a positive attitude toward animal welfare initiatives as

well as the ability to be open to change. This includes

providing support to listen to, consider, and pilot ideas from

all employees, and then to act on and implement validated

changes when viable (41). From the responses provided in

this study, technical personnel commonly predicted negative

responses to new proposed animal welfare initiatives, and they

did not feel empowered to drive changes at their respective

institution. Ensuring that employees at all levels feel valued

and that they can bring new ideas and concerns forward are

important elements of an institution’s Culture of Care as well as

keeping up-to-date with the 3Rs in research settings, a societal

imperative (41).

There were limitations of the study particularly related to

response bias. Participation was voluntary based on response

to email advertisements. This resulted in gender and country

imbalance with most respondents being female from the

USA. There is evidence of gender differences in attitudes

toward animals, with females generally having more positive

attitudes toward animals and indicating a greater concern

for animal welfare than males (42). Male handlers may also

induce a stress response in animals, such as rodents, which

may impact observed animal behavior and welfare (43). This

suggests that there may be less overall awareness about

the benefits of low stress handling techniques as well as

training for mice and rats amongst the wider population of

laboratory animal professionals. The nature of an interview

study may also introduce bias regarding participants based on

individual time constraints, personality traits (introverts vs.

extraverts), concerns about anonymity, access to a computer

to participate in the interview, and other factors that can

result in participants having similar backgrounds and views.

Participants who volunteered may already be concerned about

handling methods in rodents and may have an interest in

low stress handling. As a result, the views presented in this

paper likely are not fully representative of attitudes across

laboratory animal professionals but can hopefully provide

insight into how to move forward with promoting low

stress handling.

In conclusion, laboratory animal professionals interviewed

from the USA and Canada understand the benefits of low

stress handling techniques, but despite this, have not moved

toward widespread adoption for research mice and rats. There

was also limited knowledge and experience with low stress

handling, habituation, and training techniques, and a lack

of evidence was cited as a concern for implementing these

techniques, despite numerous publications from the past 10

years demonstrating the benefits, particularly with mice. This

suggests a gap in knowledge and experience that should

be addressed for personnel working with research rodents

at all levels. Negative researcher attitudes were anticipated

to be the primary barrier preventing implementation of

nonaversive handling and training techniques for mice and rats,

suggesting that resources and training need to be developed

and promoted for this group to encourage implementation

of the 3Rs.
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