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The implementation of tunnel handling
in a mouse breeding facility revealed
strain-specific behavioural responses

Katharina Hohlbaum1,2 , Roswitha Merle3, Ramona Warnke4,
Stefan Nagel-Riedasch4 , Christa Th€one-Reineke2,5 and
Kristina Ullmann6

Abstract
As a step towards implementing non-aversive handling techniques at a big mouse breeding facility in
Germany, tunnel handling was introduced in a breeding unit comprising three inbred mouse strains. To
assess whether tunnel handling would be feasible for the animal technicians in their everyday work and
beneficial for the mice when being handled during weekly cage change only, the behaviour of tunnel- and tail-
handled animals of both sexes was examined before, during and after the handling events over a period of
nine weeks. Moreover, the time expenditure was compared between both handling techniques. It was pos-
sible to use the tunnel in all three mouse strains. However, the impact of the handling techniques on the
behavioural parameters investigated in the present study were strain-specific. All behavioural parameters
suggested that NZW mice benefited the most from tunnel handling. The results obtained from Hello Kitty and
WNK mice were ambiguous, which may suggest that a brief handling session during the cage clean may have
not been sufficient to habituate them to the process of handling. It took the animal technicians approximately
3 seconds longer per mouse when using a tunnel. The strain-specific results should encourage researchers
to share their experiences with non-aversive handling techniques in different mouse strains, for example,
along with their research articles.
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Introduction

Non-aversive handling techniques such as the tunnel

and cup technique were introduced more than a

decade ago to replace the traditional method of picking

mice up by their tail.1 Their benefits on both animal

welfare and quality of scientific data were demonstrat-

ed in various independent studies. Tunnel and cup han-

dling were shown to reduce anxiety when the mice

anticipated being handled.1 This effect is not reversible

by procedures carried out after the mouse was removed

from the cage. Independent of whether the mice are

scruffed, subcutaneously/intraperitoneally injected or

anesthetized with isoflurane for a short term, the vol-

untary interaction time with the experimenter is higher

after tunnel when compared with tail handling.1–3

Moreover, tunnel and cup handling decrease

1German Federal Institute for Risk Assessment (BfR), German
Centre for the Protection of Laboratory Animals (Bf3R), Berlin,
Germany
2Science of Intelligence, Research Cluster of Excellence, Berlin,
Germany
3Institute for Veterinary Epidemiology and Biostatistics,
Department of Veterinary Medicine, Freie Universit€at Berlin,
Germany
4Research Facilities for Experimental Medicine (FEM), Charit�e –
Universit€atsmedizin Berlin, Germany
5Institute of Animal Welfare, Animal Behaviour and Laboratory
Animal Science, Department of Veterinary Medicine, Freie
Universit€at Berlin, Germany
6Nuvisan ICB GmbH, Berlin, Germany

Corresponding author:
Katharina Hohlbaum, Federal Institute for Risk Assessment,
Max-Dohrn-Str. 8-10, Berlin, 10589, Germany.
Email: katharina.hohlbaum@bfr.bund.de

Laboratory Animals

2024, Vol. 58(6) 552–564

! The Author(s) 2023

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/00236772231215077

journals.sagepub.com/home/lan

https://orcid.org/0000-0001-6681-9367
https://orcid.org/0000-0002-8205-4891
mailto:katharina.hohlbaum@bfr.bund.de
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/00236772231215077
journals.sagepub.com/home/lan


anxiety-related behaviour in the open field test and ele-
vated plus maze test.1,4,5 Observations in the sucrose
preference test confirmed that tail-handled mice
responded differently towards a positive stimulus
from tunnel-handled mice, indicating that tail handling
induced a depressive-like state.5 The behavioural data
are supported by physiological measurements. Higher
weights of adrenals and elevated corticosterone concen-
trations were found in tail-handled mice.4,6 In spite of
these clear advantages for animal welfare, tunnel and
cup handling have still not been implemented in all
animal facilities.7 The reasons for this vary. The eval-
uation of our courses on non-aversive mouse handling
techniques at the Research Facilities for Experimental
Medicine (FEM), Charit�e – Universit€atsmedizin Berlin
in 2019 revealed that an additional expenditure of time
represented one of the greatest fears.8 Moreover, there
is a lot of uncertainty in whether tunnel and cup han-
dling may be suitable for all mouse strains since most
research data on non-aversive mouse handling is based
on C57BL/6, BALB/c and CD-1. After courses on non-
aversive mouse handling techniques were carried out at
the FEM, as a further step towards implementation
tunnel handling was introduced in a breeding unit of
the FEM comprising the inbred strains WNK 1,9

NZW10 and Hello Kitty.11 To assess whether tunnel
handling would be feasible for the animal technicians
(i.e., could be implemented into their everyday work)
and beneficial for the mice when being handled during
weekly cage change only, the behaviour of tunnel- and
tail-handled animals was examined before, during and
after the handling events over a period of nine weeks.
Furthermore, the time expenditure was compared
between both handling techniques.

Materials and methods

Ethics

Maintenance of the animals was approved by the
Berlin State Authority (‘Landesamt für Gesundheit
und Soziales’, permit number: ZH158). The mice
were handled according to standard care procedures,
implementing the non-aversive tunnel technique. The
data presented were derived from live observations
before, during and after they were handled. Since the
animals were not subjected to pain, suffering or harm,
this study was not considered as an animal experiment
in the sense of European legislation. A protocol was
not preregistered.

Animal technicians

Three female professionally trained animal technicians
with more than 10 years of experience were responsible

for handling the mice and collecting the data. The
implementation of the tunnel handling technique as a
routine handling procedure started with a theoretical
and practical training. The theoretical training of
90min included videos, pictures and an overview of
the effects caused by the different handling techniques
on the mice. It was accompanied with a survey on the
acceptance and concerns of the participants.8 During
the approximately 120min of practical training, the
participants were able to learn the use of the tunnel
as a working tool. In order to also map the learning
process of the animal technicians, the early phase of
implementation was included in the study. According
to self-reports of the animal technicians, they were still
learning the practice of tunnel handling at the begin-
ning of the study. Due to obvious reasons, it was not
possible to blind the animal technicians to the handling
techniques.

Animal facility conditions

The mice were housed in a productive breeding facility
with 8000 mice of approximately 100 genetically mod-
ified mouse strains for the use in experiments under
specifically pathogen free barrier conditions. They
were free of pathogens listed in the FELASA recom-
mendation.12 Regular access for the personnel was lim-
ited to animal technicians and veterinarians after wet
showers and cloth changes. Material, feed and water
were autoclaved or disinfected by peracetic acid. The
mice entry was limited to embryo transfer.

Housing conditions

The animal facility had a temperature of 22�C� 2�C, a
relative humidity of 55%� 10%, and a 14/10-h light/
dark cycle. Lights were turned on at 06:00 h. Mice were
housed in sex-equal groups of 2–6 in type II long cages
(1284L Eurostandard Type II L, Tecniplast, Buggugiate,
Italy) with grids and open tops on low dust poplar wood
bedding (PG2, LASvendi, Soest, Germany) with ad libi-
tum access to food (Mouse breeding fortified, Ssniff,
Soest, Germany) and water. A clear polycarbonate han-
dling tube (130mm� 50mm, Datesand Group,
Stockport, UK), a red mouse house (Zoonlab, Mouse
shelter), 1–3 gnawing sticks (Ssniff, Aspen wood, size
“S” Small) and tissue as nesting material were provided
in the cages.

Animals

WNK 1 (a Charit�e substrain of WNK he
mice, MGI_C57BL6J_2442092),9 NZW (a Charit�e
substrain of NZWLac/J RRID:IMSR_JAX:001058,
MGI:2159914)10 and Hello Kitty (a Charit�e substrain
of C57BL6-Cpa-Cre;Mcl-1fl/fl)11 inbred male and
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female mice were analysed from weaning at the age of
approximately three weeks to a maximum of 12 weeks
after weaning. The number of mice analysed during the
study period with respect to strain and handling tech-
nique is listed in Table 1. The animals were assigned
to the handling technique by simple randomization;
animals living in the same cage experienced the same
handling technique.

Handling techniques

Mice were handled once a week during cage change. The
animal technicians wore latex (Micro touch, Powder-
Free Examination Gloves, Ansell, Brussels, Belgium)
or nitrile gloves (Vasco, Nitril white, Powder-Free
Gloves, B. Braun, Melsungen, Germany). The tail and
the tunnel handling techniques were compared. Tail-
handled mice were picked up by the tail base with the
thumb and the index finger and transferred from the
used to the clean cage. In order to transfer the mice
from the used to the clean cage with the tunnel,
the animal technicians held the clear polycarbonate
handling tube (130mm� 50mm, Datesand Group,
Stockport, UK) with one hand in the middle close to
the bedding. Either both ends of the tunnel were open
or the hand loosely closed one of the tunnel ends. If
the mice did not voluntarily enter the tunnel, they
were gently guided with the other hand into the
tunnel. The tunnel was lifted either with both ends
closed or with open ends. The first option was pre-
ferred if there was a risk that the mice may jump out
of the tunnel during cage changing.

Cage change, time measurement and
observation workflow

The cage change process including the behavioural
observation, time measurement and documentation
was strictly standardized and took place at the begin-
ning of the working day before 12:00 h

The clean cage was placed on a working table. The
animal technicians took the used cage from the rack
and opened it next to the clean cage, which was fol-
lowed by a 15-s observation period and documenta-
tion. The mouse house and grid were transferred to
the clean cage.

The timer was started and all mice of one cage were
transferred to the clean cage by tunnel or tail, where-
upon the timer was stopped. While cage changing, the
animal technicians observed the mice during capture
and after release to investigate their behaviour in antic-
ipation of being handled and after this process. The
health inspection was made either in the cage and
while lifting the mouse by the tail or in the clear
tunnel. After all mice were transferred to the clean
cage, the time and observations were immediately docu-
mented. The documentation process lasted approxi-
mately 20 s. Then all mice were monitored in the clean
cage for another 15 s and the observations were docu-
mented. Finally, the grid was closed and the clean cage
was returned into the rack.

For further analysis, the mean duration for the
transfer of one mouse per cage was calculated by divid-
ing the measured transfer time of a mouse group in a
cage by the number of mice in the cage.

Documentation

Behavioural observations and time expenditure for the
cage change process were documented in a standard-
ized form with defined options to choose at the above-
described time points.

1. Behaviour in the used cage; number of animals, that:
a. are located in the nest/house;
b. explore the cage attentively;
c. freeze;
d. move fast to the nest/house;
e. move fast in the cage;
f. jump.

Table 1. Number of mice analysed per week and strain with respect to the handling technique. Week 1 is the week of
weaning.

Hello Kitty NZW WNK Total

Week Tunnel Tail Tunnel Tail Tunnel Tail Tunnel Tail

1 18 24 20 26 27 35 65 85
2 15 24 22 23 27 35 64 82
3 17 21 24 22 27 35 68 78
4 17 21 24 26 27 35 68 82
5 17 11 24 22 27 35 68 68
6 17 4 24 22 27 21 68 47
7 17 9 20 26 14 18 51 53
8 17 8 24 26 8 12 49 46
9 17 8 19 26 7 12 43 46
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2. Behaviour during capture; number of animals
showing:
a. defecation;
b. urination;
c. vocalization;
d. jumping;
e. voluntary contact to the animal technician’s hand
(i.e. the animals approached the tunnel or hand);

f. for tunnel handling only, voluntarily enter the
tunnel, more than one animal in the tunnel.

3. Health condition; number of animals and descrip-
tion of wounds or abnormalities.

4. Behaviour after all animals were released into the
clean cage; number of animals, that:
a. are located in the house;
b. explore the cage attentively;
c. freeze;
d. move fast in the cage;
e. jump.

The transfer of one mouse from a used cage to a
clean cage at one time point is referred to as one cage
change event. In terms of one week, the number of cage
change events coincides with the number of animals
listed in Table 1. Over the observation period 544
tunnel cage change events and 587 tail cage change
events were documented, that is,152 tunnel- and 130
tail-events for Hello Kitty, 201 tunnel- and 219 tail-
events for NZW, and 191 tunnel- and 238 tail-events
for WNK.

Statistics

Data were stored in an MS ExcelVR sheet (version 2016)
and analysed in IBMVR SPSSVR Statistics (version 27).
The influence of week, strain, sex, duration of transfer
per animal, animal technician and method on the
number of animals exhibiting each behaviour was
examined using mixed regression models with Poisson
distribution. These models were analysed separately for
weeks 1–4 and weeks 5–9. Only behaviours that showed
variability between the methods and for which the sta-
tistical model converged were investigated. Therefore,
the following behavioural parameters were not ana-
lysed: move fast in the cage, freeze, jumping, urination,
vocalization, voluntarily enter the tunnel, and more
than one animal in tunnel. The cage was included in
the model as a random factor. All variables, including
the interactions between strain and method, as well as
between animal technician and strain, were used as
influence factors in all models. For the exploration in
the used cage, the interaction between week and strain
was also included because descriptive data gave reason.
For some target variables, a mixed model could not be

run because the convergence criteria were not met: nest

residence in used cage, defecation during capture, vol-

untary contact to hand, defecation in clean cage). Here,

the random factor ‘cage’ was removed from the model,

which may have resulted in an overestimation of the

effects. The influence of week and strain on the dura-

tion of conversion was examined for the ‘tunnel’

method using a mixed linear model with cage as a

random factor. Post-hoc comparisons were corrected

using Bonferroni’s method. Model fit of each model

was tested with visual inspection of normality and

homoscedasticity of residuals. Odds ratios (ORs) as

well as 95% confidence intervals (95% CIs) were cal-

culated as well. The global p values are indicated in the

results section; the individual p values (comparison

with reference category) can be found in the

Supplementary material online).

Results

The study was carried out over 10 months. Over

a period of nine weeks, a maximum of 150 mice

(week 1) to aminimum of 89 mice (week 9) were kept

in 40 (week 1) to 26 (week 9) cages. Fifty-six mice had

to be transferred to an experimental animal facility

between week 2 and week 9. Four animals were trans-

ferred to breeding cages, which were not part of our

analysis; one mouse had to be humanely killed because

of uncontrolled growth of incisors. Mice were handled

once a week during routine cage changes with the

respective handling techniques. Time consumption

and behavioural observations were documented con-

sidering the handling technique. Each transfer of one

mouse from a used cage to a clean cage by tunnel or tail

was analysed as one cage change event.

Transfer time

The duration to transfer a mouse from the used cage to

the clean cage was compared concerning tail handling

and tunnel handling in the different mouse strains

(Figure 1). Tunnel handling was always more time con-

suming than tail handling. The duration of tail han-

dling was not significantly different over time in all

strains and between strains. The time period needed

for the cage transfer by tunnel handling was not signif-

icantly different over time in the Hello Kitty and WNK

mice. Time consumption decreased over time in NZW

mice. Transfer by tunnel handling took longer in Hello

Kitty than in NZW and WNK mice.

Nest residence in used cage

In weeks 1–4, significantly more tunnel-handled NZW

mice were sitting in the nest in the used cage before
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Figure 1. Transfer duration for (a) Hello Kitty, (b) NZW and (c) WNK mice. Data are shown as mean and 95% confidence
interval.
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mice were transferred to the clean cage (p¼ 0.004,

OR¼ 45.5, 95% CI 3.4–500.0).
From week 5 to week 9, the number of animals in

the nest had a significantly increasing effect on the

duration of transfer (p¼ 0.025, OR¼ 1.282, 95% CI

1.032–1.593), independent of the handling technique.
In weeks 5–9, fewer animals were in the nest in

weeks 5–8 compared with week 9 (p< 0.032). In addi-

tion, the duration of transfer increased significantly

with the number of animals in the nest (p¼ 0.009).

House residence in used cage

For the number of animals sitting in the house in the

used cage in the first four weeks, there was a significant

effect of week (p< 0.001) and the interaction between

strain and method (p¼ 0.039) as well as between strain

and animal technician (p¼ 0.033) (Figure 2(a)).

Animals from strain WNK were found to sit signifi-
cantly more often in the house than NZW (p< 0.001,
OR 45.5, 95% CI 4.7–500.0) and more often than Hello
Kitty (p¼ 0.365, OR 3.2, 95% CI 0.3–41.7). The
number of animals in the house decreased over time
from 3.3 at week 1 to 2.2 at week 4. Tail-handled ani-
mals were also more than four times (Hello Kitty,
OR¼ 4.918, p¼ 0.049) or 12 times (NZW, OR¼ 12.4,
p¼ 0.018) as likely to sit in the house as tunnel-handled
animals. But, for WNK, the chance to sit in the house
was higher for animals with tunnel handling (OR¼ 2.2,
p¼ 0.185) (Figure 2(a)).

In weeks 5–9, a longer duration of transfer was asso-
ciated with an increased number of animals in the
house. In NZW mice, significantly more animals were
in the house when tail-handled compared with tunnel
handling (p¼ 0.002, OR¼ 11.6, 95% CI 2.4–55.9).
Animal technician as well as the interaction between

Figure 2. Number of mice located in the house in the (a) used cage and (b) clean cage. Data are shown as mean and 95%
confidence interval.

Hohlbaum et al. 557



strain and animal technician was also significantly

associated with the house residence.

Exploratory behaviour in the used cage

Figure 3(a) illustrates that the exploratory behaviour,

which was documented as ‘explore the cage attentively’,

in the used cage increased significantly from week 1 to

week 4 (p< 0.001), with significant differences of weeks

1 and 2 compared with week 4 (p< 0.001 each). Strain

and animal technician also significantly influenced the

exploratory behaviour (p< 0.001 each). While NZW

and WNK mice had similar values, Hello Kitty

showed significantly less exploratory behaviour

(p¼ 0.002).
In the weeks 5–9, there were also significant differ-

ences between the weeks (p¼ 0.033) and the duration of

transfer was associated negatively with the number of

animals that explored the used cage (p¼ 0.038). In the

strain NZW, tunnel-handled animals showed signifi-

cantly (p< 0.003, OR¼ 8.4) more often exploring

behaviour, while in the other two strains, this effect

was not significant.

Moving fast into the house or nest in the
used cage

There were no significant effects of any investigated

factors on the observation that the mice moved fast

into the house.

Voluntary contact to hand at capture

In weeks 1–4, only three of 169 tail-handled Hello Kitty

mice did voluntarily contact the hand of the animal

technicians during capture, while NZW (18% tunnel

Figure 3. Number of mice showing exploratory behaviour in the (a) used cage and (b) clean cage after all mice of the
group had been transferred. Data are shown as mean and 95% confidence interval.
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handling, 2% tail handling) and WNK (0 tunnel
handling, 2% tail handling) were seeking contact
(Figure 4). Due to the zeros in the data, confidence
intervals of statistical tests were not meaningful and,
thus, are not presented here.

In weeks 5–9, method, strain and their interaction
were strongly associated with the voluntary contact to
the animal technician’s hand at capture (p< 0.001 each;
Figure 4). While Hello Kitty (5% of animals tunnel
handling, 0% tail handling) and WNK (3% tunnel han-
dling, 12% tail handling) had rather low values, NZW
mice had strongly more contact to the hand with the
tunnel method (57%; tail handling 16%). Significantly
higher values for the tunnel method could be detected
for NZW (p< 0.001). Week (p¼ 0.003) had also signif-
icant effects on the voluntary contact to the hand with
increasing values from week to week.

Defecation during capture

Strain (p< 0.001), method (p< 0.001) and duration of
transfer (p< 0.001) were associated with the number of
animals that defecated during capture in the first four
weeks (Figure 5(a)). The tail-handled animals had
a 17.7 times higher risk of defecation than the
tunnel-handled ones (p¼ 0.011, 95% CI 1.9–162.8).
Significantly fewer Hello Kitty animals defecated
during capture than NZW animals (p¼ 0.015).

In weeks 5–9, it was found that method (p¼ 0.009),
week (p¼ 0.005), strain (p¼ 0.004), sex (p< 0.001) and
also duration of transfer (p¼ 0.009) had significant
influence on the probability of defecation. Animals
transferred by tail handling had a 2.0 times higher
risk of defecation than those with tunnel handling
(95% CI 0.1–35.4). Hello Kitty mice were least likely
to have faecal droppings (OR <0.1 compared with

WNK), while NZW mice were most likely to have

faecal droppings (OR 3.8, 95% CI 0.4–35.8 compared

with WNK, p¼ 0.240). The probability of defecation

increased significantly with the duration of transfer, by

a factor of 1.6/s (p¼ 0.002, 95% CI 1.2–2.3). Although

the values between the weeks differed significantly from

each other formally, no clear trend could be detected.

Defecation in clean cage

There were no significant effects of any of the investi-

gated factors to defecation in clean cage (Figure 5(b)).

House residence in the clean cage after all
mice from a group were transferred

After all mice of a group were transferred to the clean

cage and the transfer process was documented, some

mice were in the house in the clean cage. While this was

only rarely the case in WNK mice in the first four

weeks, more Hello Kitty and NZW mice were in the

house, and for NZW mice, tail handling increased this

behaviour compared with tunnel handling 17.3 times

(p¼ 0.002, 95% CI 2.9–102.23; Figure 2(b)). Tunnel-

handled Hello Kitty had 1.156 times higher chance to

show this behaviour than tail-handled ones (p¼ 0.763).

The occurrence of this behaviour decreased over time

(p< 0.001), with significant differences between weeks

1 and 2 (p¼ 0.001) and weeks 3 and 4 (p¼ 0.051).
Compared with week 9, significantly more animals

were sitting in the house in the clean cage than in weeks

5–8 (p¼ 0.035). It also became evident that in weeks

5–9, more Hello Kitty animals were sitting in the house

than mice from the other strains (p< 0.003 WNK,

p¼ 0.004 NZW).

Figure 4. Voluntary contact to the animal technician’s hand when being captured. Data are shown as mean and 95%
confidence interval.
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Exploration in clean cage after all mice from
a group were transferred

After all animals were transferred to the clean cage and

the transfer process was documented, the behaviour of

the animals was monitored again. In weeks 1–4, the

exploration increased significantly over the weeks

(p< 0.001).
Even in weeks 5–9, there was a significant increase

from week to week concerning the exploration of the

clean cage (p¼ 0.028). Fewer Hello Kitty animals

explored the clean cage than mice from the other

strains (p¼ 0.003 WNK, p¼ 0.004 NZW).

Discussion

When introducing tunnel handling in a breeding unit of

the FEM where the strains WNK, NZW, and Hello

Kitty were kept, the feasibility for the animal techni-

cians and the effects of this technique on the behaviour

of the mice were examined over a period of nine weeks.
The behavioural parameters were found to be affect-

ed differently in the three strains and were partially

associated with the time to transfer the mice from the

used to the clean cage.
Over all strains, tunnel handling decreased defeca-

tion while being captured when compared with tail

handling. Since defecation is an indicator for stress,

the data suggested that tunnel-handled mice experi-

enced less stress. Although this study did not involve

regular tunnel handling training several times a week as

reported in other protocols, this is in line with previous

studies demonstrating that defecation was observed in

fewer handling sessions when a tunnel was used instead

of picking the mice up by the tail.1,13 This effect can

Figure 5. Defecation observed (a) while being captured in the used cage and (b) after release in the clean cage. Data are
shown as mean and 95% confidence interval.
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even be amplified by positive reinforcement training.
When cup-handled mice, that were trained by positive
reinforcement, were restrained by the scruff, they def-
ecated less than their untrained counterparts.14

However, a closer look at the strain Hello Kitty
revealed that fewer animals of this strain defecated
during capture in comparison with NZW and WNK
mice. Therefore, the relevance of this parameter in
Hello Kitty mice may be questioned.

The voluntary interaction of the mice with the
experimenter’s hand was investigated in various
mouse handling-related studies, revealing a higher
interaction time after tunnel than tail handling.1–3

The voluntary interaction can give hints about the
‘anxiety-related behaviour in anticipation of han-
dling’.1 In the present study, the voluntary interaction
was examined as a binary outcome (i.e. contact/no con-
tact) instead of a duration of time because the routine
cage change process should not be prolonged. Since the
contact rate increased over time in the late study phase
from weeks 5 to 9, the mice seemed to be less anxious in
anticipation of handling and to habituate to the han-
dling process. Gouveia and Hurst also demonstrated a
higher voluntary interaction of tunnel- and cup-
handled over several handling sessions, with a relatively
high interaction time in mice picked up with a tunnel
after the first handling session.3 A clear effect of the
handling method was found only for NZW, with higher
voluntary contact in the tunnel-handled in comparison
with the tail-handled mice. Results of the other strains
were ambiguous because the contact rates generally
were low and no significance was found.

The residence in the house was investigated at two
points in time, that is, before and after handling. This
behaviour was considered as seeking a safe place and
hiding from the animal technician when the animal
anticipated being handled or after it had the experience
of handling. Nevertheless, the animal technicians could
not differentiate whether the mice in the house in the
used cage were sleeping or awake. In all strains, the
predicted number of mice hiding in the house at both
time points decreased in the late phase (weeks 5–9) in
comparison with the early phase (weeks 1–4). This may
indicate that the animals habituated to the process of
being handled to a certain extent and perceived it as
less aversive over time. In NZW, tunnel-handled mice
were less often observed in the house than tail-handled
mice at both time points, suggesting that tunnel han-
dling was associated with less negative effects. A lower
occurrence of house residence was also found in tunnel-
handled Hello Kitty, although this effect was only pre-
sent before handling in the early phase; in the late
phase, both tail- and tunnel-handled mice showed this
behaviour less often and did not significantly differ
from each other. The same applied to Hello Kitty

after handling and WNK at both observation times:
fewer mice were found in the house in the late when
compared with the early phase, independent of the han-
dling method. Accordingly, both handling methods
had a comparable habituation effect in these cases
with regard to the parameter ‘house residence’.

The parameter ‘nest residence’ in the used cage was
influenced by the handling method in NZW mice and,
independent of the strain, the predicted number of mice
sitting in the nest was lower in weeks 5–8 compared
with week 9. Assuming that the mice were resting in
the nest when the animal technician removed the cage
from the rack and opened it, mice staying in the nest
instead of leaving the nest and hiding in the house may
be considered as less anxious in anticipation of being
handled. Against this background, the results of this
parameter may indicate that, in weeks 1–4, tunnel-
handled NZW mice may show less anxiety-related
behaviour before being handled than their tail-
handled counterparts. Since the mice became increas-
ingly familiar with the handling process, a higher
number of mice were observed sitting in the nest in
week 9. Exploratory behaviour was also observed
before and after handling in the used (familiar) or
clean (unfamiliar) cage. In the documentation, explor-
atory behaviour was distinguished from flight behav-
iour (i.e. moving fast). In contrast to hiding in the
house, exploratory activity was considered to be asso-
ciated with lower levels of anxiety-related behaviour.
Previous studies revealed that the use of tunnels
decreased anxiety-related behaviour in the open field
test or elevated plus maze test when compared with
tail handling.1,4,5 The increase of exploration over
time before and after handling may be explained by
the habituation effect. A habituation effect was also
observed with regard to the time-dependent increase
in voluntary contact with the animal technician’s
hand and the house residence. The animals became
increasingly familiar with the process of handling. In the
late phase, this effect was the strongest in tunnel-handled
NZW showing higher exploration before handling when
compared with their tail-handled counterparts. After han-
dling, the method was not found to have a significant
effect on this parameter. However, to draw conclusions
on strain-specific effects of the handling methods on
anxiety-related behaviour, additional validated behaviour
tests should be carried out.

The time factor usually is a critical issue that is dis-
cussed when replacing the traditional tail handling
technique with tunnel handling.8 There are concerns
that tunnel handling will increase time and financial
costs.7,8 Therefore, in the present study, the time to
transfer the animals from the used to the clean cage
was measured. Indeed, it took the animal technicians
approximately 3 s longer per mouse when using
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the tunnel. Depending on the strain, they became faster

over time, at least in NZW mice that may have habit-

uated better to being handled by the tunnel than the

other strains. Doerning et al. also reported tunnel han-

dling to take longer time than picking the mice up by
their tail.15 It must be considered that, in the present

study, the animals were handled by animal technicians

with more than 10 years of experience who may have

better skills in handling mice than inexperienced animal

technicians. Therefore, it is conceivable that the time

difference in the transfer time might be higher if per-
sons with less experience handled the animals.

Moreover, it must be taken into account that, in the

present study, the animal technicians were used to tail

handling but only basic-trained to tunnel handling at

the beginning of the study and, therefore, required

more time to pick up the mice with a tunnel. If they
had already been familiar with tunnel handling for a

longer period, they may have required less time apply-

ing this method. Nevertheless, this effect should not be

overestimated. The observation of transfer time and

behaviour was carried out over a period of several

months, that is, the technicians were familiar with
tunnel handling during later phases of the study. In gen-

eral, the learning process of the animal facility and sci-

entific staff would be circumvented if non-aversive

handling methods was part of their education.8 In an

international survey on mouse handling techniques, a

few participants even stated that tunnel handling was

faster and/or more efficient than tail handling7. The
time difference between the handling methods detected

in the present study was a few seconds. However, the

staff of animal facilities is concerned that this amount of

time could ‘result in a significant overall increase in the

time required to process large numbers of cages’.7 This

issue of additional labour, time or costs has to be calcu-

lated and discussed for each individual case, considering
the benefits of tunnel handling to animal welfare and

scientific quality.
The data analysis revealed that the transfer time

depended on the strain and was associated with the

residence in the nest or house and the exploratory
behaviour in the used cage. The more animals were in

the nest or house, the longer the transfer time. In con-

trast, the number of mice exploring the used cage was

negatively associated with the time required to transfer

the animals. These observations can be attributed to

the fact that mice exploring their environment may

have a higher tendency to explore and enter the
tunnel than those sitting in the nest or house. It must

be noted that the house/nest was removed from the

cage before the animals were transferred so that

the house itself cannot be the reason for the higher

transfer time.

Interestingly, a longer transfer time was also associ-
ated with higher defecation (i.e. higher stress levels),
which may be interpreted in two ways. A longer lasting
handling process may increase the stress levels of the
animals. Against the background that tail handling
generally caused more defecation than tunnel handling,
long-lasting tail handling sessions induced the highest
defecation rate. Vice versa, it may take the animal tech-
nicians longer to handle and transfer mice with elevat-
ed stress levels.

The main limitations of this study were that the
animal technicians handling the animals and collecting
the data were not blinded. Blinding the handler did not
appear to be possible. The data collection could have
been blinded if the handling process had been video-
recorded. Since, however, the study was carried out
during routine husbandry procedures, video recordings
would have disrupted the animal technicians’ workflow
and therefore were not made. For the same reason, the
animals were only monitored in their home cage and no
additional behavioural tests were performed. Therefore,
further advanced behavioural tests would be needed to
confirm the present data. Since, to the knowledge of the
authors, there are no behavioural phenotyping studies
comparing the three mouse strains investigated or pro-
viding a detailed behavioural profile of them, the strain-
specific findings of the present study cannot be discussed
against the background of such studies.

Another limitation of the present study may be the
age of the mice, since handling and observations
started from weaning at the age of approximately
three weeks to a maximum of 12 weeks after weaning.
In this period, the physiology and behaviour of the
mice can be influenced by the weaning process and
the transition from infancy to adolescence. Mice
older than 12 weeks may respond differently (or more
clearly) to tunnel handling and tail handling with
regard to the parameters investigated in this study.

Conclusion

Tunnel handling was implemented in a mouse breeding
facility during routine husbandry which included
weekly handling of the mice for cage changes. The
impact of the handling techniques on the behavioural
parameters investigated in the present study was strain-
specific. All parameters suggested that NZW mice
benefited the most from tunnel handling. The results
obtained from Hello Kitty and WNKmice were ambig-
uous, which may suggest that a brief handling session
during the cage clean may have not been sufficient to
habituate the mice of these strains to the process of
handling. Nevertheless, it was possible to use the
tunnel in all three mouse strains. Whether the benefits
of non-aversive mouse handling outweigh the amount
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of additional time expenditure must be considered
against the background of related studies on tunnel
handling. Since there are hints for slight strain differ-
ences in the responses to tunnel handling, it may be
worth encouraging researchers to report their experien-
ces with tunnel handling along with their research
articles or other platforms such as Norecopa’s
Refinement Wiki (https://wiki.norecopa.no).
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La manipulation en tunnel mise en œuvre dans un �etablissement d’�elevage de souris
r�ev�ele des r�eponses comportementales sp�ecifiques à la souche
R�esum�e

La manipulation en tunnel a �et�e introduite dans une unit�e d’une grande installation d’�elevage de souris en
Allemagne comprenant trois souches de souris consanguines comme �etape vers la mise en œuvre de
techniques de manipulation non aversive. Pour �evaluer si la manipulation en tunnel serait faisable pour
les techniciens animaliers dans le cadre de leur travail quotidien et b�en�efique pour les souris lorsqu’elles
sont manipul�ees pendant le changement hebdomadaire de cage uniquement, le comportement d’animaux
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des deux sexes manipul�es en tunnel et attrap�es par la queue a �et�e examin�e avant, pendant, et apr�es une
manipulation sur une p�eriode de neuf semaines. Le temps pass�e a cette manipulation a �egalement �et�e
compar�e entre les deux techniques.
Il a �et�e possible d’utiliser le tunnel avec les trois souches de souris. L’impact des techniques de manipulation
sur les param�etres comportementaux �etudi�es dans la pr�esente �etude �etait cependant sp�ecifique à la souche.
Tous les param�etres comportementaux sugg�erent que les souris NZW ont le plus b�en�efici�e de la manipu-
lation en tunnel. Les r�esultats obtenus chez les souris Hello Kitty et WNK �etaient ambigus, ce qui peut
sugg�erer qu’une br�eve s�eance de manipulation pendant le nettoyage de la cage n’a peut-être pas �et�e
suffisante pour les habituer au processus de manipulation. Il a fallu aux techniciens animaliers environ
trois secondes de plus par souris lors de l’utilisation d’un tunnel.
Les r�esultats propres à chaque souche devraient encourager les chercheurs à partager leurs exp�eriences
des techniques de manipulation non aversive avec diff�erentes souches de souris, par exemple, par leurs
articles de recherche.

Bei der Einführung des Tunnelhandlings in einer Mauszuchtanlage zeigten sich
stammspezifische Verhaltensreaktionen
Abstract

Zur Einführung nicht-aversiver Handlingstechniken in einer großen Mauszuchtanlage in Deutschland wurde
das Tunnelhandling zun€achst in einer Zuchteinheit mit drei Inzuchtmausst€ammen implementiert. Um fes-
tzustellen, ob das Tunnelhandling für die Tierpflegenden in ihrer t€aglichen Arbeit durchführbar und für die
M€ause von Vorteil ist, wenn sie nur w€ahrend des w€ochentlichen K€afigwechsels gehandelt werden, wurde das
Verhalten Tieren beider Geschlechter, die mit dem Tunnel oder am Schwanz gehandelt wurden, vor, w€ahrend
und nach dem Handling über einen Zeitraum von neun Wochen untersucht. Außerdem wurde der Zeitaufwand
zwischen den beiden Handlingstechniken verglichen.
Bei allen drei M€ausest€ammen war es m€oglich, den Tunnel zu benutzen. Die Auswirkungen der
Handhabungstechniken auf die in dieser Studie untersuchten Verhaltensparameter waren jedoch stamm-
spezifisch. Alle Verhaltensparameter deuteten darauf hin, dass NZW-M€ause am meisten vom Tunnelhandling
profitierten. Die Ergebnisse von Hello Kitty- und WNK-M€ausen waren uneindeutig, was nahelegen k€onnte,
dass eine kurzzeitige Handhabung w€ahrend der K€afigreinigung nicht ausreichte, um die Tiere dieser St€amme
an den Vorgang des Handlings zu gew€ohnen. Bei der Verwendung eines Tunnels brauchten die
Tierpflegenden etwa drei Sekunden l€anger pro Maus.
Die stammspezifischen Ergebnisse sollen Wissenschaftlerinnen und Wissenschaftler dazu anregen, über
ihre Erfahrungen mit nicht-aversiven Handhabungstechniken bei verschiedenen Mausst€ammen zu berichten,
z. B. im Rahmen ihrer wissenschaftlichen Publikationen.
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