Animal Technology and Welfare

August 2026

Say no to germs, say yes to enrichment:
welfare implications of enrichment for

germ-free mice

ASHLEY DAY
University of Cambridge

Correspondence: add45@cam.ac.uk

Introduction

At the University of Cambridge’s germ-free unit, the
Animal Technicians play a crucial role in animal husbandry
and daily welfare. A review of enrichment practices
identified areas for improvement. The main goal was to
change the type and use of enrichment.

Newly introduced environmental and dietary enrichment
aim to create a more natural, engaging and diverse
environment, potentially improving health, expression
of natural behaviour, and improved breeding success.
This study examined the impact on health and welfare
when new enrichment types were introduced on a
rotational basis. Outcomes proved to be mixed. What
began as a broad aim to improve welfare became a
more focussed study on breeding and how the cage
environment relates to physiological traits in germ-free
mice.

Method

To adhere to the 3Rs’ principles, environmental enrichment
was validated through a two-stage process. Stage 1
involved non-animal validation and stage 2 involved
animal-related validation. Early-stage failures in sterilisation
were identified and corrected without direct impact on
the mice.

Stage 1: enrichment materials were sterilised inside
autoclave drums with self-contained biological indicators
and then processed within a class Il microbiological
safety cabinet. Samples were subsequently incubated
and examined for contamination.

Stage 2: upon successful sterility confirmation from
stage 1, the sterilisation process was replicated and
enrichment items were introduced to the mice. Iltems
were swabbed upon isolator entry for external testing.
After seven days, faecal and environmental samples
were collected for further analysis through a mixture of
Deoxyribonucleic acid (DNA) polymerase chain reaction
(PCR) and yeast casitone fatty acids agar (YFCA) plates.

Commercially available dietary gels primarily focus on
providing nutritional support or hydration which germ-
free mice could also benefit. Mice were split into 4
groups, a control group, a group with diet gel, a group
with hydro gel and a group with both gel types. All testing
groups showed no sign of contamination or physiological
impact because of diet when compared to the control
group. Diet gels were irradiated at 50 kilygray (kGy)
which is double the standard 25 kGy, triple-bagged,
vacuum-sealed and introduced into the facility through
a vaporised hydrogen peroxide (VHP) chamber. Upon
isolator entry, outer bags were sequentially removed,
followed by 70/30 denatured ethanol and peracetic
acid sterilisation. Faecal samples were tested again for
contamination using DNA PCR.
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Image A -
control setup

This layout remained unchanged except during cleanouts behaviours are hypothesised to be associated with an
when the nest pack was replaced. Mice, especially newly increased risk of caecal torsion. The ground-level tunnel
weaned ones, had to stretch to access the food hopper also trapped faeces and became dirty quickly.

encouraging frequent climbing and hanging. These

Image B -
improved
vertical design

This layout optimises vertical space with a raised tunnel are minimal risk for adults, they can be hazardous to
and platform. Elevated structures reduce climbing and pups or neonates. Raising the tunnel also limits faecal
hanging by breaking up space along the cage grid and accumulation seen in image A set up.

help prevent flood-related risks. While water bottle leaks

Image C -
targeted
enrichment
A raised platform near the hopper supports food access Variation in cage layout in this case is thought to be
for newly weaned mice. This setup highlights the benefit linked to improved welfare, potentially reduced risk of
of rotating enrichment to maintain novelty whilst also caecal torsion and better breeding outcomes.

accommodating specific needs of juveniles (Bayne, 2018).
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Results
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Comparison & Gender Breakdown Of Swollen Abdomens
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Findings at a glance

Total cases of abdominal swelling resulting in humane
killing decreased from 36 in 2022/23 to 15 in
2023/24 when the enrichment was introduced in
June 2023.

— The reduction was more prominent in males (90%)
than it was in females (7%).

— The smaller decline in females is theorised to relate
to pregnancy-related strain on the body. One example
being the increased size of the caecum alters the
placement of the uterus during pregnancy. This can
impact mobility.

— Litter rate per breeding pair increased from an
average of 1.15 to 2.12 litters.

— Arise in total litter losses (TLL) from 6.7% to 12.5%
indicates there is a correlation between litters born
and TLL.

— Based on visual observation, mice showed a
preference for mixed nesting.

— All new nesting and dietary enrichment looked to
remain germ-free, with no contamination detected.

— The new diet had no observable impact on gastro-
intestinal health.

Caecal anatomy

In the context of microbiome research, germ-free mice
are often used to study the effects of gut microbiota on
health. This microbiome plays an essential role in the
development and maintenance of healthy gut structures.
The caecum is a part of the colon involved in fermentation
and digestion. Germ-free mice cannot undergo this
normal fermentation process which causes the caecum to
become distended. The image below the typical anatomy
of a non-germ-free mouse. Circled is the caecum. In a
germ-free mouse this structure could take up as much
as five times the space compared to that of a specified
pathogen free SPF mouse.

It is likely that every research/animal use review
committee in the world currently gives some
consideration to environmental enrichment. We have
come a long way but we are not there yet!

— Thomas L. Wolfle 2005
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