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Abstract
The Animal Welfare assessment grid (AWAG) is a cloud 
based online tool designed to assess and monitor the 
welfare and cumulative lifetime experience of animals. 
It has been successfully used to monitor the wellbeing 
of animals from an experimental, zoological, farm or 
pet background. No previous studies have reported the 
use of this method for monitoring the welfare of rodent 
species housed in laboratory settings. This project was 
designed to evaluate the applicability of AWAG in rodent 
species undergoing procedures commonly performed in 
animal research facilities. AWAG was able to capture 
physical, psychological, environmental and procedural 
parameters of rodents in genetically modified mice 
in different strains of mice and rats and following 
catheterisation and self-administration as well as following 
headpost surgery. Overall, AWAG scores were relatively 
low in our studies, even following highly invasive 
surgery. Transient fluctuation in AWAG scores in certain 
parameters were detected in response to change in 
housing conditions (single/group), cage cleaning, water 
and food restriction. The results described in this paper 
demonstrate that the AWAG has been successfully 
applied for rodent species in a laboratory setting and is 

effective at capturing the welfare of animals undergoing 
experimental procedures, including genetically modified 
breeding and experimental procedures, in a structured, 
controlled and visually represented way. This paper 
describes how the AWAG system has been applied to 
studies involving food restriction, surgery and breeding 
in rodents and considers how the AWAG can be used 
more widely and effectively in larger laboratory facilities 
to assist with 3Rs (reduction, refinement and replacement) 
strategies and further improvements in Animal Welfare 
practices. 

Introduction 
The Animal Welfare assessment grid (AWAG) is a web-
based programme which can be used to score and input 
data to help monitor the welfare and cumulative lifetime 
experience of animals. To date the model has been used 
to monitor the quality of life of macaques involved in 
infectious disease studies,1 guinea pigs housed under 
different biocontainment strategies,2 animals housed in 
zoos,3,4,5,6 in veterinary clinics7,8,9 and livestock research 
studies.10 However, this is the first study to apply the 
AWAG model to small laboratory animals such as 
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rats and mice. Rodents (rats and mice) are the most 
frequently used animal model in biomedical research 
testing in the United Kingdom (UK), being used in 70% 
of all in vivo experimental procedures and encompass 
86% of genetically altered animals created and bred 
for biomedical research purposes in 2023.11 The use 
of these species is due to their similar physiology to 
humans, with rodents (rats and mice) sharing 95% of the 
human genome.12 In addition, technological advances 
in genetics in the last 30 years have made genetic 
manipulation in these species relatively easy, especially 
in mice. When regulated procedures are performed on 
animals it is important for them to not to suffer poor 
welfare, since in addition to ethical and legal reasons, 
studies have shown that poor welfare can impact on 
the accuracy and reproducibility of the data of scientific 
experiments.13,14,15 The application of the AWAG to 
monitor rodent laboratory species will help researchers 
and Animal Technologists in assessing and refining the 
impact of experimental procedures on different aspect 
of animals’ welfare. It will provide key information which 
will help assess the harm/benefit analysis required by 
funders and by regulators such as the Home Office in 
the UK. In addition, it will help in refining the humane 
endpoints to be applied to minimise suffering.16,17

Protection of animals used for 
scientific purposes
As defined in UK legislation18 (Animal (Scientific 
Procedures) Act 1986) (ASPA) and the EU Directive 
2010/63, all adult vertebrates (excluding humans) 
are classed as protected species. Any scientific use 
of a protected species (including rats and mice) which 
causes any amount of distress, harm or suffering 
greater than a needle injection is classed as a regulated 
procedure. In the UK, those proposing the conduct 
of regulated procedures must apply the principles of 
replacement, reduction and refinement (3Rs) when 
applying for Home Office Project Licences (PPL) which 
allow the use of protected species in animal research 
studies and similar principles are applied in many other 
countries. 

The 3Rs have been considered the pillar of laboratory 
Animal Welfare worldwide since Russell and Burch’s 
publication in 1959.19 Application of these principles 
includes providing suitable enrichment that enables and 
encourages the animals to display natural behaviours. 
Not only does this minimise suffering and help 
researchers comply with the legislation, the introduction 
of the 3Rs has helped influence public opinion on the 
use of animals in science20 as well as improving the 
quality of research21,22 by reducing baseline stress, 
hence improving reproducibility and reliability of data 
produced in vivo.

How does the AWAG work? 
A key element of ensuring good welfare is to provide an 
environment that allows the animals to express their natural 
repertoire of behaviours as far as possible.23 Welfare 
assessment should therefore include consideration of 
the environment and the behaviour of the animals and 
not simply their physical condition. The use of AWAG1,24 
offers a schematic of parameters reflecting the five 
domains of Animal Welfare:25

1.	 nutrition

2.	 environment 

3.	 health

4.	 behaviour

5.	 mental state 

By monitoring the physical condition of the animal, its 
psychological condition, the quality of the environment 
and the procedures being carried out whether for 
scientific, veterinary or husbandry management. Each 
AWAG parameter consists of a group of different 
factors for example, body condition score, use of 
nesting material, impact of experimental procedures 
on animals’ behaviour and general wellbeing which 
contribute to a total score for each parameter (Table 1). 
Each of the factors is scored for individual animals or 
group of animals and factor profiles for each parameter 
can be adapted to make them more relevant for a given 
species or set of experimental circumstances. Scores 
are given from 1 to 10 (1 = good, 10 = bad) and each 
level of scoring is defined in the tool to reduce any inter-
observer variability that may otherwise occur between 
individuals using AWAG (see Table 2).

The AWAG records change in the state of an animal 
over time, allowing for predictive, retrospective or 
scheduled event monitoring and illustrates the duration 
of the components of suffering. The lifetime experience 
graph records cumulative welfare assessment (CWAS) 
and can be investigated at any time point to produce a 
grid showing the effect of the specific components of 
the domains of Animal Welfare, allowing the effect of 
specific refinements to be clearly evaluated. The grid 
includes contingent as well as direct suffering to reflect 
cumulative harms and allows an evaluation of the 
animal’s quality of life. It can demonstrate the welfare 
implications of research and the effect of refinements, 
both at the planning stage and when retrospectively 
assessing studies to ensure that the harm/benefit 
analysis remains to justify the work. This assessment 
method is a valuable tool for those tasked with ensuring 
ethical oversight as well as for those planning the use 
of, or monitoring of animals in research and facilitates 
dialogue between all parties. It is particularly applicable 
to animals used in long term studies. The use of a 
welfare assessment grid can be helpful in balancing 
some of the difficult decisions about the future of an 
animal, whether in research or other welfare context. 

Adaptation of the Animal Welfare assessment grid (AWAG) model to monitor laboratory rats and mice
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Behaviour of laboratory rodent 
species 
Laboratory mice and rats can exhibit behaviour very 
differently to their wild counterparts due to the different 
environments in which they live. For instance, in the wild 
male mice do not naturally cohabitate and are usually 
territorial towards each other.26 In study environments 
where littermates are usually housed in confined cages, 
aggression can occur. This can cause pain and injury 
which can lead to death as the mice cannot escape the 
confines of the cage.27 Interventions involving isolating 
the aggressor or victim may be useful in decreasing 
these behaviours. However it may also decrease welfare 
as individuals may exhibit symptoms of anxiety and 
depression.28,29 due to confinement in a cage on its own. 
Other behaviours which can be seen in laboratory species 
include abnormal repetitive behaviours which are also 
known as stereotypies.30 These involve the animals taking 
part repeatedly in activities such as bar mouthing, 
climbing and circling. Whilst some of these behaviours 
such as climbing have been described as natural,31 
others have been linked to environmental conditions32 
and mental conditions such as repetitive grooming 
linked to obsessive compulsive disorder (OCD) in mice 
and circling with psychomotor behaviour in response 
to psychostimulants and opioids33 and drug related 
disorders.34 As a result environmental complexity should 
be considered when assessing Animal Welfare. Behaviour 
has also been seen to differ among strains35 suggesting 
that abnormal behaviour presented by rodents is possibly 
genetic and not caused by its environment alone or may 
be an interaction of both. For the scenarios outlined above 
the AWAG can be used to identify and demonstrate this 
thus directing researchers to consider possibly different 
environments for different strains when assessing the 
welfare of these animals which can then be quantified 
for effectiveness.

Method 
Four different studies/groups were chosen to give a wide 
range of applications for Animal Welfare assessment. 
All data was collected from animals on studies or  
in breeding colonies authorised by appropriate PPLs 
approved by the Animal Welfare and Review Body (AWERB) 
at the University of Sussex. All experimental procedures 
were conducted in accordance with ASPA. 

−	 Animals were housed in conventional cages with 
temperatures and humidities being maintained 
between 21+/- 2oC and 40 to 70% humidity.

−	 Animals were provided with standard enrichment 
including chews, tunnels, forage mix (not in food 
restriction studies), nesting material and rodent 
houses (breeding animals). 

−	 Light cycles were 12H:12H light/dark and animals 
were fed a commercially available rodent diet (BK001).

Clinically relevant strains and studies involving major 
interventions were used to assess wellbeing over time 
or the impact of interventions that potentially increase/
decrease the AWAG score. Sample size varied for studies 
1 and 2. These were mice from stock cages rather than 
scientific experimental studies. In study 4, with a small 
number of rodents undergoing surgery the animals 
were recorded individually. Data was collected usually 
on a weekly basis by observing and scoring each cage 
and recording data on the AWAG accordingly (Figure 1). 
The observations were recorded by the same people 
which helped minimise variation in observer bias. As 
the data was collected, the AWAG tool plotted the 
data entry producing a grid showing the mean welfare 
score of each parameter and line graphs showing 
the cumulative Animal Welfare score (CWAS) for each 
study. Through collaboration with the researchers of 
the original studies, some retrospective data was also 
obtained to help with analysis which is stated in the 
appropriate results. The reasoning for each of the 
factors is presented in Table 1. Each of the factors is 
part of one of the 4 parameters (physical, psychological/
behavioural, environmental and procedural) and scores 
from 1 to 10. From 1 showing good welfare vs. 10 
meaning a significant impact of welfare on the animal (in 
some cases the death of that animal). It would be highly 
unlikely for an animal to reach a score of 10 in most 
factors as it would have been euthanised after reaching 
a defined humane endpoint.36 A score of 10 may be 
useful in some infectious agent studies where acute 
onset of debilitating clinical signs requires immediate 
euthanasia and AWAG can support the action taken. It 
will also indicate poor welfare of animals not covered 
by ASPA such as farm and domestic animals and can 
be used as a justification for euthanasia.16 The factors 
were tested on experimental study animals and breeding 
colonies for a minimum of two months to improve the 
accuracy of scoring and to provide an opportunity to 
refine the definitions of each factor as appropriate.

Figure 1. Welfare assessment grid at various time points. 

Psychological

Environmental

Physical

Procedural
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Table 1. The reasoning for choice of factor profiles for each rodent AWAG parameter. 

Parameter Factor Reasoning

Physical Activity Level Inactive rodents may be injured or ill, whilst hyperactive creatures may be 
showing stereotypical activity or stressed.

Body Condition 
Score (BCS)

Visual observation of animals based on the amount, or lack, of fat found 
in the different parts of an individual's body. Overweight animals may 
have an increased chance of heart disease or breathing problems, whilst 
underweight animals may die from malnutrition or infection.

Clinical Assessment Assessing the physical health of an animal. If they have a condition, it 
may impact on other factors or their welfare overall. Animals must not be 
suffering as part of the Five Domains (Animal Welfare Act 200637).

Faecal Changes Changes in frequency may indicate bowel or diet problems, whilst other 
substances such as blood or mucus could be a sign of major health issues.

Food/Water Intake Part of the Five Domains. If food and water is measured routinely, it can 
be used to detect whether an animal is eating or drinking healthily and 
intervene if not. Can also be used to note restriction of these substances 
during studies. (Animal Welfare Act 200637)

Psychological/
Behavioural

Behaviour As part of the Five Domains, animals should be able to express natural 
behaviours. Abnormal behaviours, such as stereotypies, could be a sign 
of stress or poor welfare. (Animal Welfare Act 200637)

Fear/Aggression If not acclimatised to handlers, aggressive and nervous behaviour may 
occur which can in turn cause stress. Long-term aggression towards 
conspecifics can cause stress or injury if not intervened.

Grimace Score A visual way of measuring pain through a rodent’s facial expressions: 
orbital tightening, nose/cheek appearance, ear and whisker positioning. 
Previous studies have used this as an intervention tool.38,39

Environmental Housing Measuring whether the cages met the Home Office Code of Practice for the 
rodents. This includes the environment (temperature, air quality, humidity) 
being sufficient for individuals. NC3Rs criteria was used to score with 
different factor profiles for rats and mice. (Animal Welfare Act 200637)

Nesting Nesting is form of enrichment for rodents as they spend a large amount 
of their time foraging for materials and building nests in the wild. It is 
important for shelter as well as conserving heat, particularly for new-born 
pups.

Noise Level Rodents are very sensitive to noise, having a larger hearing range than 
humans and being able to hear ultrasound. Prolonged noise may have a 
physical or mental effect on individuals.

Procedural Contingent Events Events that have occurred which may have impacted on the other factors 
and caused stress. For instance, an individual moving to a new enclosure 
or construction work in the facility which may cause a complete change of 
environment for the animal. Can help pinpoint reasoning behind changes 
in scores over time.

Husbandry 
Procedures

Measuring how an individual reacts during husbandry events, such as 
adding new food/water or cage cleans.

Study Procedures How invasive a study is and how an individual reacts to them. It can also 
be used to help refine studies by measuring welfare if factors are changed 
to a procedure.

Surgical Procedures How invasive a surgery is and how an individual reacts to them. Major 
surgeries with good recovery, can lead to good health, whilst those with 
poor recovery may lead to stress and other health problems.

Veterinary 
Procedures

Medication administered may cause side effects in an animal, which can 
change behaviour or worsen health.

Adaptation of the Animal Welfare assessment grid (AWAG) model to monitor laboratory rats and mice
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An example of the scoring is shown in table 2, each one 
is defined to reduce any variance between observers.

Figure 1 is a graphical representation of the AWAG output 
outlining scores for physical, psychological, environmental 
and procedural parameters is shown as diamond plots 
at different days. AWAG scores were based on scoring 
definition illustrated in table 2, ranging from 1 (nothing 
observed) to 10 (very severe clinical signs). The factors 
profile and reasoning of choice of factor profiles based on 
which AWAG parameters are based are seen in table 1. 
Important events (e.g. single housing, cleaning) annotated 
in the relevant graphs. 

Study 1: HSOD1-G93A vs. HSOD1-WT 
strains
The HSOD1-G93A (GA) strain of mice contains the SOD1 
gene mutation. The SOD1 is a 153 amino acid cytosolic 
antioxidant protein and transgenic mice with human SOD1 
gene mutation exhibits high degree of neuroinflammation 
which usually presents as paralysis of one or both hind legs 
and decreased life expectancy. In humans this is linked to 
the formation of amyotrophic lateral sclerosis (ALS).40 Mice 
were housed in breeding pairs/trios and group housed 
after weaning with mice occasionally being individually 
housed due to aggression between cage mates. Generally 
cleaning activities were performed early in the week and 
in February 2022 there was some disruption due to 
general painting works in the facility corridors. Mice of 
both sexes were observed in breeding cages and stock 
cages from three weeks old. After weaning, mice with 
certain genotypes were given a mashed supplementation 
diet (soaked BK001 food pellets), to ensure that they 
were not dehydrated with muscle wasting and paralysis 
potentially starting in later in life at around four months 
of age.41 The AWAG was recorded for HSOD1-G93A and 
compared to control HSOD1-WT mice (wild type). 

Study 2: C57BL/6J vs. CRL:CD1(ICR) 
(inbred vs. outbred) strains 
C57BL/6J mice are the most used inbred genetically 
modified mice strain due to its robustness and well-known 
genetic history;42 being the first mouse strain to have its 
genome fully sequenced.43 CRL:CD1(ICR) is an outbred 
strain; it is commonly used in obesity, ageing and toxicology 
studies. Individuals tend to be larger and more robust 
than average strains.44,45 Mice were housed in breeding 
pairs/trios and group housed after weaning with mice 
occasionally being individually housed due to aggression 
between cage mates. Generally cleaning activities were 
performed early in the week. Mice of both sexes were 
observed in breeding cages and stock cages from three 
weeks old.

Study 3: Observation of rats 
undergoing catheterisation and drug 
self-administration addiction study
Lister hooded rats are commonly used in addiction 
studies for their increased executive function for multi- 
step tasks and more sociable nature.12 In this study, 
12 male Lister hooded rats (Crl:LIS) were used for self-
administration studies to test a comparison of rats’ 
motivation between cocaine and heroin, with their 
vocalisations being recorded, as described by Avvisati.46 

A group of 12 male rats were housed in groups of 4 in a 
reverse-light room in the facility and handled daily by the 
researcher for at least one week before surgery. Surgeries 
were performed between 28th February and 10th March 
2022 and the rats were fed 1.5mg/ml meloxicam via 
syringe before they were anaesthetised with 100mg/kg 

Score Definition

1 Nothing observed.

2 Mild clinical signs that show no impact 
on the animal’s ability to perform normal 
behaviours. Full recovery expected. (e.g. 
pregnancy). 

3 Mild clinical signs having a short-term 
impact on the animal’s ability to perform 
normal behaviours. Full recovery expected.

4 Mild clinical signs having a longer-term 
impact on the animal’s ability to perform 
normal behaviours. Full recovery expected.

5 Moderate clinical signs having limited 
impact on the animal’s ability to perform 
normal behaviours. Full recovery expected.

6 Moderate clinical signs having limited 
impact on the animal’s ability to perform 
normal behaviours. Recovery potential 
unknown.

7 Moderate clinical signs with medium to 
long term impact on animals’ ability to 
perform normal behaviours. Recovery 
potential unknown.

8 Severe clinical signs but with short 
term impact and expected recovery OR 
moderate to severe signs with long term 
impact on animal’s welfare and little 
chance of recovery.

9 Severe or chronic clinical signs that 
are having serious negative impact on 
the animal’s ability to perform normal 
behaviours.

10 Severe clinical signs that are rendering 
the animal recumbent/unable to carry out 
any normal behaviour i.e. eating, drinking.

Table 2. Scoring definitions for clinical assessment factor, 
part of physical parameter. 

Adaptation of the Animal Welfare assessment grid (AWAG) model to monitor laboratory rats and mice
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ketamine and underwent surgery. The right jugular vein 
was isolated via blunt dissection before a sterile, saline 
filled catheter (Instech Laboratories) was inserted and 
then sutured into the blood vessel. The catheter was 
tunnelled around the right shoulder subcutaneously 
and attached to a vascular access button (VAB Instech 
Laboratories) for easy administration of drugs. Saline 
was flushed through the VAB and the rats were placed 
in pairs for recovery. Meloxicam 0.5g was administered 
orally and Enrofloxacin through the VAB for 2 days and 
5 days after surgery, respectively. Rats were housed 
individually for three days following surgery before 
being pair housed. After a week of recovery their food 
was restricted and the rats began being acclimatised 
to the test chamber. Rats underwent 35 sessions 
divided into several consecutive phases with testing 
occurring daily except for a two-day break after the self-
administration training phase. The rats were observed 
on an approximately weekly basis in their home cage, 
during which the AWAG plotted the scores from the study. 

Study 4: Observation of headpost 
surgery mice
Three male VIP-Cre mice (N 61, 62, 63) were observed after 
cranial window and headpost surgery was performed. 
Animals received an administration of Metacam for 
three days post-surgery and were then transferred back 
into an environmentally enriched cage in the reverse-light 
room of the facility with mice numbers 61 and 62 being 
singly housed and mouse 63 pair housed. The mice 
underwent behavioural training, with mouse number 63 
also undergoing water restriction. 

Results 
Study 1: HSOD1-G93A vs. HSOD1-WT 
strains
Observation of physical, psychological, environmental 
and procedural parameters, revealed no significant 

difference between the two genotypes (Figure 2). As 
can be seen, there were some occasions during the 
recording period where there was an increase in the 
environmental, psychological and procedural scores for 
both strains suggesting no general difference between 
the two strains. Environmental changes in both strains 
were due to occasions where there were poor quality 
nests and mice being singly housed which impacted 
on the overall scores. The minor procedural increases 
related to animals being observed after cage cleaning 
(suggesting a short-term impact as mice become 
accustomed to their clean cages) and some facility 
refurbishment taking place when the animals were 
observed on 22nd February 2022 (painting of corridors) 
although interestingly there did not seem to be an 
impact on the HSOD1-G93A mice from the painting. 
Generally, the increase in psychological scores was 
related to the impact of single housing and relatively 
more singly housed mice in the wild type colony. No 
obvious signs of muscle weakness were detected in 
the G93A mice, as indicated by the low physical score 
throughout the duration of the study. It is not clear if 
the mash supplementation may have helped in that 
respect. Although this may suggest the mash was 
beneficial most mice were culled within a few weeks 
of being weaned so it is plausible that the mice may 
not have reached the age when most physical signs of 
neuroinflammation are seen. 

Mice from both genotypes were housed in breeding 
pairs/trios and group housed after weaning. Physical, 
psychological, environmental and procedural AWAG 
scores were recorded for each genotype weekly for a 
period of 4 months. Each data point represents the mean 
score for each AWAG parameter from all mice cages 
observed for each genotype. AWAG scores were based 
on scoring definition illustrated in table 2, ranging from 
1 (nothing observed) to 10 (very severe clinical signs). 
Table 1 represents the factor profiles and the rationale 
behind their selection for each AWAG parameter. 
Key events, such as single housing and cleaning are 
annotated in the relevant graphs.

Figure 2. Study 1: AWAG scores plotted for each parameter in HSOD1-G93A and HSOD1 WT mice. 

Adaptation of the Animal Welfare assessment grid (AWAG) model to monitor laboratory rats and mice
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Study 2: C57BL/6J vs. CRL:CD1(ICR) 
(inbred vs. outbred) strains 
Figure 3 shows the parameter averages of the C57BL/6J 
and CRL:CD1(ICR) colonies. The recording was over 
a 7-month period with normal colony management 
resulting in different breeding pairs being observed over 
the duration of the project as breeding pairs were retired 
and new ones set up. Most of the cages housed breeding 
pairs with the females at various stages of pregnancy 
or with litters. The average number of cages measured 
each day was approximately 6 for CRL:CD1(ICR) and 
8 for C57BL/6J colonies. As can be seen in August 
2022, CRL:CD1(ICR) had a higher score on the physical 
parameter compared to the C57BL/6J. This is possibly 
due to the higher body condition scores (BCS) of 
pregnant or lactating CRL:CD1(ICR) mice (CRL:CD1(ICR) 
mice can become very large and relatively immobile in 
the later stages of gestation) whereas the C57BL/6J 
tend to have lower BCS. Environmental scores for both 
colonies were similar with the higher scores being 
related to single housing. In July and August 2022 the 
psychological scores were quite high and this was related 
to cage cleaning taking place and the increased activity 
seen within the cages when observations were being 
recorded. Cleaning days on average led to an increase 
in these factors for CRL:CD1(ICR) whilst C57BL/6J did 
not show as high activity. Overall on average, C57BL/6J 
had more disorganised nests whilst lactating and the 
pregnant CRL:CD1(ICR) mice nests were larger in 
size as reflected by the higher environmental scores 
on occasions between July and September 2022 
(C57BL/6J) and on occasions between March 2022 
through to July 2022 (CRL:CD1(ICR)). CRL:CD1(ICR) 
mice tended to climb more often than the C57BL/6J, 
with males in both stock and breeding cages showing 
high activity on certain occasions as reflected by the 
high psychological parameter detected in certain days 
during the study from June through to August 2022. The 
C57BL/6J colony also had more isolated male mice, 
as C57BL/6J has a larger colony size and the strain is 
prone to barbering in grouped males.47

Mice from both strains were housed in breeding 
pairs/trios and group housed after weaning. Physical, 
psychological, environmental and procedural AWAG 
scores were recorded for each strain weekly for a period 
of 9 months. Each data point represents the mean score 
for each AWAG score parameter from all mice cages 
observed for each genotype. AWAG scores were based 
on scoring definition illustrated in table 2, ranging from 1 
(nothing observed) to 10 (very severe clinical signs). The 
factors profile and reasoning of choice of factor profiles 
based on which AWAG parameters are based are seen in 
table 1. Important events (e.g. single housing, cleaning, 
pregnancy) are annotated in the relevant graphs.

Study 3: Observation of rats 
undergoing catheterisation and 
self-administration addiction study
The rats were observed on an approximately weekly 
basis, during which the AWAG plotted the scores from the 
study as shown below in Figure 4. The CWAS (environmental 
and procedural) was higher whilst the rats were acclimatising 
 (21st February 2022), due to inactivity (average score of 
3) and fearfulness (average score of 3). These scores 
were likely due to the rats acclimatising into the facility, 
scoring a 9 in contingent/procedural events. After a 
week the rats were less fearful and more curious with 
one rat showing some inactivity (3) on one occasion. 
This individual was singly housed at that time as its 
cage mate was undergoing surgery so it is possible they 
may have shown negative behaviour due to isolation 
and this may have led to the dip in the environmental 
parameter on AWAG. Despite the addition of a catheter, 
the rats showed no visible signs of suffering and were 
still alert and active as previously seen. As they began 
food restriction in March, there was a small dip in the 
physical parameter after food restriction which may be 
due to the rats becoming accustomed to the switch from 
ad-libitum to being food restricted and the activity of 
the rats increasing, with some food-aggression between 
cage mates being displayed and increased climbing 

Figure 3. Study 2: AWAG scores plotted for each parameter in C57BL/6J and CD1 mice. 
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(psychological 2.5). Some aggression occurred towards 
researchers with one rat biting a researcher and was 
repeatedly aggressive towards them after being injected 
that was likely due to fear. One rat was euthanised 
earlier in the study due to a seroma forming around 
the VAB as a complication of the surgery. Another was 
euthanised later due to a leak in the catheter which 
could have increased the risk of becoming infected. 
Seromas are one of the more common complications 
of vascular catheterisation surgeries however they do 
not necessarily impact on the welfare of the rat as 
supported by the scores of the rat affected which did 
not change. Improved surgical technique would assist 
with prevention of seromas and leaks and minimisation 
of dead space when moving the catheter and implanting 
the VAB.48

Rats were singly housed for 3 days following surgery 
and were then pair housed. Physical, psychological, 
environmental and procedural AWAG scores were 
recorded for each rat weekly for a period of 2 months. 
Each data point represents the mean score for each 
AWAG score parameter from all rats observed. AWAG 
scores were based on scoring definition illustrated in 
table 2 ranging from 1 (nothing observed) to 10 (very 
severe clinical signs). The factors profile and reasoning 
of choice of factor profiles based on which AWAG 
parameters are based are seen in table 1. Important 
events (e.g. single/pair housing, cleaning, surgery, food 
restriction and acclimatisation) are annotated in the 
relevant graphs.

Study 4: Observation of headpost 
surgery mice 
The observations of the three mice were recorded and 
displayed in figure 5. As can be seen, the AWAG score 
is high for each mouse in response to the surgical 
intervention but decreases over time following recovery 
and move into the reverse-light room (surgeries were 
performed between 11th May and 16th May 2022). 

Mouse number 61’s score begins to increase over the 
following weeks with the mouse losing its littermate and 
becoming singly housed. Its fearful behaviour begins 
to increase over time before it becomes inactive and 
refuses to eat and is euthanised on 10th July 2022. The 
mouse could have begun to show timidity due to being 
singly housed,49 however mouse 63 was also singly 
housed around the same time but it did not behave in a 
similar way. Another theory is that negative interactions 
with humans and the moving of its cage created a 
conditional fear response. Common handling methods 
such as picking mice up by the tail can increase anxiety 
and would likely cause a fear response in the presence 
of humans.50 

Mouse 63 was put onto water restriction around 22nd 
June 2022 and after an initial increase in the CWAS 
score this reduced shortly afterwards suggesting the 
mouse became accustomed to the water restriction 
before increasing again in mid-July which appears to be 
attributable to a cage move.

Figure 4. Study 3: AWAG scores plotted for each parameter in individual rats undergoing surgery (catheterisation) and 
drug self-administration. 
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Mouse 62’s AWAG score dropped after going on water 
restriction in late May 2022 but returned to a more 
constant score in the middle of June.

 
The AWAG score overall increased hours after surgery 
due to inactivity however the week after recovery scores 
were lowered again. This suggests that similarly to the 
rats in study 3, the surgery did not have a long-term 
effect on the mice due to effective use of analgesics, 
post operative care and good aseptic techniques. It is 
difficult to determine the cause of mouse 61’s decline 
and any other conclusions as the sample size is so 
small (n=3). 

Mice were singly housed. Physical, psychological, 
environmental and procedural AWAG scores were 
recorded for each mouse weekly for a period of 14 
weeks. Each data point represents the cumulative AWAG 
scores plotted as an aggregate for each of the 4 AWAG 
parameter in each individual mice undergoing surgery. 
AWAG scores were based on scoring definition illustrated 
in table 2, ranging from 1 (nothing observed) to 10 (very 
severe clinical signs). The factors profile and reasoning 
of choice of factor profiles based on which AWAG 
parameters are based are seen in table 1. Important 
events (e.g. single, cleaning, surgery, water restriction) 
are annotated.

Discussion 
The study has demonstrated that the use of AWAG in a 
laboratory animal facility is beneficial in providing data 
that assists in assessing the impact of laboratory and 
experimental procedures in rodents. Overall, the scores 
were relatively low indicating the Animal Welfare was 
generally satisfactory. The physical and psychological 
AWAG parameters were the least variable even following 
highly invasive procedure such as surgery, where scores 
of the rats and mice did not significantly change most 
of the time. This observation suggests that with correct 
analgesics, post operative care and good aseptic 
techniques, positive welfare can be observed following 
surgery which was the most invasive procedure that 
AWAG was used for in this study.
 
Of interest some discrepancy was noted between 
researchers’ observation of the rodents and the AWAG 
scores recorded. From the researcher’s notes for the 
rat study (study 3), more negative behaviour was noted 
when restraining prior to recording sessions took place, 
with high frequency vocalisations, which is indicative 
of anxiety.51 Although noticeable in certain rats, some 
physical problems with the VAB caps were not seen 
when recording the AWAG, likely due to lack of expertise. 
Better collaboration with researchers would allow for 
more accurate scoring. Handling during scoring could 
also increase accuracy but at the cost of the welfare to 
the animal. 

Figure 5. Study 4: Cumulative AWAG scores plotted as an aggregate for each of the 4 AWAG parameter in individual 
mice undergoing surgery (headpost surgery) and drug self-administration. 
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Husbandry activities also appeared to have a short-
term impact on the animal’s wellbeing as there were 
increased psychological scores observed during 
cleaning out and cage changing. It is plausible that 
this is due to noises and smells from cleaning 
products or technicians disturbing the mice which lead 
to an increase in movement and bar climbing as an 
exploratory behaviour. Males were the most active as 
females were left caring for their litters, in agreement 
with Newson et al observation.52 

In terms of data recording and observations it was 
felt that measuring one point in time during the day 
at approximately weekly intervals led to difficulties in 
determining how the behaviour of animals may change 
throughout the day. For example, some behaviour and 
physical signs that were seen and recorded in the 
original study researcher’s laboratory notes on the  
rats were not seen when recording findings on AWAG. 
This could be due to the animals not being handled 
when recording the scores as the animals were just 
observed in the cage under reverse light conditions. 
Indeed, behaviour may be different when handling as 
it has been shown promotes fear responses even if 
handled regularly. This is likely to be due to humans 
not being seen as a positive interaction compared with 
rodents owned domestically, who experience proper 
socialisation. Certainly, positive social interaction such as 
tickling in rats has been shown to decrease anxiety.53,54 
In the future, better collaboration with researchers could 
help to increase accuracy of results and see how the 
behaviour changes over the day. More work should also 
be conducted scoring animals using the AWAG whilst also 
handling them as part of study related procedures and 
this could be achieved by training researchers in the use 
of AWAG. 

As discussed, the relatively high environmental score 
detected in C57BL/6J mice on some days, was thought 
to reflect their behaviour leading to disorganised and 
scattered nests. This is consistent with previous studies 
on nesting mice which have suggested that how mice 
shape their nests could be strain based as well as 
based on temperature and the amount of bedding 
given. In one study, Gaskill et al 55 found that C57BL/6J 
mice tended to change the shape of the nest relating 
to temperature and required more bedding to build 
a better nest than CRL:CD1(ICR). In the same study 
C57BL/6J also preferred nesting at 26°C to 30°C which 
is higher than most strains. 

With reference to mouse 61’s decline in study 4 more 
research would need to be performed to observe 
these mice to see if there is any way to intervene with 
future decline, such as rehousing a timid mouse with 
a previous littermate. The impact of water restriction 
should also be better researched as the results were 
inconclusive due to only one of the surgery mice 
undergoing it. 

Activity and stereotypic behaviour were high in almost all 
cages that underwent food restriction, with some cases of 
food aggression in study 3 also being noticed. Although 
not all behaviour was seen, it is possible that this may 
have been a Pavlovian response to the humans observing 
the rodents, mistaking them for the researchers that 
usually feed them. All the rodents were fed at the same 
time daily when on food restriction but circadian rhythms 
could also be linked as these have been seen to increase 
stereotypic behaviour56 in mice. In humans, circadian 
rhythms have been linked to microbiota-gut-brain axis, 
increasing pathology of disease and mental health 
disorders when the rhythm is in disarray.57,58,59 Other 
studies have suggested a link between the biota changes 
and an increase in activity in mice60,61 and gut metabolites 
have been found to increase anxiety in mice.62 Most studies 
have been done using germ-free animals, however there is 
evidence to suggest that biota also changes with food 
restriction.63 It cannot be ruled out that circadian rhythms, 
behaviour and the gut microbiome are all linked but  
more work would need to establish how food and water 
restrictions impact mice and rats particularly as there is 
little research understanding the additional behavioural 
impact of water restriction in rodents.

The AWAG shows good observational data of rats 
and mice in studies and could be used beneficially to 
demonstrate the impact of refinements on improving the 
level of Animal Welfare. For example, the data suggests 
that surgical procedures which one would probably 
expect to have a significant impact on welfare scores, 
do not. This is due to the pre and post operative care 
routines. From the results presented, the AWAG would 
be a useful model to help monitor scientific procedures 
which can be used to help researchers understand how 
research conditions impact and help interventions to 
improve Animal Welfare. There is also possible use in 
study or transit environments to refine methods and 
help reduce stress when transporting animals.

Although it would be unlikely for the AWAG to be used daily 
due to time constraints, integration of the tool into other 
commonly used databases and telemetry devices that 
are being developed to monitor rodent activity and facial 
expressions64,65 would be beneficial. The visual aspect 
is useful at showing how the behaviour and health of 
animals change over time. Though it can be difficult to 
compare the scores of multiple graphs using the system, 
with further development this could be refined further.

Recently, artificial intelligence and computer monitoring 
have been used to help measure the environmental 
variables and score behaviour in livestock species.66 In 
the future this could be applied to rodents allowing for 
time efficient and remote scoring. However it could be 
expensive given the number of cameras needed for all 
the cages to be seen. As a solution, cameras could be 
used on a small number of cages that make up the 
representative sample size of the population.
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We have demonstrated that the AWAG is a useful model 
not just for assessing the impact of experimental  
procedures on rats and mice  but also for monitoring the 
impacts of routine husbandry procedures, environmental 
changes, transportation and changes in social groupings 
in animals prior to entering studies. There are potential 
benefits and impacts of this system in relation to the 
implementation of the 3Rs and the ethical evaluation of 
the harm/benefit analysis for any research proposals. 
AWAG can be used to help researchers understand how 
their study protocols may negatively impact on animals, 
by providing data to assist with decisions relating to 
interventions designed to improve Animal Welfare, 
study design and reproducibility of data. Whilst the role 
of AWAG is not to monitor daily husbandry practices we 
have demonstrated that it is effective in showing how 
changes in routines (e.g. cleaning, different technicians, 
environmental changes, study protocols) can impact on 
the animals’ welfare and this knowledge could be used  
to educate Animal Technicians and researchers in areas 
for consideration to help improve Animal Welfare and 
have a positive impact on data reproducibility. Further 
research should be performed to investigate changes in 
activity levels and behaviour in rats and mice that appear 
to take place during periods of food and water restriction. 
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