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Application of the 3Rs 

Replacement 

State why you need to use animals and why you cannot use non-protected animal alternatives 

Replacement 

 The use of animals is imperative to the success of the project. The mammalian immune system is 
complex, with many different cells and molecules working in combination to produce a co-ordinated 
response. Thus, using lower organisms such as Drosophila or zebrafish is not feasible, as they do not 
possess a complex immune system seen in mammals. Similarly, in vitro models cannot give an 
accurate reflection of the cellular and molecular complexity of the mammalian immune system. Thus, 
use of mammals is essential, with mice proving an invaluable tool in studying immunity for the past 
40 years. 

  

Reduction 

Explain how you will ensure the use of minimum numbers of animals 

Reduction 

 From the outset of our project, we will consult with specialist statistical consultants contracted by the 
University to provide advice on designing experiments and statistics. Such advice will allow us to use 
the minimal possible mice to achieve statistically significant results. 

All data analysis will be conducted according to a pre-specified plan drawn up with the statistical 
consultants, with statistical tests performed with their input.  

Refinement 

Explain the choice of animals and why the animal model(s) you will use are the most refined, having 
regard to the objectives. Explain the general measures you will take to minimise welfare costs (harms) 
to the animals. 

Refinement 

 Choice of species, models and methods. 

As stated above, given the complex organisation of the mammalian immune system, it is 
unfortunately not possible to recreate these conditions using lower organism models (which do not 
contain a complex immune system) or in vitro cell models. Thus, the use of mice is crucial in the study 
of mammalian immunity. There are numerous examples of discoveries made in mice that have led to 
the direct identification of similar systems in the human immune system, with such cells and 
molecules now being clinically targeted in disease. 

 There may be opportunities to perform more focussed in vitro experiments if, during the course of 
mouse experiments, we identify cell types that are directly affected during infection. We would then 
isolate these cells and determine their responses to different parasite/bacterial/viral products, and 
how different molecules/pathways affect their responses to pathogens. 

 Minimisation of animal suffering 

 Intestinal parasite infection models 

All intestinal parasite infections are well established models of infection used by researchers over 
many years, with the majority causing no detectable suffering or distress to the animal. In a minority of 
cases (e.g. infection of mice with Toxoplasma gondii) mice will develop acute inflammation during 
infection. Here, animals will be closely monitored (with frequency increased leading up to time points 
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where inflammation has been previously shown to occur) and should any unreasonable loss in 
condition be observed, the animals humanely killed. 

Viral infection models 

The viral models used will result in short-lived infection with moderate weight loss and illness, but 
mice expel the infection and fully recover from symptoms. However, all mice will be monitored closely 
in peak times of infection (3-7 days post-infection), and if any unreasonable loss of condition is 
observed the animals humanely killed.  

Bacterial infection models 

Some bacterial infection models (e.g. Francisella tularensis LVS) cause a severe acute infection. It is 
important for this level of infection to be reached, to determine cells/molecules and interventions that 
reduce the symptoms of infection. Thus, we need to reach a point in control animals where infection is 
established to determine whether any benefit has been achieved from gene/cell knockout. Other 
models (e.g. Citrobacter rodentium) cause modest weight loss and diarrhoea but resolve within 3-4 
weeks with mice fully recovering. 

 In all experiments, we will closely monitor mice (with increased frequency of monitoring at time points 
close to when acute infection is expected to occur), and have a detailed scoring system in which to 
assess the health of the mice during severe acute infection. If an agreed level of discomfort is 
reached (based on a robust clinical scoring system), the mouse will be immediately humanely killed. 

 

  




