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The number of animals bred but killed in stock without being used 
for experiments is increasing. This is a breach of our commitment 
to the value of every animal's life and of our commitment to the 
3Rs principle of reduction. This increase is due principally to a 
significant rise in the use of genetically altered (GA) animals—
especially mice and zebra fish. 

 
In the course of breeding 
experimental animals in 
order to study the effects 
of altering genetic 
material, a great many 
offspring do not fit study 
constraints and are killed.  
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The constraints that per force rule animals out include genetic 
profile, age, sex, weight, phenotype, physiologic systems and 
inheritance pattern1. There is no global estimate of the number of 
animals bred but not used, as reporting practices vary widely, yet 
in some instances the number euthanized due to unsuitability is 
reported as virtually equal to the number bred and used. 

Against a background of welfare questions and ethical concerns 
regarding methods used to alter an animal's genotype and 
incidence of painful chance deformities that recombination tends 
to produce—and in line with questions about the success of 
translation from animal models to clinical trials—professionals in 
all facets of biomedical research are considering ways to reduce 
the number of animals discarded unused. We believe this is a 
critical need in order to dignify the lives of all animals bred for 
research. 

Here we reprise the efforts underway to reduce the number of 
unused animals; to use unsuitable GA animals in other types of 
experiments; and, to develop a strategy for reducing the number 
of experiments requiring animals bred for basic and applied 
research. 

 



How Many Animals Finish as Surplus to Requirements?  

In both basic and applied research using knockout and transgenic 
lines, there are countless studies underway to profile the 
behaviour of individual genes and also an increasing number of 
modified gene combinations. Estimates exist that 100 million 
vertebrate animals—about 274,000 per day—are used worldwide, 
that the European Union uses around 10.5 million of these and 
the US on average 18.5 million2. 

In the Netherlands, where the number of bred but not used 
animals is reported, the number not used rose between 2003 and 
2012 from approximately 220,000 to approximately 520,000 
where the number used in experiments declined slightly in the 
same period. The largest proportion were mice (371,918 or 70% 
of the total), of which 312,638 (59%) were genetically modified 
mice. 

Between 2007 and 2012 the number of Wild-Type animals bred 
but not used remained constant at just over 100,000 but the 
number of genetically-altered animals killed unused went from 
400,000 to 520,000. The number of genetically-altered fish bred in 
the latter period and killed unused soared from 5,000 to 70,000 in 
2011 after which there was a slight decline. 

In some countries those killed are not included in the animal use 
statistics; in some countries it depends on whether the animals 
reached weaning age—or in the case of zebra fish larvae, five 
days. Most are rodents reported as “dead before procedure” or 
“dead in stock”. 

Among those euthanized unused, 5% were ill or had ominous 
microbial profiles. 38% were an unsuitable genotype; 23.3% were 
the wrong sex—more on that later—21.6% were an undesirable 
age, and 13.5% represented the surplus against requirements. 
Further they may have been the wrong weight or bred 
inadvertently. 

When it comes to breeding lines no longer required, the line may 
be conserved by preserving sperm or embryos cryogenically with 
varying levels of success producing live animals later on. 

Possibilities for Reducing the Number of Animals  

Here are some approaches to reducing surplus and for making 
people aware of the problem. We hope the result will be a 
reduction in the absolute numbers of animals bred and killed. 

 



Cryogenic Preservation 

The maximum success rate reported with mice for recovery from 
frozen stock to live animals can reach 70%. The figure for embryos 
is much lower, estimated to be about 30%. In either case the 
success rate is very much dependent on the genetic background 
of the strain. A commitment to improve cryogenic success rate 
could pave the way for breeding on demand. 

Tissue In some countries one may not use an animal for dual 
purpose. For example, in a colon cancer experiment an animal's 
unused heart would not go to a cardiology research team who 
need a heart. Both the animals used in research and those surplus 
to requirements for one investigator may be just what another 
team needs. 

Organoids  

An organoid is a three-dimensional tissue bud grown from stem 
cells to mimic a body structure. At this time organoids are used 
principally in regenerative medicine. Organoid techniques are 
improving rapidly. We encourage biomedical science to explore all 
opportunities to utilize the knowledge and adapt it to our own 
field. Use of organoids might reduce animal use in a variety of 
stages in a research programme and help to refine potentially 
interesting targets. 

Organs-on-chips allow investigators to test medicines and, many 
hope, might one day help to create a replacement for animals in 
biomedical research. 

Impose Oversight 

Penny Hawkins, Deputy Head, Research Animals Department at 
the Royal Society for the Prevention of Cruelty to Animals, offers 
these recommendations for reducing the killing of not used 
animals. 

Dr. Hawkins says that animals bred but not used for research 
should be counted and their breeding closely reviewed at least 
within establishments, for example by the local ethics committee 
or Animal Welfare Body. And she advises that animals which are 
surplus to requirements be thoughtfully re-homed wherever 
possible. However, in the case of GA animals this is bound to 
other legislative restrictions. We agree and think these measures 
should include projections of animal use and any surplus, with 
plans for disposal of animals who do not have the desired genetic 
profile. 

Further suggestions for a coordinated effort include the following. 



 Curtail or stop experiments requiring only males or females until 
the tools are in place to predict a beneficial outcome of a single-
sex experiment. This might be a task of an Animal Ethics 
committee. 
 

 Require principal investigators to kill their extra animals. Many 
investigators meet their animals during observation or on the 
surgical table but are not aware of the surplus itself or the 
disposal of surplus animals. Requiring investigators to kill their 
own animals might have a number of positive outcomes: it might 
raise awareness of the surplus, experience of the suffering during 
killing, and create a wish to reduce the number bred but not used. 
 

 Cap the number of surplus animals. Identifying a cap on the 
number of experiments or the number of surplus animals bred 
but not used would be a complex undertaking given the number 
of experiments and the growing size of the surplus.  

However, both, we believe, would be a worthwhile goal. As a start 
it would be useful to develop reliable tools for accurately 
predicting the number of animals required for a study. National 
Research Council (US) Committee on Guidelines for the Use of 
Animals in Neuroscience and Behavioral Research offers a number 
of formulas for consideration2. 

Plan Ahead 

While investigators enjoy the convenience of in-house breeding, 
and the advantages are considerable, we advise that you reflect 
on the greater benefit of using a centralised breeding facility, at 
least per institute where breeding is done in different units spread 
over a campus or among institutes in close proximity. This 
improves the chances of having suitable lines available at shorter 
notice. 

When you take a vacation, breeders keep breeding. Communicate 
with breeders about your holiday period and of the reduced need 
for animals. Adjust these requirements well in advance. Make 
communication with breeders, and specifically the advance notice 
of upcoming holidays, part of the animal staff’s responsibility. 

The two-way communication between technicians and breeders, 
along with advance planning, will help breeders match production 
with demand and move toward a just-in-time breeding capability. 

Act Strategically 

There is pressing need for a Code of Practice within a strong 
Culture of Care. This Code could specify at least three practices. 



1. Reporting of all animals bred for research, whether used or killed 
 

2. A requirement to justify, at the approval level, the reason for 
planning an oversupply / for planning to kill the animals rather 
than allocate them to other scientific use 
 

3. Criteria for judging requests for oversupply and for plans to kill 
animals that are surplus to requirements 

Requirements for a use of animals of a certain sex, age or weight 
should be justified on scientific grounds—and again, decision 
criteria should be deliberated and agreed upon by a body of 
concerned individuals on all sides of the animal research debate. 
This Code should include the technologies used to breed new 
lines and also to kill the surplus animals. 

There is a pressing need for a rich database which investigators, 
funders, approval boards, ethics committees and regulators can 
mine for purposes of avoiding duplication, finding breeders, 
identifying number and species of animals bred, acquired, 
supplied, used, set free or re-homed and locating lines preserved 
cryogenically. 

Dr Hawkins reminds us that we should record the origin of each 
animal used in research and include whether they were purpose 
bred and importantly, the number and species of animals that 
died or were killed, with cause of death noted. 

Other suggestions include expanding the archiving and 
dissemination of genetically-altered strains by cryopreservation 
and reproductive technologies—and, from the UK Medical 
Research Council—to share models and resources as a way to 
eliminate duplication, coordinate harvesting of tissues and organs, 
and centralise breeding. 

Make the Experiments Matter 

 While science knows a lot about the behaviour of genetic 
material, investigators are starting to acknowledge that studying 
DNA or genes—or even the epigenome or pathways—is not the 
complete picture. The role of the microbiome has of late taken 
centre stage in the health press and it may be that the proteome 
and the microbiome become central factors in research. 

The argument for stepping back to review the number of studies 
may not be welcomed by grant holders or even by grant making 
organisations, yet there is a case to be made for assessing the 
results to date and making a strong commitment to reducing the 
number of animals bred but not used and then killed. Such an 



examination may improve the return on investment in both 
funding and animal lives.  

It would be interesting to consider development of an algorithm 
to determine predictive value of experimental design, and use the 
calculations to decide on funding. 

We believe that the following do now, or would in future, 
contribute to a reduction in the number of animals bred but not 
used and then killed. 

 Cohort studies allow the use of fewer animals—for example by 
using the same group of animals after a three week rest period, 
although this is limited by the amount of harm inflicted. 
 

 Use only animals that naturally develop human diseases, because 
diseases aren't controlled same way/pathways aren't the same 
when diseases are artificially created. Fortunately the notion that 
animals are not models for human disease but rather models for 
certain pathways operational in diseased states has gained 
momentum. Waiting for animals to develop human diseases will 
prove to be a long wait since they will develop animal diseases.  
 

 Use animals whose physiology is similar to or same as humans 
(e.g. mouse heart muscle behaviour differs from human).  
 

 Reduce experiments to a minimum until we have maps of human 
proteome and microbiome, because success in translating animal 
studies to human trials may depend more on understanding how 
genes are regulated than on whether human and research animal 
have genes in common. 
 

 Make evidence-based decisions. Identify value data showing kind 
of experiments (centrally at least in Europe) to include strategic 
analyses such as which type of experiments have proved of 
benefit to humans and which haven't, benefit of lines in 
descending order with plans to discontinue minimally useful lines, 
and success rates respectively for basic and applied research, for 
examples. 
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Society, Division of Laboratory Animal Science, at Utrecht 
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