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Regulatory requirements
• prospective severity assessment
• retrospective severity assessment
• continuous refinement

Science
• which methods are useful to assess severity?
• which mathematical methods are appropriate?
• can we compare severity between animal models?
• how do we measure refinement?

https://www.mh-hannover.de/index.php?eID=tx_cms_showpic&file=84489&md5=1eb3e7acc47bdfc585392bc54ab3cc973b67285e&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D


Goal
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Improve animal wellbeing based on
• interaction: Public - Scientific Community - Authorities
• data

https://www.mh-hannover.de/index.php?eID=tx_cms_showpic&file=84489&md5=1eb3e7acc47bdfc585392bc54ab3cc973b67285e&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D


Projects pursued in Rostock
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Main read out 
parameters

BALB/c

C57BL/6 (1, 2, 3, 4, 5)C57BL/6 (1, 5)

BALB/c

C57BL/6 (2, 3, 4)

Pancreatic cancer Chronic pancreatitis
Liver damage

(bile duct ligation, CCl4)

Refinement 1: Optimise humane endpoints (Cox proportional hazards model)
2: Reduce pain by evaluating analgesics
3: Optimise different surgical interventions

Novel methods 3: Thermal imaging (inflammation, heart & respiratory rate,....)

4: Automated video analysis (running activity, grimace scale,…..)

5: Volatile components as biomarkers

Evaluate & compare distress in mice (drug versus vehicle control)

+

mice

https://www.mh-hannover.de/index.php?eID=tx_cms_showpic&file=84489&md5=1eb3e7acc47bdfc585392bc54ab3cc973b67285e&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D


Which methods can measure distress?
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Indirect interpretations
(limitation: 
misinterpretation?)

• healthy vs. diseased
• receiver operating

characteristic (ROC) 
curves

Abdelrahman A, Kumstel S, Zhang X, Liebig M, Wendt EHU, Eichberg J, Palme R, Thum T, Vollmar B, Zechner D. A novel multi-
parametric analysis of non-invasive methods to assess animal distress during chronic pancreatitis. Sci Rep. 2019 Oct 1;9(1):14084.
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chronic 
pancreatitis
• 50 μg/kg, cerulein i.p. 
• 3x/day; 3x/week  
• for 4 weeks
• analyse: pre, early, 

middle and late phase

https://www.mh-hannover.de/index.php?eID=tx_cms_showpic&file=84489&md5=1eb3e7acc47bdfc585392bc54ab3cc973b67285e&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D


Which methods can measure distress?
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Conclusions
• Different methods can measure differences in different animal models
• the methods seem to be fairly robust (within an animal model the same methods

can often differentiate between healthy and diseased animals independent if
animals are treated with a drug or not)

• Use more than 1 method! → Multivariate analysis

Zechner et al., manuscript in preparation.

https://www.mh-hannover.de/index.php?eID=tx_cms_showpic&file=84489&md5=1eb3e7acc47bdfc585392bc54ab3cc973b67285e&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D


How to compare animal models?
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Tang G, Seume N, Häger C, Kumstel S, Abshagen K, Bleich A, Vollmar B, Talbot SR, Zhang X, Zechner D. Comparing distress of mouse
models for liver damage. Sci Rep. 2020 Nov 13;10(1):19814. doi: 10.1038/s41598-020-76391-w.

post        pre CCl4: level 0 CCl4: level 1 BDL: level 0 BDL: level 1

Body weight & Burrowing & distress score CCl4 BDL

distress level 0 (pre laparotomy) 28 3

distress level 1 (post laparoptomy) 2 12

Significantly different distribution of distress levels between CCl4 and BDL (Fisher’s Exact Test, P ≤ 0.001)

Training data: Pre and post-laparotomy

Training data set: laparotomy (pre vs. post, moderate distress?)
Methods combined: % body weight, burrowing and distress score
Multivariate analysis: Support Vector Machine classification 
Compare: during CCl4 induced liver damage vs. after bile duct ligation (BDL)

(supervised machine learning)

Test data: CCl4 Test data: BDL

Conclusion
• CCl4 ≤ BDL

https://www.mh-hannover.de/index.php?eID=tx_cms_showpic&file=84489&md5=1eb3e7acc47bdfc585392bc54ab3cc973b67285e&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D


Conclusion/Discussion
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What can science do for animal welfare?

• Compare distress between animal models (use multivariate analysis)
• Refine animal models (use multivariate analysis)

limitations: 
Do methods really always measure animal welfare? 

Open questions

• Replicability and robustness of distress evaluation? 
• can person A replicate the data of person B?
• does an animal model always have the same severity? 

(D mouse strains, age, SPF status)
• How do variations of animal models influence distress?
• How do different analgesics influence distress?

• Is it scientifically sound to assume 3 levels of severity?
• Or will all animal models represent  a continuum of severity levels and any 

border between severity levels will be arbitrary? Or will severity levels 
cluster in more than three categories?

• How exactly should we value cumulative suffering?

Animal model X 
≠ 

always 
severity category Y 

https://www.mh-hannover.de/index.php?eID=tx_cms_showpic&file=84489&md5=1eb3e7acc47bdfc585392bc54ab3cc973b67285e&parameters[0]=YTo0OntzOjU6IndpZHRoIjtzOjQ6IjgwMG0iO3M6NjoiaGVpZ2h0IjtzOjM6IjYw&parameters[1]=MCI7czo3OiJib2R5VGFnIjtzOjQyOiI8Ym9keSBiZ0NvbG9yPSIjZmZmZmZmIiBz&parameters[2]=dHlsZT0ibWFyZ2luOjA7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters[3]=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D

