Retrospective Assessment of Project Licences
Project Licence Retrospective Assessment

“The overall purpose of retrospective assessment in the general sense of ‘following the development and outcome of projects’ is, wherever possible, to reduce the harms and increase the benefits of every project at an establishment. The aim is to improve both animal welfare and the quality of science and to help inform future debate on these issues.” [RSPCA and LASA, 2015, Guiding Principles on Good Practice for Animal Welfare and Ethical Review Bodies. A report by the RSPCA Research Animals Department and LASA Education, Training and Ethics Section. (M. Jennings ed.)]

At the University of Cambridge one (or possibly more) of the following will determine when your licence will be requested for review:
a. 12 to 6 months before your existing licence is due to expire if you have no plans to write a new licence;
b. 15 to 12 months before your existing licence is due to expire if you plan to write a new project licence;
c. 3 months before you terminate your licence if you intend to revoke your licence before its due expiry date;
d. When there is a change of project licence holder (in this case the person currently holding the licence should complete the retrospective review before the amendment is made to change the project licence holder);
e. As determined by the AWERB Standing Committee.  The AWERB Standing Committee may decide a licence should be reviewed at a specified time or times based for example on the severity of the work, novelty of the models etc..

The information you provide in or attached to this document must reflect data generated only from work carried out under the licence under review.  Please do NOT copy and paste text that appears in your current licence unless requested to do so.  

You are not restricted by the size of the text boxes on this form; they are designed to expand to accommodate your text.  However please remember that AWERB Standing Committee members, which will include your colleagues, have to review the information you provide so please be informative and concise and do not include information that is not requested.  Please remember to use Plain English, where possible.

Please be aware that Retrospective Reviews, as with your current and previous project licences, can be requested under the Freedom of Information Act 2000.  It is therefore wise to take care when completing this document and ensure that it does not contain typographical errors, personal details or any sensitive information pertaining to Intellectual Property.

A copy of the final agreed version of this document and any advice provided by the University AWERB in relation to this document will be forwarded to your local Home Office Inspector.

If you use abbreviations could you please ensure the first time the abbreviation is used that it is spelt out fully with the abbreviation in brackets.

Finally, if Home Office has identified your licence as one that required a Retrospective Assessment please still complete this template.  The information gathered will be used by AWERB to undertake their required task to review your work and can be used to complete the Home Office Retrospective Assessment template.  The latter can be achieved by copy and paste will a further update just before submission to include work you have complete between when you fill in this template and the expiry of your licence, which is when your Retrospective Assessment will need to be sent to the Home Office.

Thank you.
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University of Cambridge                                    Project Licence Retrospective Assessment
Version 5.9                                                                                        12th November 2021
1. General Information:
Project licence holder to complete 
if information provided is incorrect
	Name:
	Lalita Ramakrishnan 
	

	Contact details:
Address & tel.


	Molecular Immunity Unit
MRC Laboratory of Molecular Biology
Francis Crick Avenue
Cambridge Biomedical Campus
Cambridge CB2 OQH
Tel. 01223 267283
	

	Project No.
	PP1219821

	Project title
	Tuberculosis pathogenesis & treatment in zebrafish and medaka

	Project purpose
	To advance our understanding of how mycobacteria produce tuberculous disease and how the host responds to infection



	Date licence was granted
	04/02/2020

	Date of retrospective assessment is sent to the PPLh
	22/11/2023




The following are the triggers for licence Retrospective Assessment:
If you are completing this form because you have been asked to complete a Retrospective Assessment and our UBS staff have completed this box for you.  Please check that you agree with the selection made and correct if you believe the information is incorrect.

	A
	
	My licence is due to expire in 6 to 12 months time and I have no plans to write a new licence


	B
	X
	My licence is due to expire in 12 to 15 months time and I plan to write a new project licence to continue my research

	C
	
	I plan to request the revocation of my licence before its natural expiry date


	D
	
	I will no longer be the project licence holder but another person will continue to hold the licence.  
The name of the new licence holder will be:

	E
	
	I took over this licence from (insert name) in (insert date)


	F
	
	The AWERB Standing Committee has asked for this Retrospective Assessment.



Note to licensees: 
In the case of option D if the new project licence holder’s name has not been filled in please add this information to this box.
In the case of option E please insert the name of the person from whom you took over this licence and the date when you became licence holder.




2. Animal Welfare/Recorded Harms:

2.1 Using the table below please provide the information requested.
How to complete this table: Return of procedures count animal numbers from 1st January to 31st December.  In the table below if your licence was granted part way through the year count year one as the time from when the licence was granted to the 31st December of that year.  Year two will be from January to December etc. until the final year for which the report is requested and count from 1st January to the requested report date.  You can insert rows as necessary.  The figures provided can be obtained from your Home Office returns.

	Protocol No.
	Species
	


Protocol severity category
	



Total est. number
	


Actual number used
	Actual severity recorded

	
	
	
	
	
	Non-recovery
	Sub Threshold
	Mild
	Moderate
	Severe
	Totals

	1
	Zebrafish
	Mild
	500,000
	1st year
	0
	9912
	23430
	0
	5
	33347

	
	
	
	
	2nd year
	0
	6070*
	15194^
	0
	0
	21262

	
	
	
	
	3rd year
	0
	5080
	6481
	2
	4
	11567

	
	
	
	
	4th year
	0
	3869
	5317
	0
	1
	9187

	
	
	
	
	Total
	
	
	
	
	
	75363

	1
	Medaka
	Mild
	40,000
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	600
	325
	0
	0
	925

	
	
	
	
	3rd year
	0
	105
	362
	0
	0
	467

	
	
	
	
	4th year
	0
	0
	167
	0
	0
	167

	
	
	
	
	Total
	
	
	
	
	
	1559

	2
	Zebrafish
	Mild
	500,000
	1st year
	0
	0
	88
	0
	0
	88

	
	
	
	
	2nd year
	0
	*
	1036
	0
	0
	1036*

	
	
	
	
	3rd year
	0
	353
	490
	0
	4
	847

	
	
	
	
	4th year
	0
	657
	542
	0
	0
	1199

	
	
	
	
	Total
	
	
	
	
	
	3170*

	2
	Medaka
	Mild
	40,000
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	0

	3
	Zebrafish
	Mild
	2000
	1st year
	0
	0
	*
	0
	0
	*

	
	
	
	
	2nd year
	0
	0
	^
	0
	0
	^

	
	
	
	
	3rd year
	0
	12
	1059
	0
	49
	1120

	
	
	
	
	4th year
	0
	110
	604
	0
	0
	714

	
	
	
	
	Total
	
	
	
	
	
	1834*^

	3
	Medaka
	Mild
	1000
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	0

	4
	Zebrafish
	Mild
	2,000,000
	1st year
	0
	0
	8361*
	0
	0
	8361

	
	
	
	
	2nd year
	0
	0
	3169^^
	0
	0
	3169^^

	
	
	
	
	3rd year
	0
	0
	14118
	0
	74
	14192

	
	
	
	
	4th year
	0
	0
	17816
	0
	118
	17934

	
	
	
	
	Total
	
	
	
	
	
	43656^^

	4
	Medaka
	Mild
	40,000
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0 

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	0

	5
	Zebrafish
	Severe
	9,000      9,000
	1st year
	0
	0
	400
	227
	4
	631

	
	
	
	
	2nd year
	0
	0
	451
	0
	108
	559

	
	
	
	
	3rd year
	0
	0
	999
	332
	3
	1334

	
	
	
	
	4th year
	0
	0
	577
	6
	94
	677

	
	
	
	
	Total
	
	
	
	
	
	3201

	5
	Medaka
	Severe
	3,000      3,000
	1st year
	0
	0
	111
	46
	0
	157

	
	
	
	
	2nd year
	0
	0
	0
	175
	8
	183

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	3
	51
	0
	0
	54

	
	
	
	
	Total
	
	
	
	
	
	394

	6
	Zebrafish
	Mild
	200,000
	1st year
	0
	9
	0
	0
	0
	9

	
	
	
	
	2nd year
	0
	0
	^
	0
	0
	^

	
	
	
	
	3rd year
	0
	8
	27
	0
	0
	35

	
	
	
	
	4th year
	0
	0
	201
	0
	0
	201

	
	
	
	
	Total
	
	
	
	
	
	245^

	6
	Medaka
	Mild
	10,000
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	0

	7
	Zebrafish
	Mild
	10,000
	1st year
	0
	0
	*
	0
	0
	*

	
	
	
	
	2nd year
	0
	0
	^ and ^^
	0
	0
	^ and ^^

	
	
	
	
	3rd year
	0
	0
	290
	0
	25
	315

	
	
	
	
	4th year
	0
	0
	170
	0
	2
	172

	
	
	
	
	Total
	
	
	
	
	
	487^^* ^  

	7
	Medaka
	Mild
	5,000
	1st year
	0
	0
	0
	0
	0
	0

	
	
	
	
	2nd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	3rd year
	0
	0
	0
	0
	0
	0

	
	
	
	
	4th year
	0
	0
	0
	0
	0
	0

	
	
	
	
	Total
	
	
	
	
	
	0

	
	
	
	
	
	
	
	
	
	Whole Total
	129,909



If actual severity data has not been formally assigned at the point the Retrospective Assessment is undertaken, the columns can be used to indicate the estimated severity for each of the categories.  
*Due to different data collection methods in 2020 – 21 (1st and 2nd year) before ARMIS was installed, some data was bulked together for Protocols 2,3,4 and 7, so the total is shown in a single data entry and represented with an * in all other relevant data cells. ^ used for bulked data in Protocols 1,3,6 and 7. ^^ used for bulked data in Protocols 4 and 7. This data representation follows our HO return 2020-21.

2.2 Does the information provided in the table reflect the projected incidence of harm provided in the adverse effects for each protocol?  If not please indicate where this was not the case and whether the projected level of suffering was more or less than you anticipated when you first wrote the licence.  If the severity category for a protocol was amended during the tenure of the licence please include this information in the reasons box.

	Protocol number
	Severity higher/ same/ lower than anticipated
	Reason

	Protocol 5
	Higher than anticipated
	We amended the severity level of Protocol 5 because we learned that even though we monitored infected animals twice daily, in very rare cases, we found dead animals in the tank at the time of inspection, suggesting that the progression of infection was sufficiently rapid that we had failed to catch any antecedent clinical signs and euthanize them before they died from/with the infection. 




2.3 Describe any unexpected adverse effects and include the percentage and the number of animals affected.  How were these episodes managed and recorded?  If any of these resulted in a Project Licence Standard Condition 18 report please indicate which were reported under Condition 18 and the date (also see Section 5.2).

	All unexpected adverse effects were reported under Condition 18. These episodes were detected by trained personnel, recorded via tracking software (e.g., ARMIS or google excel sheet), communicated to the NACWO and raised as Condition 18 reports.  

Please see the list of individual incidents in Section 5.2. Following numbers are (% affected/total number of animals affected, X: unknown)
1. Fry loss before 30dpf exceeded 15% in Protocol 1
29%/10, 39%/155, 32%/45, 21%/10, 25%/1, 30%/57
2. Adults found dead likely due to the Picorna virus infection in Protocol 1
7%/22, 3%/31
3. Adults found dead likely due to genetic cause in Protocol 1
X%/10
4. Fry loss before 30dpf exceeded 15% in Protocol 2
31%/11, 40%/2
5. Fry loss before 30dpf exceeded 35% in Protocol 2
39%/7, 50%/2
6. Fry loss before 30dpf exceeded 35% in Protocol 3
55%/11
7. Adult fish showing clinical signs associated with a specific mutation in Protocol 3
X%/3
8. Adults found dead after infection in Protocol 5
X%/2, X%/2, X%/6, 2%/3, 0.8%/1, 0.8%/1
9. Adults didn’t recover from anaesthetic in Protocol 5
21%/X, 5%/20, X%/11



2.4 What percentage and number of animals had to be killed or died unexpectedly before the end of the experiment?  Please provide a brief summary of each incident by protocol(s) where this occurred.

	Protocol No.
	% and number of animals killed or unexpectedly found dead

	1
	14.2% (2022-2023:3046 found dead) These fish most likely died spontaneously. We know from long experience that up to 15% of animals may die during normal husbandry unrelated to the regulated procedures.  

	2
	22.4% (2022 -2023:459 found dead) Protocol 2 is for creating GA animals. Injected constructs may cause extra stress in animals and make animals slightly more vulnerable than the wild-types. This is the most likely reason that we observed the slightly higher death rate than in Protocol 1. 

	3	 
	6.9% (2022-2023: 126 found dead) Most likely the same reason as for Protocol 1.

	4
	0.58% (2022-2023:187 found dead) Most likely the same reason as for Protocol 1.

	5
	22% (2022-2023: 454 found dead) Protocol 5 is for infection of animals for assessment of survival. This Protocol is especially used for the adult infection. Even though we performed extensive health assessments twice daily of the infected animals to euthanize ones that had suffered adverse effects of the infection, we still found a few dead animals during the checks. These animals had most likely developed a rapid progression of infection that took them from appearing well to dying in the intervening period between the checks.  This is the most likely reason that we observed the slightly higher death rate in this Protocol than in Protocol 1. Those incidents were reported in SC18s and because of this reason we amended our PPL in April 2023.  

	6
	3.4% (2022-2023: 8 found dead) Most likely the same reason as for Protocol 1.

	7
	5.5% (2022-2023: 27 found dead) Most likely the same reason as for Protocol 1.


N.B. Data pre-ARMIS bulked this information as in previous table.

2.5 Were your estimated animal numbers accurately reflected in your actual animal usage as provided in Table 2.1 above?									         NO   

If no, please explain the why there was a difference.  Please do this on a protocol by protocol basis.
	Protocol No.
	If your numbers were less that estimated please explain why.

	Protocol 1
	We originally estimated a greater number of animals to be used. There are several likely reasons why we used fewer animals. 1) Due to COVID-19, we did fewer experiments and breeding for several months to a year. 2) We refined our breeding scheme so that we needed fewer animals to be housed (Please see 2.10). 3) We refined our experiments so that we needed fewer GA animals to be created and bred (Please see 3.2). 

	Protocol 2
	We originally estimated a greater number of animals would be used. There are several likely reasons why we used fewer animals. 1) Due to COVID-19, we did fewer experiments for a while. 2) We refined our experiments so that we needed fewer GA animals to be created and bred (Please see 3.2).

	Protocol 3
	In years 3 and 4, we used slightly more animals than we anticipated for one year. This is because our findings required us to study mutants that show deleterious phenotypes unrelated to the infection phenotypes. We are currently in the process of amending our PPL to increase the maximum number of animals to be used in Protocol 3 (Please see 5.1).  

	Protocol 4
	We originally estimated a greater number of animals would be used. There are several likely reasons why we used fewer animals. 1) Due to COVID-19, we did fewer experiments for a while. 2) We refined our experiments so that we needed fewer animals to be disposed of due to having irrelevant genotypes (Please see 3.2).

	Protocol 5
	We originally estimated a greater number of animals would be used. Due to COVID-19, we did fewer experiments for a while. 

	Protocol 6
	We originally estimated a greater number of animals would be used. There are several likely reasons why we used fewer animals. 1) Due to COVID-19, we did fewer experiments and breeding for a while. 2) We refined our breeding scheme so that we needed fewer animals to be housed (Please see 2.10).

	Protocol 7
	We originally estimated a greater number of animals would be used. There are several likely reasons why we used fewer animals. 1) Due to COVID-19, we did fewer experiments for a while. 2) We refined our experiments so that we needed fewer animals to be disposed as having unrequired genotypes (Please see 3.2).



2.6 Have you re-used animals? 								         YES   

If so, why have you re-used animals and what has been the impact of re-use on the welfare of your animals?  Please also provide the species and number of animals re-used by protocol where re-use occurred.
	Species
	Protocol No. on which animals were/will be returned as re-used, why and what impact, if any, this re-use had on the welfare of your animals

	Zebrafish
	Protocol 1. Only a small number of zebrafish were reused in 2021. 9% (2 out of 22) experienced “mild” and 91% (20 out of 22) experienced “sub-threshold”. There were not any welfare concerns on these animals.  



2.7 Has there been any animal wastage? 							         YES    

For example, this may occur when breeding and maintaining genetically altered animals or when animals have been ordered and cannot be used for some technical reason.  

Where wastage has occurred, please explain the circumstances and nature of the wastage plus an indication of the numbers of animals.  Please also provide either the number or percentage of animals that were wasted.
	Circumstances and nature:
Wastage of animals has occurred only in the context of creating and maintaining genetically altered zebrafish. Since we have not yet created GA medaka, this does not apply to them. 

	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol:
Protocol 1) 2022: 2766 fish culled. 2023: 2370 fish culled
Protocol 2) 2022: 225 fish culled. 2023: 317 fish culled



2.8 For licences that authorise the breeding and maintenance of genetically altered animals:
a)	explain how you optimise breeding efficiency, and 
b) explain what use is made of any excess stock animals, and
c) explain if, and how, you have used any transgene repository – national, international, or internal.
	a) We are continuously committed to improving our fish husbandry and breeding program in our aquatic facility by identifying the best fish diets and environments for housing the fish. Therefore, the general loss of animals is minimised. To maintain our genetically altered strains, such as mutants and transgenics, we are trying to minimise the number of animals to be maintained while ensuring that we have enough animals for the maintenance and experiments for our purpose. As zebrafish do not have sex chromosomes, their gender is determined by the environmental conditions. This makes our breeding scheme challenging – we cannot expect to obtain males and females in a one-to-one ratio in the next generation. Under such circumstances, we try to ensure that we obtain both males and females, while minimising the number of fish maintained in our breeding program for genetically altered animals. To create genetically altered animals, we always try to optimise our breeding programs. We estimate roughly how many fry need to be raised to adult to obtain the germline transmitted mutations by performing pilot experiments with non-protected embryos. Similarly, we incorporate a bright transgenic marker or fluorescent protein cassette along with the relevant transgene in our transgenic constructs; this bright gene serves to select embryos with the highest chance of expressing the relevant transgene and only raising these to adulthood. This helps us reduce the number of injected animals to be raised when creating genetically altered animals.
b) As explained in a), we are committed to reduce the excess stock animals in our breeding scheme from the beginning. However, as written in Section 2.7, it is inevitable to have some wastage and excess of animals to maintain genetically altered strains. To avoid contamination with mutant genes, we cannot reuse wild-type sibling animals produced in the breeding of GA animals in any of our Protocols and they have to be euthanised by a Schedule 1 method. We are using cryopreservation to minimise the excess of animals. In this way, we don’t lose the fish lines which are not actively being used and do not require keeping them alive in the facility. So far, we have frozen over 280 lines, contributing substantially to the reduction of animal usage. 
c) Whenever possible, we get GA animals from international repositories EZRC (European Zebrafish Resource Centre) and ZIRC (Zebrafish International Resource Centre). We also regularly obtain mutant strains created in the Sanger mutagenesis project. These mutant strains carry additional mutations, that could be deleterious, and have to be outcrossed several times to remove the deleterious genetic mutations. 



2.9	If you breed genetically altered animals are your strains recorded on a database (e.g., MCMS) that can be 
		a) accessed by other researchers at the University?					         YES    
		b) accessed by researchers outside the University?				 	          NO
		c) would you allow other researchers at the University to use your strains?	         YES    
		d) would you allow external researchers to use your strains with an MTA applied?	         YES    

If you have answered YES to any of these questions please elaborate below:
	All our fish strains are currently maintained and recorded in the database, ARMIS. To our knowledge, ARMIS is shared among University aquatic members and certain personnel have access to the University wide database upon request. Once we have published our strains, we share them with external researchers if they request them, thus contributing to reduction of animals globally.  



If you have answered NO to any of these questions please explain why.
	ARMIS is not accessible to researchers outside the University. This helps to protect information about  our genetically altered strains, many of which are not published yet. 



2.10	Have you been able to refine and/or reduce the impact of contingent harms arising from your use of animals (contingent harms are harms for example that arise from the transportation of animals, single housing animals or housing animals in non-Code of Practice accommodation, etc.).	         YES    

Please explain/provide examples.
	We have been focused on improving the welfare of our fish. Fish have been fed with an optimized diet, including live food. Not only does the live food (brine shrimp) enrich the diet but it allows animals to have natural prey-chasing feeding behaviours that they experience in the wild. Our specialised husbandry regimes have greatly reduced losses during breeding, reducing the number of animals needed to be raised. Males and females are housed together to reduce the chance of females becoming egg bound. On the rare occasions we need to isolate a founder adult fish to establish a new GA line, we ensure this isolated time is minimal and that the isolated animal can see other animals in the next tank. We use plastic plant material for environmental enrichment to reduce stress and allow animals to hide and spawn, especially when animals are kept at a lower density.



2.11	By species and percentage please indicate the source of your animals.

	Species
	Source
	Approx. percentage

	Zebrafish
	Internal
	100% internally bred

	Medaka
	Mostly internal; we initially collected different inbred Medaka strains from institutes in Japan and Germany. These are standard medaka strains that are widely used in the research community.
	80% (internally bred), 20% (externally imported)



2.12	During the tenure of the licence have you requested an amendment to increase/decrease animal numbers?  											             NO

If so which protocols were amended and were numbers increased or decreased, and by how much?
	Protocol No.
	Original estimated Number
	Amended estimated number

	NA
	NA
	NA



If you have increased or decreased animal numbers please explain why this was necessary?
	None






2.13	During the tenure of this licence have you requested an amendment to increase/decrease the severity of any protocols? 									         YES    

If so which protocols were amended and were the severity categories increased or decreased?
	Protocol No.
	Original severity category
	Amended severity category

	Protocol 5
	Moderate
	Severe



If you have increased or decreased the severity category of any of your protocols why was this necessary?
	We realized that despite in-depth checking of animal welfare twice per day in Protocol 5, there may be up to 10% death with clinical signs, such as lesions due to fish chasing (causing tearing of the wound), cannibalism, and break down of tissues. This was addressed in the Protocol 5 amendment granted on 27th April 2023




on

3. 3Rs:

In this section, please explain what steps you have taken during the tenure of your licence that resulted in 3Rs gains.  This might include working with collaborators to refine your model, changing the anaesthetic regime or equipment, etc.  Consider every change you have made and its impact on the 3Rs – even small changes and initiatives can result in 3Rs gains.

The following definitions come from the NC3	Rs website and are included to help you provide information under the most appropriate R below: 

Definitions
Advancing research into animal 
welfare by exploiting the latest
in vivo technologies and by 
improving understanding of 
the impact of welfare on 
scientific outcomes
Appropriately designed and analysed experiments that are robust and reproducible, and truly add to the knowledge base
Accelerate the development and use of models and tools, based on the latest science and technologies, to address important scientific questions without the use of animals














3.1 [bookmark: The_3Rs_definitions]Have you attempted or been able to replace any of your techniques or models with non-animal alternatives?  										         YES    

Please explain.
	Even though our main research model is the zebrafish and medaka model of TB, which allows us to study the complex nature of TB pathogenesis, we also try to investigate TB pathogenesis using the THP-1 human macrophage culture cell line. However, for most of our studies, there are still no substitutes for using animals to study TB, a complex disease that involves multiple interactions of the bacteria with different cell types that cannot be accurately recapitulated in vivo and involves their migration, their aggregation, and their death in multiple ways, that have different impacts on the bacterium. 

Some aspects of TB pathogenesis can be studied using cultured cell lines, such as studying the impact of infection on organelles within the cell. We endeavour to use cells for such experiments but always need to validate our findings in vivo in the fish.  



3.2 Have you been able to reduce your animal usage?  					         YES    

If so, how have you achieved this (e.g., through experimental design, changes to the regulated procedures used)? Please give an indication of the actual numbers reduced.

	In our fish breeding scheme, we cryopreserve our lines to reduce the numbers kept alive and subsequent generations for breeding. We ensure our fish are housed as males and females to reduce them becoming egg bound and subsequently, we can reduce the number of females required. Experimentally, we frequently use the one generation CRISPR (G0 CRISPR) mutagenesis technique, which in many cases, allows us to create somatic CRISPR mutants and to test the function of the gene in our studies without a need for creating full genetic knock out animals. This allows us to perform pilot experiments to rule out the involvement of host genes, thus avoiding the creation of stable lines. Even for phenotypic mutants identified by G0 CRISPR, we only grow stable lines for those in which we need to do further manipulation, such as introducing a second mutation or a transgene into that mutant background. The use of G0 CRISPR technologies has greatly helped reduce animal use by more than  5,000 animals in our best estimate. This is as follows: To study one gene by creating a full knock-out animal, we would need at least 200 animals over multiple generations. This number goes up if we create double or triple genetic mutants, especially if they are adult lethal. We tested more than 25 genes with the one generation CRISPR, giving a reduction of 5000 animals and likely many more.  Finally and importantly, we try to accomplish as many experiments in larval fish, thus avoiding having to breed animals specifically for infection in adulthood. In some cases of course this is not possible and we have to perform adult infections.

To make hypotheses and find target genes and pathways to interrogate, we often use publicly available data sets, instead of generating our own data sets. For example, we use single-cell RNA-seq data for adult zebrafish granulomas (Cronan et al., 2021, Cell, PMID:33761328) and bulk RNA-seq data for adult zebrafish granulomas and macrophages (Cronan et al., 2016, Immunity, PMID:27760340). We also use Daniocell (NIH, https://daniocell.nichd.nih.gov/) zebrafish embryonic single-cell RNA-seq data and BASICz (Wellcome Sanger Institute, https://www.sanger.ac.uk/tool/basicz/) zebrafish adult blood single-cell RNA-seq data. Although it is difficult for us to estimate the exact number of animals reduced by this practice, this allows us to prioritize projects and home in on experiments, thereby likely contributing substantially to the reduction of our animal usage. 



3.3 Are you involved with any tissue sharing schemes either within the University or more widely?  

Please explain:
	As is the case for the zebrafish and medaka research communities, we are not able to participate in tissue sharing schemes. The reason for this is that we rarely use adult zebrafish in our research and this is the general practice in the zebrafish community, which focuses on the unique and enormous benefits of working with larvae. Most of the techniques used in the larvae require the whole animal, e.g., whole mount immuno-staining, due to its small size. We share publicly any data sets that we derive from the use of animals (e.g. Berg et al., 2016, Cell, PMID: 27015311) as well as mutant lines. This is a universal practice in the zebrafish community, allowing us to also benefit from publicly available data, instead of repeating and creating our new data. As examples, we use single-cell RNA-seq data for the adult zebrafish granulomas (Cronan et al., 2021, Cell, PMID:33761328) and bulk RNA-seq data for the adult zebrafish granulomas and macrophages (Cronan et al., 2016, Immunity, PMID:27760340). Using publicly available data for our own analysis has greatly reduced our use of animals, particularly adults.



3.4 Please LIST the techniques and/or animal models you have used on your licence (include GA models).  Later on you will be asked about the 3Rs achievements – please do not detail your 3Rs achievements in this box.

	We use mostly zebrafish and occasionally medaka to study host factors involved in TB pathogenesis and granuloma biology. We have not created any genetically altered medaka in our study, relying instead on available inbred lines. To study zebrafish host factors in TB pathogenesis, we often utilize genetic mutants and transgenic zebrafish strains, mostly created during studies. Since we are interested in diverse aspects of the TB infection and granuloma formation, such as metabolism, cell migration and morphogenesis, organelle biology, inflammation and cell death, we are studying the function of diverse genes using mutants and transgenics. Where possible we have imported lines, however what we have created are not available from other facilities as we have identified new unexpected candidate genes for which mutant lines were not available. We offer our lines to other facilities once published. The following is a list of mutants and transgenics used during this PPL. 
Gene studies using  mutants: tnfr1, tnfr2, ets2, sam68, ptgr1, casp3a, casp3b, casp7, casp8, gba, asah1b, gnptab, mtor, rptor, rictora, hif1ab, hif1an, vhl, atg5, atg12, atg13, atg14, atg101, becn1, pikfyve, baxa, baxb, bida, ccr2, cxcr3.2, cxcr4b, ccr9a, ccr12b.1, xcr1b.3, gpr84, gpr183a, ltb4r1, cmklr1, c5ar1, ccl38a.5, mmp9, prex1, opa1, mnf1b, mnf2, fis1, acat1, dnm1l, mffa, flaprr, dgat1b, nos2a, nos2b, irg1, myd88, pycard, rb1cc1, sting1, alg2, ddit3, mgat2, tugcp3, uxt, ins, csf3r, stat6, g6pd and a few mutants created through the randomized mutagenesis in our forward genetic screening but not mapped yet.  
Transgenic animals are mostly used as reporters. In such cases, the transgene contains the specific promoter, the protein of interest fused with fluorescent protein. These include: Tg(HRE:mCherry), Tg(HRE:GFP), Tg(mfap4:tdTomato-CaaX), Tg(mfap4:Lamp1-mScarlet), Tg(lyz:dsRed), Tg(lyz:EGFP), Tg(mpx:GFP), Tg(irg1:GFP), Tg(tnfa:GFP), Tg(mpeg1:YFP), Tg(mpeg1:tdTomato), Tg(mfap4:MTS-EGFP), Tg(CMV:lc3-GFP), Tg(mfap4: TOMM20-mScarlet), Tg(mfap4:mito-GCaMP3), Tg(mfap4:Lifeact-mRuby2), Tg(mfap4:nlsVenus-P2A-tdTomato-CaaX), Tg(ubb:YFP-hGAL8), Tg(mfap4:myl12.1-mNG), Tg(ubb:Plin2-tdTomato), Tg(mfap4:tdTomato-AHPH), TgKI(cdh1:cdh1-sfGFP), Tg(mfap4:mIRP-T2A-HO1), Tg(mfap4:PH-AKT-mNG), Tg(mfap4:mNeonGreen-CaaX), Tg(ubb:secEGFP-CNA35), Tg(ubb:YFP-hLGALS8), Tg(mfap4:mCh-EGFP-LC3B), Tg(mfap4: mNeonGreen-DEVD-mScarlet), Tg(kdrl:tdTomato), Tg(ubb:loxP-ScarletNLS-loxP-mNeonGreen), Tg(ubb:G-Flamp1), TgKI(cdh1:cdh1-TagBFP-P2A-CCre), Tg(mfap4:lyntdTomato), Tg(mfap4:Lamp1-mWasabi), TgKI(cdh1:cdh1-sfGFP-P2A-CreERT2), TgKI(cdh1:cdh1-sfGFP-P2A-CCre), Tg(mfap4:jGCaMP8f-P2A-mRuby3), Tg(ubb:secA5-YFP), Tg(cd41:GFP), Tg(mfap4:N-Cre-P2A-tdTomato), Tg(mfap4:iCre-P2A-tdTomato).
Sometimes we express the functional protein or bacterial toxin to see their function in the specific subset of cells. These include: Tg(mfap4:uxt), Tg(mfap4:elmo-mWasabi), Tg(mpx:WHIM), Tg(mfap4:dominant-negative-tnfr2), Tg(mfap4:gba) and gba point mutants, Tg(mfap4:human ATG5) and human ATG5 point mutants, Tg(mfap4:ptxA-P2A-tdTomato-CaaX), Tg(hsp70l:timp2b-TagRFP), Tg(hsp70l:ptxA-P2A-TagBFP), Tg(mfap4:ESAT6-GFP), Tg(mpeg1:Cas9), Tg(ubb:loxP-ScarletNLS-loxP-mCherry-opto-casp8), Tg(ubb:loxP-ScarletNLS-loxP-mCherry-bcl2), Tg(mfap4:mScarlet-p110gamma-CaaX), Tg(mfap4:hM4D(Gi)-mCherry), Tg(mfap4:zGRK2ct-P2A-tdTomato).



3.5 How successful have these techniques and/or models been?  

	We have been very successful in the creation and the study of these models. The studies were all performed in strict adherence to our Project Licence and the completed outcomes from those generated models are summarized in Part 4. Scientific Progress; this does not report on the many GA animals being used in ongoing projects where the outcomes are not yet known.



3.6 What limitations, if any, have you encountered?  Were you able to overcome these limitations and, if so, how?

	We did not encounter any limitations. 




3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES    
	
Please provide a list of techniques or models you have been able to refine and the refinements you have made.  Please indicate if you have published or disseminated this information during the tenure of this licence and attach a copy of the publication.

	As stated in Section 3.2, we are currently actively using the one generation (G0) CRISPR method to reduce the number of mutants to be created. Our use of this method is well illustrated in Fan J et al., 2023, PNAS, PMID:36745788.

We refined the overall monitoring our animals and documentations of breeding by installing the ARMIS system in our facilities. This allows us to manage each fish tank by a unique barcode-based identifier. The tank location for all of our tanks is currently recorded in ARMIS. Also, we now communicate the result of genotyping via ARMIS. This practice allows us to monitor our animals with more clarity and fewer mistakes. 



3.8 Do you use systems to monitor the welfare of your experimental animals (e.g., scoring sheet)?													         YES    

If not, why?
	NA





If you do use a welfare monitoring system, what do you use?  Did you refine or modify your system during the tenure of your licence and what impact did this have?

	Everyone who works with zebrafish in the lab gets an extensive initial training to monitor animal welfare and learn the code of conduct, including whom a person contacts when they find an issue. We use a manual paper sheet for monitoring welfare of animals. We also use a web document for recording welfare of animals for each experiment conducted under the protocol.



3.9 Were the end points detailed in your project licence appropriate? 			         YES    
Have you needed to modify them during the tenure of your licence? 			         YES    

Please explain.
	The end points in our PPL have been reviewed and approved. In Protocol 1 for fish breeding, fish exhibiting any unexpected harmful phenotypes or any compromise to their health or wellbeing were immediately killed by a schedule 1 method by trained personnel. We performed an extensive health check of our animals daily. In general, fish that did not show any clinical signs remained under this protocol until 2.5 years of age as they were still in excellent condition and good breeders. In other Protocols, fish of any age, either larvae or adult, were immediately killed by the appropriate method listed in 3.10 by trained personnel as soon as they showed clinical signs. The reason we could not use an earlier humane end point for our experiments listed in these other protocols was that we could not predict and identify individuals more susceptible to infection or chemical treatment in advance. Therefore, we carefully monitored the animals in experiments, caught the earliest onset of distress and euthanized them immediately.

In the amendment granted on 27th April 2023, we increased the severity category and clarified the general humane end points in Protocol 5 in detail. This was because we realized that despite in-depth checking of animal welfare twice per day in Protocol 5, there may be up to 10% death with clinical signs, such as lesions due to fish chasing (causing tearing of the wound), cannibalism, and break down of tissues. 

Under the PPL, fish are euthanized as soon as signs of distress or disease are observed. These signs include lesions on body, protruding scales, loss of balance, and abnormal swimming behaviours. The animals were extensively observed twice daily, morning and evening, by trained personnel to ensure that these signs were caught as early as possible.  



3.10 Please review the non-schedule 1 methods of killing authorised on the protocols on your licence.  In the box below, list each method and beside each clearly indicate which you have used?  Examples of non-schedule 1 methods include: exsanguination, decapitation and perfusion fixation.

	Protocols on our licence authorise the following the methods for killing. 
We have used all the methods below in the course of our work.
1) Killing by Schedule 1 method, then confirmation of death by 
a) Chemical dissociation of tissues (e.g., Phenol, hot shot lysis buffer, detergent-based lysis buffer)
b) Chemical fixation (e.g., Paraformaldehyde, Glutaraldehyde, Dithio-bismaleimidoethane)
c) Snap freezing of fish 
2) Use of ice slush, then confirmation of death by 
a) Chemical dissociation of tissues (e.g., Phenol, hot shot lysis buffer, detergent-based lysis buffer)
b) Chemical fixation (e.g., Paraformaldehyde, Glutaraldehyde, Dithio-bismaleimidoethane)
c) Snap freezing of fish



Were these killing methods the most refined? 						         YES   
Were they the most appropriate for your experimental data?				         YES    

If you have answered NO to either of the above questions please explain. If you were able to refine the way your animals were killed please explain how this was achieved.
	NA





3.11 Have you received awards or funding specifically targeted at the 3Rs?		        NO

If so what was the source of your funding, when did you receive it and what did the funding allow you to achieve?
	We haven’t received any awards or funding specifically targeted at the 3Rs. 






The AWERB 3Rs committee is particularly interested in this section of your review because information you provided here could be of interest and use to other researchers at the University.  

Information that you have included in this section will be included in the UBS 3Rs Search Tool unless you complete the box below.  UBS will only add information to the UBS 3Rs Search Tool section on the UBS website that University staff can log into using their Raven Access.  You should however disseminate all 3Rs finding more widely. 

I do not agree to information provided in this section to be added to the UBS 3Rs Search Tool for the following reason(s).
	This section contains the name of genes or transgenic animals in our studies that have not been published yet. Therefore, we would appreciate it if Section 3.4 is not included in the UBS 3Rs Search Tool. 





4. Scientific Progress and Benefit Achievements:

4.1 Taking into consideration that your licence may not be due to expire, has your research progressed as you expected?									         YES    

4.2 When your licence is due to expire will you have completed the programme of work described in this licence? 										         YES    

4.3 Regardless of whether you managed to complete your programme of work, what have you achieved/discovered during the time since this licence was granted? (Please copy your key scientific questions/objectives which appear at the beginning of Part D, or in the Action Plan, of your project licence into the box below and against each explain what you have achieved/discovered).

	Tuberculosis, humanity’s greatest infectious killer, afflicted 10 million people and killed 1.3 million in 2022. It has once again become the world’s greatest infectious killer after having been displaced by SARS-COV2 for two years. TB remains a global scourge despite great efforts to prevent and cure it. The BCG vaccine has been used for over a century but only provides partial and temporary protection to young children. Antibiotic regimes available for >60 years have to be used in multidrug combination for several months for cure. 

In the last four years, we have made major advances in understanding the pathogenesis of TB and the biology of granuloma with the following five interconnected Objectives. 

Objective 1: Identify host determinants that affect susceptibility to tuberculosis and their mechanism of action.
Objective 2: Determine which host responses to tuberculosis are beneficial and which are detrimental.
Objective 3: Identify bacterial virulence determinants and their mechanism of action in the host.
Objective 4: Determine how specific bacterial virulence determinants interact with specific host determinants to mediate specific disease processes.
Objective 5: Identify bacterial and host druggable pathways and new drugs against TB.

Under this project license, we have continued our decades-long quest to use the power of the zebrafish to better understand the mechanisms of TB pathogenesis and identify new drugs to treat and even prevent TB. During TB a hallmark immunopathological structure called the granuloma forms, and is the epicentre of the battle between host and TB bacterium. Many years ago, we found that zebrafish infected with Mycobacterium marinum, a close cousin of the TB bacillus, develop similar granulomas to humans with TB. 
In this period, we have discovered the details of the multiple pathways, for example the mTOR and the TNF pathways, by which mycobacteria circumvent and exploit host immunity to cause necrosis of macrophages in the granuloma, which favours the bacteria causing morbidity and mortality to the infected individual and transmission of infection to new individuals (Objective 1 and 2). Understanding these pathways has identified already approved drugs that can be used to treat TB as adjuncts to classic antibiotics. Based on our prior work in the zebrafish, a randomized clinical trial of one drug has completed in Vietnam. Proposals to continue new trials using the drugs we have identified through this PPL are being written together with our clinician collaborators. The drugs we have identified include metformin used for diabetes and calcium channel blockers used for high blood pressure and heart problems (Objective 5).
We have found how mycobacterial infection-induced mitochondrial energy metabolism protects macrophages from infection-induced death (Objective 1 and 2). This metabolic adaptation is required for counteracting mycobacterial virulence factor Esat-6 (Objective 3 and 4). We have discovered that the genetic mutation that causes Gaucher disease can be protective against tuberculosis (Objective 1 and 2). Gaucher disease is known to occur with high frequency in Ashkenazi Jews. It has also been proposed that the underlying mutations confer a selective advantage against tuberculosis. This discovery provides biological plausibility for its selection. Broadly, through all of our work, we are determining why many people self-clear TB infection, while others get very sick from it and even die.
Finally, we have developed other granuloma models, Schistosoma-induced and foreign-body-induced granulomas, that can be studies in zebrafish as comparators to the TB granuloma. This enhanced our understanding the kinetics, the function and the uniqueness of the TB granuloma (Objective 1, 2 and 3).

We have made many additional discoveries in the last four years that are still in progress. 




4.4 For key scientific questions/objectives you could not complete either fully or partly, please include an explanation as to why you were not able to achieve what you set out to achieve when the licence was granted (reasons could for example include lack of funding, the model took longer than expected to develop, another group published data which meant continuing the work would equate to repeating the work, etc.).

	We will have achieved the objectives set out in our PPL. We seek to expand on our discoveries through the next PPL to bring us yet closer to an understanding of the TB disease process and how to circumvent and cure it.



4.5 In the expected benefits section of your licence you described the benefits you believed would be likely to arise from your programme of work.  Please explain what benefits have actually been achieved and, if appropriate, explain how these differ from what you anticipated you could achieve when you wrote the licence.

	Based on our discovery of new drugs to fight TB, clinical trials are being proposed by our clinician collaborators. We note that based on discoveries in our PPL preceding this one, two clinical studies were undertaken in Vietnam and Indonesia, respectively. These studies showed that a particular drug, dexamethasone, used as an adjunctive treatment in TB meningitis, is beneficial only to people with a certain genotype. This is as we predicted from our zebrafish work. A randomized clinical trial following up on the promising clinical studies has just completed and analysis has begun. This will allow a genotype-guided treatment that has the potential to save lives. This is the first of its kind in TB.



4.6 Specifically, if you were unable to address any or even all your key scientific questions/objectives what impact did this have on the benefits arising from your work?

	We were able to meet all of our key objectives. 





4.7 Were you able to identify/develop/implement any new scientific or technical developments during the tenure of this licence? 									          YES    
If so, what were these and what were/was the benefit(s)?  
	Yes, we have achieved a detailed understanding of TB disease processes, leading to new drugs that have been or are being validated in humans with TB, as detailed in 4.5



4.8	Using the headings below please provide a list of publications and meetings attended where research arising from work undertaken under this licence has been disseminated.  
Please highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated.
Please only include publications arising from research undertaken under the authority of this licence.  If you have papers in press please include these.
	We strongly believe that our work embodies 3Rs. Historically, tuberculosis research has been carried out with mammalian species, including, mice, guinea pigs, and more recently with non-human primates. We have successfully shown that using zebrafish, especially in their larval stages, infected with Mycobacterium marinum can lead to a profound understanding of human tuberculosis pathogenesis and discoveries of druggable targets and potential adjunct therapy strategies. Indeed, as stated above, clinical studies and trials resulting directly from our zebrafish larval studies are in progress. Therefore, our work can reduce the usage of mammalian species in TB research, and this is the reason why we highlight all our publications and presentations in bold below.    

Publications in scientific journals:

[1] Mycobacterium tuberculosis pathogenicity viewed through the lens of molecular Koch's postulates. 
Ramakrishnan L. Curr. Opin. Microbiol. 2020 Apr:54:103-110. doi: 10.1016/j.mib.2020.01.011.
PMID: 32062573

[2] Schistosoma mansoni Eggs Modulate the Timing of Granuloma Formation to Promote Transmission. 
Takaki KK, Rinaldi G, Berriman M, Pagán AJ, Ramakrishnan L. Cell Host Microbe. 2021 Jan 13;29(1):58-67.e5. doi: 10.1016/j.chom.2020.10.002. PMID: 33120115

[3] Tumor Necrosis Factor and Schistosoma mansoni egg antigen omega-1 shape distinct aspects of the early egg-induced granulomatous response. 
Takaki KK, Roca FJ, Schramm G, Wilbers RHP, Ittiprasert W, Brindley PJ, Rinaldi G, Berriman M, Ramakrishnan L, Pagán AJ. PLoS Negl Trop Dis. 2021 Jan 19;15(1):e0008814. doi: 10.1371/journal.pntd.0008814. PMID: 33465071

[4] The C terminus of the mycobacterium ESX-1 secretion system substrate ESAT-6 is required for phagosomal membrane damage and virulence. 
Osman MM, Shanahan JK, Chu F, Takaki KK, Pinckert ML, Pagán AJ, Brosch R, Conrad WH, Ramakrishnan L. Proc Natl Acad Sci U S A. 2022 Mar 15;119(11):e2122161119. doi: 10.1073/pnas.2122161119. PMID: 35271388

[5] Design and Husbandry Considerations for a Containment Level 2 Aquatic Facility.
Goodwin N, Westall L. Zebrafish. 2022 Apr; 19(2):55-66. doi: 10.1089/zeb.2021.0086. PMID: 35439044

[6] Tumor necrosis factor induces pathogenic mitochondrial ROS in tuberculosis through reverse electron transport. 
Roca FJ, Whitworth LJ, Prag HA, Murphy MP, Ramakrishnan L. Science. 2022 Jun 24;376(6600):eabh2841. doi: 10.1126/science.abh2841. PMID: 35737799
 
[7] mTOR-regulated mitochondrial metabolism limits mycobacterium-induced cytotoxicity. 
Pagán AJ, Lee LJ, Edwards-Hicks J, Moens CB, Tobin DM, Busch-Nentwich EM, Pearce EL, Ramakrishnan L. Cell. 2022 Sep 29;185(20):3720-3738.e13. doi: 10.1016/j.cell.2022.08.018. PMID: 36103894 

[8] Introduction to Laboratory Animal Science, Technology and Welfare. Third Ed. Institute of Animal Technology, Nov 2022, Goodwin N wrote Zebrafish chapter.

[9] Gaucher disease protects against tuberculosis. 
Fan J, Hale VL, Lelieveld LT, Whitworth LJ, Busch-Nentwich EM, Troll M, Edelstein PH, Cox TM, Roca FJ, Aerts JMFG, Ramakrishnan L. Proc Natl Acad Sci U S A. 2023 Feb 14;120(7):e2217673120. doi: 10.1073/pnas.2217673120. PMID: 36745788 

[10] Redefining tuberculosis: an interview with Lalita Ramakrishnan.
Ramakrishnan L. Dis. Model Mech. 2023 Mar 1;16(3):dmm050189. doi: 10.1242/dmm.050189.
PMID: 36951140

	Publications pending, or under review: N/A


	Presentations at scientific meetings:
[1] Jan 2020 Weizmann Institute, Rehovot: ‘Next Gen Immunology 2020’ 
[2] Dec 2022 4th International Conference on Rare Diseases (RARE 2022), Vienna, Austria Lecture presentation (this conference had patient, family, and organization advocates) 
[3] Jul 2023 12th European Zebrafish Meeting, Krakow, Poland (Lecture presentation by Nicola Goodwin on creating CL2 facility)
[4] Oct 2023 The Company of Biologists, London: ‘Infectious Diseases through an Evolutionary Lens’ 
[5] Feb 2024 Annual Retreat, Division of Immunology Transplantation and Infectious Disease, Italy: lecture presentation Mar 2024 Keystone Conference, Colorado. Tuberculosis: The Host Pathogen Interface 
[bookmark: x__Hlk119073363][6] Apr 2024 128th International Titisee Conference, Germany ‘Organelle communication: from fundamental understanding to therapeutics’ 
[7] Apr 2024 7th TOLL Conference, Rotterdam


Have you remembered to highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated?

4.9 Have you engaged with the general public by giving interviews about your work on radio, television, at a public meeting or debate or in a newspaper article?					                YES    

If you answered NO: why?
	




If you answered YES: how, where (i.e., what medium did you use) and when did you engage with the public, what sort of information did you disseminate and what was the outcome?
	We are committed to engage with the public and let them know what we research. The following is a list of our commitments with the public.

[1] Tumour necrosis factor induces pathogenic mitochondrial ROS in tuberculosis through reverse electron transport.
Press release published 24 Jun 2022, for the paper Section 4.8 [6] from MRC Mitochondrial Biology Unit.
https://www.mrc-mbu.cam.ac.uk/news/tumour-necrosis-factor-induces-pathogenic-mitochondrial-ros-tuberculosis-through-reverse

[2] Pathway behind pathogenic mechanism of tuberculosis identified.
Press release published 24 Jun 2022, for the paper Section 4.8 [6] from LMB.
https://www2.mrc-lmb.cam.ac.uk/pathway-behind-pathogenic-mechanism-of-tuberculosis-identified/

[3] Identification of pathway that enables resistance to tuberculosis.
Press release published 29 Sep 2022, for the paper Section 4.8 [7] from LMB.
https://www2.mrc-lmb.cam.ac.uk/identification-of-pathway-that-enables-resistance-to-tuberculosis/

This publication was highlighted in Nature on 23 Sep 2022.
How do humans resist tuberculosis? With a metabolic protein’s help.
https://www.nature.com/articles/d41586-022-02987-z

[4] Rare genetic disease may protect Ashkenazi Jews against tuberculosis – new study.
An article published in The Conversation on 6 Feb 2023 written by L. Ramakrishnan and L. Whitworth.
https://theconversation.com/rare-genetic-disease-may-protect-ashkenazi-jews-against-tuberculosis-new-study-199146

[5] Rare genetic disease may protect Ashkenazi Jews against TB
Press release published 06 Feb 2023, for the paper Section 4.8 [8] from University of Cambridge.
https://www.cam.ac.uk/research/news/rare-genetic-disease-may-protect-ashkenazi-jews-against-tb

[6] LMB Open Day
This was an event to showcase our research to the public in LMB. We made an exhibition and a presentation for the public to explain our research. A member in our group explained the TB research using fish models and shared his discoveries with lay audience.

[7] Redefining tuberculosis: an interview with Lalita Ramakrishnan
An interview article published in Dis. Model. Mech. 2023 PMID: 36951140

[8] Tuberculosis: Research towards Eradication | Jonathan Shanahan | TEDxThe Perse School Cambridge https://www.youtube.com/watch?v=Lt2LWnu1pvw
A TEDx talk given by a member in our group explaining the cutting edge of TB research and how fish models help. This is currently available to watch on YouTube, uploaded on 21 Feb 2024.






a. 

5. Project Licence management information.

5.1 Amendments (if applicable):
Provide dates and a summary of all amendments made to this licence (i.e., what each amendment requested and why it was required) since the licence was granted (or if appropriate since the licence was last reviewed).  
Please read questions 2.11 and 2.12 – for amendments that apply to this question including those that apply to either 2.11 or 2.12, please provide the date of the amendment here and, if relevant, a note that further information can be found in Section 2.11 or 2.12.

	In the duration of this PPL, we amended the PPL three times listed below. We are currently in the process of PPL amendment. We summarize our current proposal for the amendments at the end of this section.

26th November 2020
a. Summary
(1) Modifying the name of Establishment (MRC LMB)
(2) Clarifying that the project does not involve the use of neuromuscular blocking agents (NMBAs)
b. Reason
The above two were required to be further clarified in PPL (1, 2).

27th April 2023
a. Summary
(1) Changing of the personnel responsible for supervising the work at Establishment
(2) Clarifying the potential adverse effects by tissue sampling procedures and how to handle them in Protocol 1
(3) Modifying the expected severities in Protocol 5 (adding a severe category)
(4) Modifying the maximum volume of injection into the adult fish in Protocol 4 and Protocol 5
(5) Clarifying the conditions of housing larvae in Protocol 4 and Protocol 5
(6) Clarifying the humane endpoints in Protocol 5
(7) Clarifying the potential adverse effects on fish by the gamete collection in Protocol 6
(8) Clarifying the conditions of housing larvae in Protocol 7
b. Reason 
Due to the reason written in 2.13, we changed the severity level in Protocol 5 and clarified the humane endpoints (3, 6). We wanted to provide detailed conditions where animals are housed and experience in Protocol 4 and Protocol 7, especially withholding food and the lighting condition of the incubator (5, 8). We realized that the maximum volume allowed to be injected into adult fish needed to be increased to perform certain experiments (4). The possible adverse effects on fish by tissue sampling and gamete collection experiments were needed to be clarified (2, 7). 

4th December 2023
a. Summary
(1) Clarifying the conditions of long-term microscopy experiment in Protocol 4
(2) Adding the Juvenile stage of fish in Protocol 4 and Protocol 5 and clarifying handling of them
b. Reason
We wanted to clearly provide clarification where fish are housed during long-term microscopy experiments (1). Previously we were permitted to perform experiments with larvae up to 14 days-post-fertilisation or with adults, but it did not cover the duration between these stages. In order to gain a better understanding of the pathological processes of tuberculosis, we proposed the usage of ‘Juvenile’ to cover the duration of time between larvae and adults (2). 

Amendments in process June 2024
a. Summary
(1) Clarifying general humane endpoints in Protocol 1
(2) Clarifying general humane endpoints in Protocol 2
(3) Clarifying general humane endpoints in Protocol 3
(4) Including Juvenile and Adult in Protocol 2
(5) Clarifying the Protocol Justification in Protocol 4
(6) Adding the injection of “inert particles” in Protocol 5
(7) Adding/clarifying the injection sites in Protocol 5
(8) Adding the optional step (thermal shifts) in Protocol 4
(9) Adding the optional step (parabiosis) in Protocol 4
(10)  Increasing the maximum number of animals in Protocol 3. 
b. Reason
Previously we didn’t specify the humane endpoint for Protocol 1-3 and found the need for clarification (1-3). To breed GA animals created in Protocol 2 without changing the Protocol (4). Even though we precisely wrote the possible loss of animals in any of our procedures in the Action Plan, we found the need for clarification specifically for Protocol 4 (5). To perform experiments by injecting inert particles in Protocol 5 (6-7). To perform experiments changing the expression/activity of the gene by thermal shifts in Protocol 4 (8). To perform experiments testing the cell intrinsic effects of the gene by parabiosis. (8, 9) were in the previous PPL, but accidentally were omitted in the current licence.  In years 3 and 4, we used slightly more animals than we anticipated for one year in Protocol 3. This is because our work required us to study mutants that show deleterious phenotypes unrelated to the infection phenotypes (10).  



5.2 Project licence Standard Condition 18 Reports (if applicable):
Provide dates and copies of all Condition 18 reports sent to the Home Office since the licence was granted (or if appropriate since the licence was last reviewed).  Copies of any reports should be attached/supplied as separate documents please.

	We sent 25 Condition 18 reports to the Home Office in the period covered by this PPL to the end of 2023.
Dates represent date of filing the report. Some single reports cover more than one category as summarized below: 

(1) Fry loss before 30dpf exceeded 15% in Protocol 1
12/01/2022, 04/10/2022, 02/11/2022, 06/02/2023, 28/02/2023, 31/03/2023
(2) Adults found dead likely due to Picorna virus infection in Protocol 1
21/04/2022, 30/09/2022
(3) Adults found dead likely due to genetic cause in Protocol 1
27/06/2022
(4) Fry loss before 30dpf exceeded 15% in Protocol 2
06/02/2023, 07/11/2023
(5) Fry loss before 30dpf exceeded 35% in Protocol 2
29/09/2023, 05/11/2023, 06/11/23, 07/11/2023
(6) Fry loss before 30dpf exceeded 35% in Protocol 3
04/10/2023
(7) Adult fish showing clinical signs associated with a specific mutation in Protocol 3
26/10/2022
(8) Adults found dead after infection in Protocol 5
03/08/2020, 04/05/2021, 23/11/2021, 17/02/2022, 10/03/2022
(9) Adults didn’t recover from anaesthetic in Protocol 5
03/04/2021, 15/11/2021, 28/07/2023



5.3 Non-Compliance (if applicable):
Provide the date, a summary of the nature of any non-compliance and the outcome (or if appropriate since the licence was last reviewed).

	In Section 5.2, the incident (3) reported as Condition 18 was non-compliance case. This was filed on 27/06/2022. 10 adult fish were found dead in a tank without water flow. However, several fish in the same tank had been detected to have a genetic problem (clamped fin) and potentially the reason was associated with this genetic cause.  



5.4 Compliance Assurance Meetings [CAMs] or Root Cause Analysis (RCA) meetings (if applicable):
Provide the date, a summary of the nature of any incident and the outcome, if known (or if appropriate since the licence was last reviewed).

	NA





5.5 Have there been any other issues that have affected the management of this licence that you feel should be taken into consideration, (e.g., equipment failure, absence of key staff, change in the health status of the animal unit etc.)?

	NA








6 Retrospective Assessment:  

Project Licence Holder check list:
	AWERB requires the following documents
	Documents sent to AWERB

	Completed copy of this form
	

	Copies of Condition 18 reports (if applicable)
	See Condition 18s (zipped)

	Copies of 3Rs publications (if applicable)
	See PubMed (if applicable)







For UBS office use only:
	
	Date

	1. Retrospective assessment form sent to project licence holder
	22/11/2023

	2. Retrospective assessment form received by the Project Support Team
	

	3a. Project Support Team meeting 
	

	3b. 3Rs committee
	

	3c. AWERB Standing Committee
	

	4. Process completed
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