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UK-Canada Study: 
“Seminal cytokine profiles as markers of bovine sperm quality”

This study aimed to:
1. determine if variations in 

multimodal spermatozoa (spz) 
quality parameters were 
associated with seminal plasma 
cytokine concentrations. 

2. investigate semen cytokine 
interactions

3. investigate cytokine associations 
with field breeding outcomes



RAFT, BVG,HKVS & InSHAW
Research
Advanced breeding
Food futures
Training

“Innovation in Sustainable 
Livestock Food”
RAFT established in October 2010
Developed by Bishopton Vet Group

www.raftsolutions.co.uk



What we do

Innovation in Sustainable Livestock Production
Innovation pipeline incubator        Market entry exploitation “spin-out” generator



Research
• We deliver:

• UKRI, IUK BBSRC, NRC IRAP & Horizon Europe
• Clinical field trials to GCP standards,
• Collaborative translation of technologies into Ag-tech to deliver appropriate 

solutions to vets, farmers and industry,
• Dedicated and experienced project management team including Recognised 

PRINCE2 Practioners.

• Joint service with Fera Science ‘Lab to Livestock’, VetDx and InSHAW
• Developing publications and linking to our advanced breeding, consultancy 

and training divisions to facilitate application in the field 



Advanced Breeding
• Semen quality analysis ‘SemenRate’ 

an independent lab service
• Fertility assessment
• Embryo transfer
• Ovum Pick Up/In-Vitro Fertilisation
• Bull semen collection
• Residential centre
• Genomics



Food Futures • Bespoke consultancy programmes for 
processors, retailers, farmers, Government and 
others

• Linking livestock health, nutrition and fertility 
with resource use efficiency to understand the 
foundations to sustainable livestock production

• Management of industry wide livestock 
sustainability, health and disease control 
programmes – The National Johne’s 
Management Plan and AHDB Health Schemes, 
BVD Free …



Training

• Practical, small group, veterinary-led training in key livestock 
management delivered via VetSkills and FarmSkills brands

• Knowledge exchange to support 
exploitation/commercialisation of solutions

• Sustainability in Livestock Production
• Precision Livestock Farming – adding value ‘in the field’
• OneHealth 
• InSHAW



Networks

R

R

R UK, Ireland, 
Canada, 
New Zealand
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Global Organisations & Networks



EAAP Porto 2022-Reproductive PLF strategies for 
Resilience & Efficiency …and sustainable food…



“Dairy herd reproduction management strategies  for improved efficiency” 

Goals?
• Efficiency & Resilience for:

• Food security?
• GHG mitigation..sustainability?
• Genetic progress?

• Definitions:
Reproductive Efficiency (Pregnancy rate) = (CR x SR) 
CR=Conception Risk – more difficult to improve
SR=Submission Rate – easier to change…



Sustainable breeding project 2021-2024
• Jointly funded project – UK and 

Canadian partners
• Allowed for mirrored 

applications of technologies in 
both countries

• Multiple work packages
• Semen Analysis
• Germplasm transportation
• Semen quality markers

• Combination of UK and 
Canadian based companies led 
by RAFT Solutions

UK-Canada: enhancing 
agricultural productivity and 

sustainability 
Application 60115



I. Semen Analysis
• Semen quality analysis ‘SemenRate’ 

an independent lab service
• Fertility assessment
• Embryo transfer
• Ovum Pick Up/In-Vitro Fertilisation
• Bull semen collection
• Survey cytokines from >90 bulls






Predicting field 
outcomes from 
multimodal 
andrology with 
SemenRate®



Vincent et al 2012



Sellem et al 2015



Bow Valley Genetics
Advanced Breeding company based in Alberta & 
Saskatchewan, Canada
• Established in 2009
• SemenRate  Laboratory in Western Canada
• IVF laboratory
• Semen production stud
• Team of 19

• Bow Valley Genetics now fully equipped with flow 
cytometry and a calibrated CASA procedure to the 
equipment used for SemenRate®

• SemenRate  deployed with BVGL.

• Collaboration between BVGL and RAFT

• WCVM & OVC members supporting



II. Immuno-priming cytokines and 
AI Semen Processing

• Cytokines orchestrate pathophysiological inflammation and priming 
of the cervix/uterus for embryo implantation. 

• Artificial insemination (AI) is one of the key, farm-based reproductive 
interventions in assisted reproduction technologies. 

• Bovine Germplasm Collection - well established

• Routine semen preparation techniques from bull ejaculates involve 
washing and diluting sperm to target concentrations prior to their 
cryostorage; 

• Semen processing consequently can result in seminal fluid 
immunomodulatory moieties such as cytokines/chemokines 
being removed. 



Seminal cytokine networks
• Seminal plasma governs the development of maternal 

reproductive tract immunomodulation essential for the 
establishment of pregnancy and maternal tolerance of the 
foetal allograft

• immunomodulatory moieties such as cytokines, steroid 
binding proteins and prostaglandins result in the 
relocation of immune effector cells to implantation sites 
and other mucosal surfaces 

• genital tract immune defences are inhibited, resulting in 
reduced cell-mediated responses and immunosurveillance

• individual cytokines studied- but cytokines operate as 
networks, exhibiting synergy, antagonism and functional 
redundancy –we consider the putative interactions with 
other mediators in governing their own concentrations

• What is the extent to which these seminal cytokines 
profiles are conserved across species?? 

[Johnson et al 2017]



Seminal cytokines and fertilisation
The aim of this study was 
therefore to analyse bull semen 
from a range of breeds with a 
view to: 

(i) identify the presence and 
concentration of multiple 
seminal fluid cytokines, 

(ii) relate these profiles to lab semen 
quality parameters, and 

(iii)to identify which of these would 
be putative biomarkers of semen 
quality and key to uterine 
priming. 



Study Method
Individual bull semen ejaculates (c.90) 
were collected on-farm and split; 
• (i) diluted 1:1 in PBS with 0.5% 

polyvinyl alcohol and protease 
inhibitor and snap frozen for cytokine 
analysis, and 

• (ii) profiled for spz concentration, 
normal Semenrate® morphology, 
motility parameters, mitochondrial 
activity and acrosome integrity                                    



Survey Results: immuno-priming cytokines
Measurable seminal plasma cytokine profiles identified

• Samples were analysed for interleukin (IL)-1α, IL-
1β, IL-4, IL-6, IL-8, IL-10, IL-17a, IL-36a, 
inflammatory protein (IP)-10, interferon-
inducible T cell α chemoattractant (I-TAC), 
macrophage chemotactic protein (MCP)-1, 
macrophage inflammatory protein (MIP)-1α, 
MIP-1β, thymus-expressed chemokine (TECK), 
tumour necrosis factor (TNF)-α and vascular 
endothelial growth factor (VEGF)-A 

• a combination of enzyme-linked immunosorbent 
assay (IP-10, ITAC, TECK) and fluid-phase 
multiplex immunoassay (other analytes). 

• All analytes were detectable except IL-4 and I-
TAC



Analyse interactions between immuno-priming cytokines 
and SemenRate®

• Random forest-based analysis with 5-
fold cross validation and feature ranking 
for each of the objective sperm 
parameters suggested that morphology 
and motility parameters from 
SemenRate® in particular could be  
identified using only 5 cytokines 
(features). 

• Initial data showed positive correlations 
between a subset of cytokines and spz 
concentration, motility parameters and 
acrosome integrity. Statistically 
significant (P<0.05) negative correlations 
were noted between acrosome integrity 
and certain cytokines. 



Analyse interactions between immuno-priming cytokines

• It is well recognised that cytokines operate as part of 
complex biological networks characterised by synergy, 
antagonism and functional redundancy.

• Seminal plasma cytokine interactions were modelled in silico 
using Bayesian networks to identify - in conjunction with the 
random forest analysis output – the key drivers of these 
cytokine networks. 

• This approach will potentially enable a reduced agent 
formulation to use in AI treatment at the time of sperm 
delivery to replace missing immunomodulatory moieties.

Bayesian network of target cytokine 
interactions



III. In-field validation – SemenRate® Outcomes  Project

• The SemenRate “outcomes” project has been progressing and is 
gathering a substantial data set. The aim of this is to investigate 
the links between semen quality and real-world breeding and 
fertility outcomes. 

• These data are divided into three areas: 
1. Individual Cow Data which has pregnancy diagnosis (PD) 

data
2. Conception Risk data from the SemenRate analysis 

database against the conception rates recording on farms
3. A national data set of all calf births (c.40% with sire data)



In-field validation –SemenRate®Outcomes Project
1. Individual Cow Data with proactive breeding pregnancy diagnosis 

(PD) data
2. Conception Risk data from the SemenRate analysis database

• XLVet practices, subcontracted to the project, throughout England  
submitted c. 200 batches of commercial bull AI semen used for breeding 
cows and heifers on their dairy and beef herds

• Working in communication with RAFT, the practices are providing PD 
breeding outcome results from their herds bred with the same batches 
of semen that have been analysed by RAFT in our lab using  

• The analysis of these results is providing an outcome study for these 
farms at this time and also adds to the existing  outcomes data base. 

• This work and analysis is ongoing in 2024.



Conclusions and further work
• These preliminary findings suggest that seminal 

plasma cytokines show potential for use as 
surrogate indicators for conventional spz 
parameters and reflect the semen quality of bull 
ejaculates.

• Development of an additive/supplement including 
important cytokines for fertilisation offers a 
prospect for improved field fertilisation outcomes

• Further work is underway to investigate these 
laboratory and field fertility relationships in more 
detail in UK and Canada
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