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Please specify priority area(s) of research this project relates to from the National 

Prioritisation Research Exercise* (NRPE) report; 

 

Priority Area (s)  

 

 

Key words: Rapid flow cytometric assay, Staphylococcus aureus, early detection, chilled 

ready meals 

 

1. Rationale for Undertaking the Research  
 
Currently, the analysis of ready to eat foods  for the presence of S. aureus requires initial plating and 
incubation steps that take 48 hours, subsequently if presumptive colonies are found a further 4-5 days 
of confirmatory testing are required before products are cleared free of this pathogen. This analytical 
method places a major time constraint on food safety, as it does not generate data rapidly enough to 
enable real time reaction to product safety during the manufacturing process of ready-to-eat foods. The 
entire pathogen identification process also places further constraints on the optimal time for the 
product to be released to the market, which adversely affects foods with shorter shelf life. This becomes 
a major economic constraint for producers when attempting to retain and expand food export markets, 
especially in a competitive market where food manufacturers are seeking to minimize production costs. 
 
This research project addresses the above issues by allowing the development of a rapid highly specific 
assay for the detection of food-borne pathogenic S. aureus to ensure that food ingredients and 
manufacturing environments meet the regulatory guidelines ([EC] No. 2073/2005 on microbiological 
criteria for foodstuffs).The development of a novel rapid assay for coagulase-positive S. aureus in chilled 
ready meals should protect existing markets and provide additional reassurance for producers who wish 
to expand their activity to new markets. In terms of public health benefits, the development of rapid 
methods for the screening at Critical Control Points will ensure a more secure food chain, while for 
public health laboratories, it will allow a quicker response time to food safety analyses with a more rapid 
feedback for both consumers and food manufacturers. 
 
The new assay should allow a shorter total time to result (TTR) compared to the selective agar plating 
method, enabling food producers to rapidly identify coagulase-positive S. aureus both in samples 
originating from the production process as well as in the final product. Thus, the research will 
significantly enhance consumer safety and provide an extra degree of security for the producer. 

 

2. Research Approach  
 
In order to develop a rapid prototype immune-FCM based assay for S. aureus in ready-to-eat meals, the 
following key technical issues were addressed:  
 

o Identification of commercial primary antibodies capable of labelling S. aureus specifically within 
mixtures of strains; identification of secondary conjugates capable of generating high mean 
fluorescence intensity signals detected by FACS or bench-top flow cytometers.  Subsequently 
these antibodies were integrated into a novel prototype assay which featured commercial 
antibodies detecting S. aureus with enhanced sensitivity and generating high signal to noise 
intensity for use in FACS-based assays in broth systems and in food products such as chilled 
ready meals. 
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o Translation of the prototype assay from the initial prototype assay which involved relatively 
expensive and highly technical FACS technology to inexpensive bench-top flow cytometers 
suitable for routine quality control laboratories or for on-site quality control monitoring. 

 
o Testing and validation of the novel-FCM assay using food samples (evaluation and optimisation 

of the prototype assay by comparison with current ISO methodologies).The testing was focused 
on providing a direct comparison between the current 48-hour selective plating method on 
Baird Parker agar and the new cytometric assay.    
 

 

According to the originally approved project proposal, the pre-existing partners in the DAFF-funded 
project: the Public Health Microbiology Laboratory, St. Finbarr’s Hospital in Cork and Dawn Fresh Foods 
were obliged to perform a comparison of the prototype FCM analysis with ISO methods using split 
sampling and spiked products. During 2013, Dawn Fresh Foods - the industrial partner - ceased 
operations, which presented issues with the sourcing of commercial ready meal samples and with the 
running of comparative quality control testing using a conventional and novel flow cytometric assay. 
While other suppliers were approached it was not possible to source directly from the factory floor a 
range of commercial ready meal samples. Therefore the project utilised ready to eat foods such as retail 
sliced meat samples such as chicken pieces.  The main work programme continued to focus on FCM 
assay development. A quality testing regime was also discussed with the Public Health Microbiology 
Laboratory in order to ensure generation of valid comparative data. 
 
In 2014, despite best efforts at accessing new suppliers who would enable us to commence the 
comparative testing, we did not receive access to these commercial ready meal suppliers that would 
enable us to undertake the comparison testing.  Therefore, comparative data was limited to data 
generated at UL which involved a comparison between the developed immuno-FCM method and the 
ISO/EN gar plate method based on the advice received from PHML. 
 
In order to further improve the discriminatory ability of the prototype FCM assay, novel custom made 
antibodies were sourced based on a specific protein sequence of the coagulase enzyme derived from S. 
aureus. However, these antibodies were only delivered in late March 2014 and were initially assessed 
for their specificity to detect only coagulase-positive S. aureus. However preliminary data indicated that 
one of these novel antibodies could specifically detect the presence of coagulase-positive S. aureus 
cultures. 
 

 

3. Research Achievements/Results  

 
o Identification of commercial primary antibodies capturing Staphylococcus aureus which did not 

cross-react with a diverse range of other unrelated Staphylococcal food-borne pathogens. 
o Development of novel custom made antibodies for detection of coagulase-positive S. aureus 

cells in FCM-based assay.    
o A protocol for S. aureus labelling with primary and secondary (PE-conjugated) antibodies and for 

live/dead viability staining was established in pure culture and in ready-to-eat food samples 
(cooked chicken pieces).  

o A novel sample clean-up protocol was established after extensive investigations. This step was 
crucial for development of a successful assay as it required the removal of food particles which 
not only could block FCM and FACS machines but also had high affinity for the antibodies and 
viability stains. This protocol combined dilution, stomaching, a range of filters of various size 
exclusions, centrifugations at various time and speed levels, washing and density gradient 
centrifugation. 
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o Confirmation of the ability of the immuno-FCM assay to detect and enumerate ‘live’ S. aureus 
cells using FACS sorting of antibody-labelled ‘live cell’ regions onto solid Baird-Parker agar 
plates. 

o Translation of the developed rapid prototype immune-FCM based assay for detection of live S. 
aureus in ready-to-eat meals, such as cooked chicken, onto a bench-top flow cytometer (Accuri 
C6, BD Biosciences).  

o Development of a prototype of immune-FCM based assay for detection of live S. aureus in swab 
samples obtained from contaminated process surfaces. 

o Sensitivity of the FCM assay ranged from 106to105cfu/g; however, the result was obtained 
within 8 hours vs. 48 hours on Baird-Parker agar plates. 

 

4. Impact of the Research 

 

4(a) Summary of Research Outcomes 

 

(i) Collaborative links developed during this research 
 
Research links with Prof Richard O’Kennedy (DCU)were established for generation of novel antibodies 
for FCM-based immunoassays for DPTC proposal during the course of this project. This collaboration 
with DCU and PHML formed the basis of a successful proposal funded as part of the Enterprise Ireland 
Dairy Processing Technology Centre (DPTC).  
Discussions were undertaken with University of Limoges, France, regarding a visit by UL personnel 
during 2014 for examination of an advanced cell imaging system, which may allow direct visual 
discrimination of data, i.e. distinguishing cells from debris in food samples. This visit was scheduled for 
summer 2014. Unfortunately, due to long term absence of Prof Martin Wilkinson (on sick leave since 
summer 2014) the visit was postponed. 

 

(ii) Outcomes where new products, technologies and processes were developed 

and/or adopted  
 

o Development of novel prototype qualitative immuno-FCM assay for detection of live S. aureus 
cells in liquids, e.g. broths. 

o Development of novel prototype qualitative immuno-FCM assay for detection of live S. aureus 
cells in ready to eat foods, such as cooked chicken pieces within 8 hours. 

o Development of prototype qualitative immuno-FCM assay for detection of live S. aureus cells in 
swab samples obtained from contaminated process surfaces within 8 hours. 

o Development of novel custom made antibodies for detection of coagulase-positive S. aureus 
cells in FCM-based assay based on identification of a specific DNA protein coding sequence. 
 

(iii) Outcomes with economic potential  
 

o Award of Commercialisation Feasibility Support Grand from Enterprise Ireland, Reference 
Number CF20130071Y.  The study has been completed and has clearly identified and supported 
the need for novel rapid pathogen detection methods for use in the Irish Food Industry. 

o Submission of successful proposal for immuno-FCM pathogen detection in dairy products to 
Enterprise Ireland Dairy Processing Technology Centre (DPTC). The project commenced June 
2015 and is funded for 5 years.  

 

(iv) Outcomes with national/ policy/social/environmental potential 
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The project has further advanced the national expertise in the emerging area of flow cytometric 
detection of pathogens in food products. In terms of national scientific personnel the project has 
generated a highly trained microbial flow cytometrist Dr Malgorzata Tecza, with unique expertise in the 
application of immuno-FCM assays in food products. This expertise has now been utilised by Dr Tecza in 
an EU funded FP7 project on detection of pathogens in dried herb and spice ingredients.  The UL section 
of the project is led by Prof Wilkinson. Protection of consumer health and safety is a major objective for 
the Irish Food industry which employs many people in the manufacture of ready meals and uses Irish 
ingredients such as chicken and other meats in their products. Therefore the project has contributed to 
social potential by enhancing knowledge on food safety and developing a novel rapid FCM assay which 
could enable protection of consumer health and consequently securing jobs in the Irish Food industry. In 
terms of environmental potential, the application of rapid FCM based analytical technology involves use 
of minimal quantities of reagents (microlitres) against larger scale solid media based testing (litres of 
media and plastic agar plates) which could reduce the environmental impact from reduced waste 
disposal.  All above aspects of FCM based analytical methodology may feed into national policy 
discussions regarding the future of food safety enforcement in Ireland.  
 
 
 

4 (b) Summary of Research Outputs 

 

(i) Peer-reviewed publications, International Journal/Book chapters. 
  
NA 

 

(ii) Popular non-scientific publications and abstracts including those presented 

at conferences 
 
NA 

(iii) National Report 
NA 

(iv) Workshops/seminars at which results were presented  
 
Detection of live S. aureus cells in food matrix by means of FCM-based immunoassay- presentation and 
discussion of the results with the project partner in the Public Health Microbiology Laboratory, St 
Finbarr’s Hospital in Cork in December 2013. 
Attending lectures and discussing techniques for cell capture in food samples with main commercial 
suppliers of sample clarification equipment -  
Attendance at Rapid Methods Europe (RME) Conference in the Netherlands in March 2014. 
 

(v)  Intellectual Property applications/licences/patents 
Patent application currently under discussion with Technology Transfer Office in UL and hence 

we wish to keep the information in this report confidential. 
 

(vi) Other 
NA 
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5. Scientists trained by Project 

 

Total Number of PhD theses:       NA 

 
 

Total Number of Masters theses:       NA 

 
 
 

6. Permanent Researchers  

 

Institution Name Number of Permanent staff 

contributing to project  

Total Time contribution (person 

years) 

UL 1                                           0.1 

Total   

 
 

7. Researchers Funded by DAFM 

 

Type of Researcher Number Total Time contribution (person 

years) 

Post Doctorates/Contract 

Researchers 

1 

0 

1 

0 

PhD students 0 0 

Masters students 0 0 

Temporary researchers 0 0 

Other 0 0 

Total 1 1 

 

 

 

 

8. Involvement in AgriFood Graduate Development Programme 

 

Name of Postgraduate / contract 

researcher 

Names and Dates of modules attended 

  

NA NA 
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9. Project Expenditure 

 

Total expenditure of the project:     €91,098.18  

 

Total Award by DAFM:      €92,673.00 

 

Other sources of funding including benefit in kind and/or  

cash contribution(specify):      NA  

 

 

Breakdown of Total Expenditure 

 

 

10. Leveraging 

Summarise any additional resources’/funding leveraged by this award from other sources 

e.g. Additional Staff, National/EU funding secured, EI Commercialisation Fund, etc. 
 
Award of Commercialisation Feasibility Support Grand from Enterprise Ireland Reference Number 
CF20130071Y. 
Enterprise Ireland funding achieved under Dairy Processing Technology Centre. 
Expertise used in ongoing FP7 project which employs Dr Tecza. 

 
 
 
 
 

Category 

Name 

University 

of Limerick 

Name 

Institution 2 

Name 

Institution 3 

Name 

Institution 4 
Total 

Contract staff 0     

Temporary staff 0     

Post doctorates 48,255.69     

Postgraduates 0     

Consumables 20,012.30     

Travel and 

subsistence 
1,807.53     

Sub total 70,075.52     

Durable 

equipment 
0     

Other 0     

Overheads 21,022.66     

Total 91,098.18     
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11. Future Strategies  

Outline development plans for the results of the research.   

 
o While the research project was in the final stage of completion, we were awarded an EI 

Commercialization Feasibility study grant. This award allowed us to contact a large number of 
food companies in Ireland and advertise the potential of the rapid FCM-based method to detect 
food-borne pathogens. This grant allowed us to make a wide range of commercial ready meal 
manufacturers aware of our progress in developing a rapid flow cytometric assay for S. aureus. 
We also learnt that the presented technique was of great interest to most of the companies we 
visited, as evidenced in the final report submitted by an external consultant to EI. The visited 
companies also expressed interest in the possibility of developing this type of rapid method to 
detect other food borne pathogens. We believe that collaboration with at least some of these 
companies will be possible and beneficial in the future. The results of this study also suggest a 
potential for extending the number of pathogens to be detected with the novel flow cytometric 
assay. This potential will be taken in consideration in a submission for further funding to the EI 
Commercialization Fund. 
 

o Due to lack of ready meals samples, we were unable to carry out extensive comparative testing 
procedures. Therefore, our data is limited to the results generated at UL. In order to assess the 
robustness of the assay, more samples must be tested. However, the comparative data for the 
FCM assay was quite encouraging and we hope that further testing of the method will be 
possible, most likely in a prospective submission for funding to the EI Commercialization Fund or 
other funding platforms. Collaboration with companies sourcing food samples and other 
laboratories evaluating this assay (ring trial) will be considered the main experimental focus in 
any new project application. 
 

o In order to further improve the discriminatory ability of the prototype FCM assay, novel 
antibodies were developed based on a specific protein sequence of the coagulase enzyme from 
S. aureus. Unfortunately, these antibodies were only delivered in late March 2014 (the end date 
of the project was 31/03/2013) and were initially assessed for their specificity to detect only 
coagulase-positive S. aureus. Preliminary data indicated that one of the two novel antibodies 
could detect the presence of coagulase-positive S. aureus cultures. However, in order to access 
the usefulness of the developed antibodies for the FCM-assay, precise testing is needed. 

 

12. Consent to Publish Final Report on the DAFM Website and/or Through Other 

Dissemination channels 

 

I consent to this report being made available to the public, through the Department’s 

website and other dissemination channels.  

 

Yes X  No   
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13.  Declaration 

 

 

I declare that the information contained in this final report is complete and true to the 

best of my knowledge and belief. 

 

 

Signed:  Prof Martin G. Wilkinson      Project Coordinator 

 

 

Date:   26/11/2015 

 


