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Application of techniques for sequencing and WGS analysis 

Professor Séamus Fanning
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• Standard operating procedures (SOPs)
• bacterial culture and extraction
• library preparation
• bioinformatics workflow
• genomic comparison of 22 isolates
• whole viral genome sequencing (WvGS) of 

SARS-CoV-2 and computational analysis

Application of techniques for sequencing and WGS analysis 

Professor Séamus Fanning



SARSfood

• Investigating the presence of SARS-CoV-2 in selected foods 
and food production environments using qPCR and WvGS

Prof. Seamus Fanning, Lauren Russell, Francisco Cores Rodriguez, Alexander Floss-Jones, Charlene Bennet, Siobhan McCarthy

Centre for Food Safety
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Possible source of virus SARS-CoV-2, animals may be natural hosts. Is it a zoonoses?
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• Could also be possible for SARS- CoV-2 a series of barrier jumps?

• Are food preparations and cooking habits considered a risk factors for the re-
emergence of this virus in the human population?

In particular, the role (if any) of domesticated food-producing animals and the meat derived from them
- necessitating the development of suitable diagnostic protocols; implementation of intervention measures along the food
chain and recognising transmission routes.
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Of concern are processed foods and food packaging, wherein the SARS-CoV-2 could reach a susceptible consumer
following cross-contamination from a previously infected individual (after bouts of coughing or sneezing).
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Although there is no direct and credible evidence to state that COVID-19 is a food-borne disease, contact with food and food
packaging surfaces remains a low risk in the context of the ongoing pandemic.

The COVID-19 pandemic has presented several challenges to stakeholders along the food chain. These must be
overcome in order to ensure food safety and will involve the ability to reliably detect the virus in various food matrices and the
built food production environment. As we move towards a post-pandemic era, public health surveillance will involve not only
screening human populations, but also monitoring of foods; preparation surfaces and related environments, to assess risk and
implement scientifically- based countermeasures.

Although, several meat processing plants (MPPs) in the US, Europe and elsewhere, suspended operations, when workers
tested positive, though no food recalls were instituted
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This project would set out to provide with evidence on the following:
• describe the detection of SARS-CoV-2 in selected food matrices (raw meat; selected vegetables and fruits);

• describe the detection of SARS-CoV-2 in selected built food processing environments (FPP) to include sampling of various
locations (including taps; door handles; refrigerator handles; smear samples from air conditioning units and other locations
considered high-touch);

• determine the whole virus genome sequence (WvGS) of all viral strains recovered from selected food matrices and
locations within the built food production environments;

• using WvGS make provide data describing a comparative genomic study to provide information on the potential
relationships between these foods, ecological niches and those sequences deposited within GISAID
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• Identification of SARS-CoV-2 RNA in selected food production environments and
foods, by RT-qPCR

• Characterisation of qPCR positive samples by whole virus genome sequencing
(WvGS) and comparative genome analysis of these viral strains with those globally
available
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Assuming that in this study is preferred a sampling plan with the highest confidence on the results, among the binomial staged
sampling plans, is chosen the table with the confidence limit of 0.99 and 0.10 as the upper confidence level.

Sampling plan: the model
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Using this approach, for each type of food is ideally preferred a number of 51 samples.

Sampling plan: the model
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1.Food samples
• Raw meat

• Vegetables

• Fruit

2.Abiotic surfaces of high-touch locations 

• Air conditioning units;

• Taps;

• Door handles;

• Refrigeration handles

• Others

3.Sewage from selected food/meat processing plants 

Sala-Comorera et al., 2021

CIFSQ Conference October 27 - 28, 2021 |Beijing, China 



55
50

24

49

9

55
50 51 52

Poultry Pork Seafood Fresh Vegetable Forzen/Dried Vegetables Frozen fruit Fresh Fruit Banana Salad

Samples:
105 raw meat
101 fresh vegetables RTE
157 fruit RTE (fresh/frozen)
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All the packaging were 
tested as surface swabs, 
including skin of bananas

367 samples
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Retrospective study

211

115 124

Pork Frozen fruit Fresh Fruit

Pork meat
• Small sausages: 74

• Large sausages: 63

• Fermented sausages: 45

• Pork liver: 29

Small Fruits
• Raspberry: 61

• Strawberry: 63

• Frozen Raspberry: 56

• Frozen Strawberry: 59
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Abiotic surfaces of high-touch locations
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Wastewater samples

The samples were collected from a line of untreated wastewater (e.g., lift stations, interceptors,
manholes) includes waste from building use (e.g., toilets, showers, sinks), which contains human
faecal waste, as well as the waste of industrial use/rainwater.

Bangor University, 2020
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Wastewater samples

Collection of the samples:

• composite samples are collected by pooling multiple grab samples at a specified frequency over
a set time period – typically 8 hours for wastewater surveillance. You can collect composite samples
of untreated wastewater manually (e.g., one sub-sample per 500 cubic meters of flow or 125 ml every
2 hours).

• rapidly in one time (grab sample) reaching the point for the sampling. However, grab samples
may be less representative of community fecal contributions than composite samples. For untreated
wastewater and sludge, grab samples represent a single moment in time and are highly influenced by
daily fluctuations in wastewater flow and composition. If this is the case, we suggest taking the sample
at the highest pick of usage in the working day.
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o Remove the individually wrapped swab from the envelope and immerge
immediately into sterile tubes containing 1-3 mL of VTM;

o Lightly tap the swab tip to the inside of the transport container to remove
excess transport medium (liquid);

o Use swab to sample surface areas of interest (25 cm2 is commonly used but
a specified area is not required). Swab with moderate pressure while
moving in at least two different directions and rotating the swab so that the
entire swab surface area is used. Avoid letting the swab dry completely.

o Immediately after sampling, place the swab back into the transport
container, cut the stick at the breakpoint, bending gently and screw the cap
on tightly.

CFS-VIRSampEASY
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Date
Swab 
No.

Area Location

15-Feb 1 Blank Blank
15-Feb 2 Visitors entrance Door inside
15-Feb 3 Whey SM office door Door inside
15-Feb 4 Dairy Panel room door Door outside
15-Feb 5 ED Room Door Handle Door inside
15-Feb 6 Whey Lab door Door inside
15-Feb 7 Liquid lab door Door outside
15-Feb 8 Photocopier ED Touch panel
15-Feb 9 Photocopier Admin Touch panel
15-Feb 10 Driver fridge Door outside
15-Feb 11 Driver freezer Door outside
15-Feb 12 Foam Machine Handle
15-Feb 13 Whey office air con unit Unit on ceiling
15-Feb 14 Whey SM keyboard Keyboard
15-Feb 15 Dairy SM office door handle Inside handle
15-Feb 16 ED panelroom keybaord Composite samples
15-Feb 17 Crystallisation keyboard Keyboard
15-Feb 18 Chair Handle in Whey office Peters chair
15-Feb 19 Elevator N3 Buttons
15-Feb 20 Control room phone ED Composite samples
15-Feb 21 Casein Keyboard Composite sample
15-Feb 22 Casein door handle Door handle outside
15-Feb 23 Security hut Antibiotic touch panel

15-Feb 24 Canteen
Composit sample of microwave 
handles

15-Feb 25 Bag off door handle Door inside

75 samples high touch swabs
6 wastewater samples
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Methods – Virus particles concentrations and RNA extraction

o Meat products

o Bivalve Molluscan Shellfish and Crustacean

o Fruits and vegetables

ISO 15216-1:2017 Horizontal method for determination of hepatitis A virus and norovirus using real-time RT-PCR
Meat products - validated SOP - UCD National Virus Reference Laboratory (Charlene Bennet)
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Methods – Virus particles concentrations and RNA extraction

https://www.digitalatlasofancientlife.org/learn/mollusca/bivalvia/
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Methods – Virus particles concentrations and RNA extraction
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Experimental spiking of packaging, pork and meat (beef and salmon fillet)

Recovery of virus particles, cell cultures (counts)
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Automated purification of viral RNA using the QIAamp Viral RNA Mini Kit on QIAcube Connect

Methods – Virus particles concentrations and RNA extraction
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Methods – Reverse Transcriptase qPCR (RT-qPCR)
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cDNARNA

Methods – tiling amplicon sequencing

CIFSQ Conference October 27 - 28, 2021 |Beijing, China 



Implementation of a high-throughput Illumina MiSeq-based sequencing platform

30,000 bp

400 bp

RNA cDNA

ARTIC primer
Scheme

SARS-CoV-2 
genome

Amplicons
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SFI-funded project:
Understanding and Preventing COVID-19 Outbreaks in Meat Processing Plants

https://upcom.ie/

Implemented a protocol for extracting the viral particles from the spent rapid tests
Extraction of high quality viral RNA

Direct Sequencing (not needed a second swabs from tested positive)
Detection of variants, tracing outbreaks, surveillance, system for future outbreaks?  

Sequencing

Methods – LFD
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• 10 samples pooled

• Plasmidic DNA

• RNA positive samples

• Process control (MeV) lysis step.

1,261 samples in total

Results – sampling and RT-qPCR
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The matrices were extracted and tested in ten units
4 pools resulted very close to the limit of detection

Single samples repeated (40)
& Repeated the extraction from original samples

(31 swabs and 9 fresh vegetables)

All the samples resulted negative

Results
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Russell, 2021
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Is there a risk from food or packaging?
Guidance from the World Health Organization (WHO) for businesses also states it is highly unlikely that people can 
contract COVID-19 from food or food packaging.

The risk of getting sick with COVID-19 from eating or handling food, including frozen food and produce and food 
packages, is considered very low. It is possible a person can get it by touching a surface or object, including food 
or packaging, that has the virus on it and then touching their mouth, nose, or possibly eyes, according to the Centers 
for Disease Control and Prevention.

CIFSQ Conference October 27 - 28, 2021 |Beijing, China 



Sampling plan: the model

Time for the sampling 3 weeks - 21st January - 11th February

Is this enough?
SOPs

Sharing

Networking
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Mutations produce single nucleotide 
polymorphisms (SNPs) which is a 
difference in the genome of the virus
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Gonzalez, 2021

CIFSQ Conference October 27 - 28, 2021 |Beijing, China 



Gonzalez, 2021

Viral RNA

CIFSQ Conference October 27 - 28, 2021 |Beijing, China 



COG-UK 
PANGOLIN
NextStrain
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Clin Infect Dis, 72:11, 2021 https://doi.org/10.1093/cid/ciaa1433

CIFSQ Conference October 27 - 28, 2021 |Beijing, China 



CIFSQ Conference October 27 - 28, 2021 |Beijing, China 



CIFSQ Conference October 27 - 28, 2021 |Beijing, China 

Clin Infect Dis, 72:11, 2021 https://doi.org/10.1093/cid/ciaa1433
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Sequencing
UCD-CFS
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• Health care workers (HCW) - close contacts
• Hospital-acquired (HA) COVID-19 cases (patients admitted without symptoms of COVID-19 

who had SARS-CoV-2 RNA detected at least 7 days after admission)
• Only patients that were hospitalised for more than 14 days
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Clin Infect Dis, 72:11, 2021 https://doi.org/10.1093/cid/ciaa1433



CIFSQ Conference October 27 - 28, 2021 |Beijing, China 



Cluster 1

Cluster 2

Cluster 3

Cluster 4
Cluster 5

Cluster 6
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http://upcom.ie/

Understanding and Preventing COVID-19 Outbreaks in Meat Processing Plants - Prepared for the Future
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http://upcom.ie/
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Hossain et al., 2020

Massively parallel diagnostic assay (MPDA) platform
• Evaluation of the performances
• Release of a robust prototype

• Antimicrobial Resistance genes
• Food-borne pathogens
• Sentinels programmes
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Dr Tristan Russell
Dr Leonardo Koolman
Prof. Alan Reilly
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SFI
World Health Organisation
UCD

Centre for Food Safety
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guerrino.macori@ucd.ie
@guerrino.macori

…and keep in touch!
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