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• Contaminated humans are supershedders
• 105-1011 norovirus particles/g stool
• Probability of infection: 0.3-0.4 / norovirus particle

• Released daily in treated wastewater
• 102-106 norovirus particles/litre

• Seawater contamination
• Persistent for up to 1-2 years

• Accumulation in sediment
• Shellfish contamination

Enteric viruses in the environment





What?

• RNA viruses
• Norovirus GI and GII
• Hepatitis A virus
• Hepatitis E virus
• Sapovirus
• …

• DNA viruses
• Adenoviruses
• Polyomaviruses

COMMON

EMERGING

INDICATOR



How? 

Detection and quantification
• Cell/tissue culture
• Electron microscopy
• ELISA
• q(RT-)PCR vs dPCR

• Sample process?
• Infectivity?
• Inhibition?

© http://m2-magazine.org/



Sample process

• ISO/TS 15216-1:2013 standard 
Elution with proteinase K

• Elution with alternative buffer
PBS
SM
Beef extract (hydrophobicity)

• Adsorption-twice-elution-extraction (Kittigul et al, 2015)
tryptose phosphate broth, pH 9 – arginine, pH 7.5 – chloroform 



Quantification

• TaqMan qPCR – Adenovirus

• Multiplex qRT-PCR – RNA viruses



Virus recovery from mussels
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Virus recovery from mussels

Hepatitis A virus spiking
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Virus recovery from mussels
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Where?

Betws-y-Coed WWTP
1,200 inhabitants

Llanrwst WWTP
4,000 inhabitants

Tal-y-Bont WWTP
1,000 inhabitants

Ganol WWTP
82,000 inhabitants

Source of contamination
• Treated wastewater
• Untreated wastewater, CSO

Shellfish beds



Modelling the fate of viruses from 
source to coast

Peter Robins, SOS, Bangor University



Viral input - wastewater
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Viral input - wastewater
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Viral input – wastewater vs shellfish
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Conclusions

• Virus recovery from shellfish is strain and 
method dependent

The use of process controls, e.g. mengovirus is 
essential

• Indicators viruses, e.g. adenovirus, may be 
more reliable than bacterial indicators

• More information on input is essential



• Investigate viral integrity and infectivity
Adenovirus culture
Norovirus capsid integrity assay
Human norovirus infectivity

human intestinal organoid culture

Future research
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