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Presentation Notes
Acknowledge funding and authors.
Report synthesizes key findings from the literature regarding the effectiveness of various depuration strategies, environmental influences on NoV persistence, and potential supplementary treatments. The goal is to establish a scientific foundation for refining current depuration protocols and further research to enhance shellfish safety, while maintaining product quality.


What is nhorovirus?

= Human norovirus (HuNoV or NoV) is a highly = Norovirus has a 12-to-48-hour incubation

contagious pathogen responsible for period. People can have, and spread it,
gastroenteritis. before ever experiencing symptoms.

= The virus enters marine environments = The increased prevalence of norovirus in
primarily through fecal matter present in winter amplifies risks to public health and
wastewater discharge and septic runoff, the shellfish industry, leading to economic
which increases during periods of frequent losses and regulatory challenges.

rain and storm events.
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What are the symptoms of norovirus?

In this section The most common symptoms of norovirus are stomach pain, projectile vomiting, and severe diarrhea. Other symptoms
may include fever, headache, and body aches. Some people can be infected with norovirus and have no symptoms. Good

hygiene and hand washing, especially after using the bathroom and when handling food, are important to help limit the

I llinesses _
spread of norovirus.

Biotoxins w

I Norovirus

How soon do symptoms appear?

Symptoms usually appear 24-48 hours after being exposed to the virus. Sometimes symptoms appear as early as 12 hours
after exposure. Most people recover in 1 to 3 days.

Vibriosis
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 As few as 10 viral particles can cause infection; the average stool or vomit volume can contain over 100 million particles.
People with norovirus are contagious from the moment they begin feeling ill to anywhere from 3 days to 2 weeks after they have recovered.



NoV & Marine Water Quality Standards

= NoV testing has been unreliable in the past.

= |t’s still extremely difficult to obtain NoV testing by an Coliforms ExPhined
accredited lab.

Total Coliforms

= Marine water quality monitoring protocols in the U.S,,
Canada, and Europe instead rely on fecal coliform levels
as an indicator of pathogenic contamination, along with
point source contamination assessed during shoreline
surveys, to trigger precautionary regulatory
classifications and requirements.

Fecal Coliforms

Source: Alabama A&M & Auburn Univ. Extension
https://www.aces.edu/blog/topics/fish-water/coliform-bacteria-in-well-water/




NSSP & ISSC

National Shellfish Sanitation
Program (NSSP)

Guide for the Control of Molluscan
Shellfish
2023 Revision gHELLF ISH sS4 FETy

@@b

The National Shellfish Sanitation Program (NSSP) is a partnership
between states & federal agencies, recognized between the FDA
& the Interstate Shellfish Sanitation Conference (ISSC).

]



https://www.fda.gov/food/federal-state-local-tribal-and-territorial-cooperative-human-food-programs/national-shellfish-sanitation-program-nssp
https://issc.org/

lllnesses Can Still Occur

= This approach is problematic since NoV persists longer in oysters and responds differently to
commercial purification methods than fecal coliform bacteria.

= As a result, illness outbreaks can occur even when oysters are harvested in approved and open
growing areas, including in Europe, where they have also undergone locally prescribed
depuration (purification) processes.
h Food

__ | Standards
W Agency

Shellfish classification food.gov.uk

How production areas are classified, the method of treatment and how to apply for classification.

The classification of a production area determines the treatment required before Live Bivalve
Molluscs (shellfish) may be marketed for human consumption.

Shellfish production and relay areas are classified according to the levels of E. coli detected in
shellfish flesh.




Measuring NoV

= Levels of NoV in seawater and shellfish are = NoV in shellfish remains a critical public

currently determined using reverse health concern, necessitating additional
transcriptase polymerase chain reaction (RT- research to improve post-harvest treatment
PCR), which quantifies total RNA. methods such as relaying and depuration.

= Total RNA includes both infectious virus and
inactive viral particles.

= While total RNA below the level of detection
(LOD) would suggest that shellfish are safe to
consume, total RNA above the LOD does not
necessarily indicate infectivity.

= Fecal coliform is not a good measure for
determining NoV infectivity, only potential
presence.




Relay & Depuration: Temperature

= Current relay and depuration parameters are = However, while many recent studies have
appropriate for removing bacterial pathogens, shown promise in significantly reducing total
such as Vibrio spp. (e.g. Vibrio vulnificus, Vibrio NoV through depuration, few have achieved
parahaemolyticus) and Escherichia coli, but removal below the limits of detection (LOD) or
may not be sufficient to remove NoV, especially quantification (LOQ; 100 genomic copies (gc)/g)
when contamination levels are high. within the study timeframe.

= Studies have demonstrated that temperature = Those that were the most successful, relied on

plays a key role in the efficiency of NoV sampling naturally contaminated oysters in
depuration, with elevated temperatures which initial NoV concentrations were <1000
yielding higher rates of reduction. gc/g at higher depuration temperatures.

= Elevated temperatures may increase stress on
oysters and increase risk of Vibrio proliferation.




Relay & Depuration: Salinity

= Salinity also plays an important role in
depuration efficacy.

= Better NoV removal has been observed when
salinities closely match those found in
estuarine grow-out areas (25-30 ppt).

= Depuration of naturally contaminated Pacific
oysters at 25 ppt showed better removal of
NoV than at 35 ppt.




Depuration Recommendations

= PSl’s literature review concluded that = Some studies show NoV may reach the Limit
depuration to reduce norovirus is likely to of Detection within 4-5 weeks.
require longer durations than are practical.

= There is still uncertainty surrounding the
= The reviewed literature supports depuration time required to fully inactivate.
at temperatures between 15-18°C.

= Salinities between 25-30 ppt is most
effective.

= Natural, raw (non-UV or chemically treated)
seawater is recommended.

= Success is dependent on an initial viral load
of <1000 copies/g.



Relay Recommendations

= We focus our recommendations on relay. = There is evidence that a two-week period of
Relay to reduce NoV in oysters has proven relaying at a clean site, followed by six days
effective, but studies are limited. of depuration at elevated temperatures (15-

. . . , 17°C) is also effective.
= Placing oysters in their natural environment

provides optimal growing and flushing
conditions and harnesses the bioactive, anti-
viral properties of raw seawater.

= Relaying oysters has demonstrated to have
the most promising potential for effectively
reducing total NoV to background levels
within 4-5 weeks.



Relay Recommendations (cont.)

Battistini et al. 2022 state (emphasis added):

= The application of long-term relaying instead could provide a practical, less expensive, and
natural alternative to other methods by enabling the reduction of NoV concentrations to levels
that reduce, if not eliminate, the risk to consumers.

= Long-term relaying is especially important for producers that can move the oysters to less
contaminated sites close to other more contaminated production areas.

= Considering that the oyster takes 18 to 24 months to become an adult or reach market size
(about 3 inches), it would be a matter of moving oysters to the relaying sites one month before

being sold, in the winter season only, so to minimize the extra costs related to the relocation
process.

Battistini, R., Masotti, C., Maurella, C., Costa, E., Orlandi, M., Feletti, M., Ercolini, C., & Serracca, L. (2022).
Study on the Effect of Relaying on Norovirus Reduction from Crassostrea gigas Oysters. Microorganisms,
10(12), 2389. https://doi.org/10.3390/microorganisms10122389



https://doi.org/10.3390/microorganisms10122389

Does Relay Pose a Risk?

= As filter feeders, oysters can bioaccumulate pathogens
from contaminated water, making them potential
vectors for foodborne illness when consumed raw.

BUT

= Unlike Vibrios, norovirus does not grow in oysters!

= |In marine water, and oysters, norovirus is present or it’s
not.

It doesn’t proliferate, it only decays (e.g., dies).
It cannot “inoculate” a new marine waterway.

If an oyster is contaminated with norovirus, it does
not pose a threat to uncontaminated waters.

Norovirus is not an invasive species or HAB.

European Green Crab
Carcinus Maenas .

|
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each side




Emerging & Alternative Approaches

= Plasma-activated seawater (PASW) has = High Pressure Processing (HPP) of 350-600
shown promise for total inactivation of NoV MPa shows significant reductions of NoV Gl
within 24 hours of depuration, though its and GIl at various temperatures.
effects on oyster stress and viability need = HPP shows promise only at pressures
further investigation. above 600 MPa, but this pressure may

= Addition of hydrosols could increase reduce the end product shelf life.
depuration efficiency. C. Limon hydrosol (1%) = HPP is not an appropriate for live oysters,
exposure significantly reduced (.2 log) NoV. but can be applied to fresh, shucked

meats, as a non-heat treatment.

= Photoinactivation using Red Bengal
encapsulated algal beads is being examined
for its efficacy in reducing viral loads. It was ;
shown to reduce other viral pathogens but , o 2
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MPa, or Megapascal, is a unit of pressure equal to one million pascals, representing a high level of force.
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- ‘ DRONES FOR AQUACULTURE

Let's Fly! PSI Drone Services 2025:

Leam more about how What does it take to be a Learn 5 simple steps you X
. . shellfish can improve shellfish farmere Watch this can take to improve water
BO b b | H u d sOon D ire Cto r water quality and provide video on the ins and outs quality in your area. Leam
’ important habitat for other of growing and harvesting more...
marine organisms. shellfish in Puget Sound. Perspective is everything! Get a bird’s
Watch Video.

eye view of your shellfish farm

P a lel C S h e I Ifl S h I n St |t U te courfesy of PSI this season, supported
PROJECT HIGHLIGHTS el e

licensed drone pilots, offering free
services for farms in WA and OR.
Please contact our team for details

bobbi@pacshell.org

Regional Eelgrass/Shellfish
Consortia

In collaboration with shellfish farms along and logisfics.
WWW p a CS h e | | O rg _The Wes_t coast, we will assess the

2 . interaction of eelgrass with various oyster REPORT SHELLFISH MORTALITY
culture systems, and the ecological
functions of these habitats for managed FREE Services for Shellfish Farmers
fish and invertebrate species.
Leam more... P3l has developed a simple Shellfish

i a Mortality Reporting Form. Voluntary

P.d""?l.nc Oyster Morta_llty reporting of shellfish mortalities is an
Significant summer moertality events have , . -
occurred with increasing frequency and imporfant source of information for
severity over the past sixty years. These tracking direct impacts of mortality
events affect both triploid and dipoloid events. A pdf copy of the form is also

oysters often during the second year of
growauf when they near market size.

Learmn more... Funding is available to cover the cost

availablel
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