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Chap 14: Monitoring viral contamination
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Introduction

Infectious diseases linked to the consumption of raw shellfish like oysters, mussels,
cockles and clams, have long been identified. Bacterial diseases such as cholera and
typhoid fever were the first to be suspected of being linked to consumption of
contaminated shellfish (Butt et al., 2004). During the past century, various strategies
have been established in shellfish growing areas throughout the world to assure the
sanitary quality of shellfish. More recently, despite sanitary surveys, Vibrio
parahaemolyticus, Vibrio vulnificus and enteric viruses - especially Hepatitis A virus
(HAV) and norovirus (NoV) – were found to be associated in outbreaks of human
illness.

The pathogens involved in shellfish foodborne diseases can be placed in two classes.
The first includes environmental pathogens that normally spend a substantial part of
their life cycle outside human hosts, but which when introduced to humans cause
disease with a measurable frequency (Cangelosi et al., 2004). Among them, vibrios
(V. cholerae, V. parahaemolyticus, V. vulnificus) are common in marine
environmental infections, especially in countries where climatic conditions allow
them to proliferate (Southeast US coast, South America and Asian countries), while

1

few cases are reported in Europe. In the second class, the enteric pathogens are nonautochthonous microorganisms, discharged into the sea by raw or insufficiently
treated waste waters during epidemics in the population. Most of the time they have
been excreted by sick people living on coastal watersheds, but they may be present in
the intestines of healthy humans or in the animal population (van der Poel et al.,
2001). Among them, viruses (especially NoV and HAV), are the chief concern in
shellfish-borne diseases, while bacterial infections (salmonelloses, typhoid fever)
have decreased thanks to sanitary control measures set up over the past century
(development of detection methods and bacterial surveys and improvement of
shellfish depuration technology).

This review will focus on the enteric viruses which are responsible for the main
outbreaks linked to shellfish consumption (Butt et al., 2004).

Viral outbreaks

associated with contaminated shellfish consumption was first suggested more than 50
years ago. Initially, the analysis of outbreaks was mainly based on epidemiological
data and symptoms in patients (Mackowiack et al., 1976; Grohman et al., 1980;
Richards, 1987). In some cases, microscopic studies identified small viruses in
patients' stools or in shellfish (Appleton and Pereira, 1977; Morse et al., 1986;
Pontrefact et al., 1993). The development of molecular biology and thus the ability to
find low levels of enteric viruses in shellfish, has provided more accurate assessment
of shellfish as disease transmission vehicles (Lees 2000; Sanchez et al., 2002; Butt et
al., 2004; Boxman et al., 2006; Le Guyader et al., 1996, 2003, 2006). Despite the fact
that many enteric viruses can be detected in human faeces (Metcalf et al., 1995; A.
Bosh et al, same book), only HAV and NoV have been clearly identified as infectious
agents in consumed shellfish. Linking cases of viral disease to contaminated shellfish
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is not that easy, particularly for NoV, due to the multiplicity of lineages circulating at
the same time (Blanton et al., 2006; Zheng et al., 2006).

One major drawback in shellfish outbreaks is the lack of consistent correlation
between the indicator of fecal contamination (E. coli or fecal coliforms) and human
enteric viruses and thus an absence of precaution (Lees, 2000; Butt et al., 2004). In
many viral outbreaks related to shellfish consumption, the level of E. coli was in
compliance with the regulations (Christensen et al., 1998; Le Guyader et al., 2003,
2006; Kohn et al., 1995; Boxman et al., 2006).

Studies have been carried out in various countries to examine the prevalence of
enteric viruses in shellfish. When we focus on data obtained from shellfish collected
from producing areas or from the market, and showing no bacterial contamination as
defined by current regulations, noroviruses were detected from 6-37% of the time
(Hensilwood et al., 1998; Le Guyader et al., 2000; Beuret et al., 2003; Nishida et al.,
2003; Cheng et al., 2005; Costantini et al., 2006). Different concentration and
extraction methods and RT-PCR assays used, as well as the sampling season and the
year of the study may explain the differences between the studies. It is also possible
that prevalence surveys with positive findings may be over-represented due to a
publication bias.

Some outbreaks have been linked to depurated oysters (Grohman et al., 1980; Le
Guyader et al., 2006). Nonetheless, it must be kept in mind that while E. coli may
disappear rather quickly either by depuration practices or natural cleansing, recent
data show that viral depuration is difficult. Therefore, the two days of depuration
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stipulated by EC regulations is inefficient in eliminating viral contamination (Schwab
et al., 1998; De Medici et al., 2001; Loisy et al., 2005).

1. Identifying sources of pollution

In some outbreaks, multiple strains of a single virus such as norovirus can be detected
indicating sewage or fecal contamination (Kageyama et al., 2004; Gallimore et al.,
2005; Boxman et al., 2006; Le Guyader et al., 2006). Analysis of shellfish events
leading to shellfish-related outbreaks has confirmed this hypothesis, and when
environmental data are available, sewage-related contamination is often demonstrated
(Table 1). Flooding has been shown to be responsible for viral contamination in other
outbreaks and is congruent with the sudden introduction of multiple NoV strains into
the oyster breeding site (Mackowiack et al., 1976; Le Guyader et al., 2006). In an
attempt to identify the source of pollution in an oyster-producing area, Ueki et al.,
(2005) did a one year-study collecting sewage, river water, oysters and clinical
samples and looking for noroviruses. A clear impact of the sewage treatment plant
was found on river contamination (about 75% of the sample being contaminated) and
in shellfish samples (60% contaminated). Analysis of sequences obtained showed that
the same diversity was observed among strains circulating in the population, as well
as in sewage or in oyster samples, leading to the conclusion that improved sewage
treatment is needed to guarantee the sanitary quality of these shellfish (Ueki et al.,
2005).
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The literature review mainly highlights the human origin of viral shellfish outbreaks,
i.e. the responsibility of urban wastewater. Nevertheless, in the state of current
knowledge, animal sources cannot be ignored. For example, in the Netherlands, 44%
of bovine fecal samples tested positive for norovirus (Van der Poel et al., 2001). Even
though inter-species exchange is extremely rare and has never been demonstrated for
NoV, the high mutation rate could contribute to a species-crossing (Woolhouse,
2005). Differences between human and animal strains are very small (Dastjerdi et al.,
1999) thus, an intramolecular re-combination could lead to new pathogenic species
(Lopman et al., 2004).

2. Identifying the conditions responsible for microbial contamination of shellfish

In most of the polluted areas, evidence shows that the river and sewage outfalls
discharging to the estuaries or marine bay have high levels of bacteria and viruses.
Different sources of contamination are currently identified on sites where shellfish are
farmed:
-

Sewage discharges including sewage outfall, combined sewer overflows and
stormwater discharges. The type of treatment applied to sewage waters plays an
important role in the fecal load discharged into marine waters (physical,
biological or tertiary treatments).

-

Sewage network failures: many stormwater events could contribute to this
pollution and could trigger persistent fecal contamination even during dry
weather (Armstrong et al., 1996).

5

-

River discharges and possible run-off from agricultural activities (Kashefipour et
al., 2002; Crowther et al., 2002; Vinter et al., 2004)

-

Other specific discharges could also come from boats, wild birds, bathers,
sediments or other diffuse urban sources such as pigeons, dogs or cats (Sobsey et
al., 2003; Gerba 2000; Seifer et al., 1997; O’Keefe et al., 2005).

A high prevalence of human enteric viruses was reported in raw sewage with
astrovirus concentrations ranging from 5x105 to 5x107 genome units (GU) /100ml (Le
Cann et al., 2004) or 3x103 to 1.2x108 genomes /l (Myrmel et al., 2006). For
norovirus, values varying from 3x101 to 8.5x104 GU /100ml (Lodder and Roda
Husman, 2005), 1.8x104 to 9.7x105 genome/l (Myrmel et al., 2006), less than 103 to
106 PCR detectable units/l (pdu/l) (van der Berg et al., 2005) and up to 1.7x107
genomes (G)/l (Laverick et al., 2004) have been reported in different studies. In
treated water, concentrations vary greatly depending on the location: 2x102 to 5x104
GU /100ml for astrovirus (Le Cann et al., 2004), and for norovirus 4x101 to 2.4x103
GU /100ml (Lodder and Roda Husman, 2005), 1.6x105 G/l (Laverick et al., 2004), or
5.7x102 pdu/l (van der Berg et al., 2005). Rivers can also be contaminated by
norovirus and enterovirus (Schvoerer et al., 2001; Hot et al., 2003). On the basis of
recent quantitative data, it was estimated that norovirus concentrations could reach
5x102 GU/100ml in river (Lodder and Roda Husman, 2005), 1.6x103 G/l (Laverick et
al., 2004). In floodwater sampled after a tropical storm event, Phanuwan et al.,
(2006), found a high prevalence of viruses with a geometric mean of 14.0 pdu/ml for
adenovirus, 13.0 pdu/ml (Hepatitis A virus), 5.3 pdu/ml (norovirus ggII), 0.7 pdu/ml
(enterovirus) and 0.003 pdu/ml (norovirus ggI).
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Seasonal variations in viral contamination were also reported. In the Meuse River,
Westrell et al., (2006) observed a distribution of norovirus with high peaks during
winter (up to 1750 pdu/l) linked to contamination events in the catchments, especially
sewage treatment failures. Noble and Furman (2001) observed the presence of
enteroviruses in coastal water of Santa Monica Bay, California, especially during the
winter wet season and the summer dry season. An interesting study by Haramoto et
al., (2005) showed a mean concentration of about 0.087 G/ml for genogroup I (ggI)
norovirus and 0.61G/ml for ggII, with seasonal variations. In winter, these
concentrations reached 0.21 G/ml for ggI and 2.3 G/ml for ggII. Lower
concentrations were observed in summer (0.016 G/ml for ggI and 0.026 G/ml for
ggII). For HAV, concentrations varying from 90 to 3523 copies/l were detected in
estuarine waters along the Mexican borders (Brooks et al., 2005). In some cases,
seasonal patterns were observed reflecting the clinical epidemiology of the agent, in
both river studies (Pusch et al., 2005; van der Berg et al., 2005) and a shellfish study
(Le Guyader et al., 2000).

The effect of rainfall on fecal water quality and on viral contamination has been also
widely reported (Miossec et al., 1998; Noble et al., 2003; Haramoto et al., 2006).
Storm events cause land-based runoff and raw sewage overflow. Dramatic effects can
be observed in developing countries with tropical climates and poor sewer systems. In
Jakarta, Phanuwan et al. (2006) reported high concentrations of enterovirus, HAV and
NoV in floodwaters after a storm event, leading to a high risk of viral infection for
people who drink the water or who are in contact with overflow waters. In temperate
or semi-arid climates, rainy storm events also lead to deterioration of seawater quality.
Statistic observations showed that over half of the beach water quality failures in
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Santa Monica Bay, California, were associated with rain events (Schiff et al., 2003).
Regional differences due to site-specificity also affect the impact of rainfall. In dry
weather, Noble et al. (2001) observed that water quality standards were exceeded five
times more often on Mexican beaches than on US beaches. In a multi-country study in
Europe (Spain, Greece, Sweden, UK), using modelling approaches to compare NoV
shellfish contamination, the country was found to be a significant input variable, and
site-specific relationships between indicators and pathogens were highlighted (Brion
et al., 2004). Moreover, the increase in coastal populations contributes to physical
changes in the landscape and leads to degradation of water quality. Mallin et al.
(2001) demonstrated that the coastal demographic increase over a 14 year period in
coastal North Carolina, was directly correlated with the upward trends in shellfish bed
closures. In this region, population growth led to limiting of natural soil filtration by
impermeable surfaces (e. g. roads, parking, roofs), new fecal sources and more rapid
conveyance of pollutants to the sea. At the same time, in the same area, high
sensitivity to forecast events was observed when compared with preserved coastal
wetlands.

3. Potential strategies for reducing microbial contamination in shellfish
harvesting areas

Over the last decade, coastal management has become increasingly important
because of socio-economic requirements (tourism, aquaculture) leading to higher
water quality objectives, and to increased pollution due to the upshift in coastal
demography and industrial development. In addition to the complexity created by the
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topography in coastal catchments for raw wastewater collection, it is also difficult to
have facilities which can cope with large seasonal variations in the fecal load. In
some villages or small towns devoted to tourist activities, the population increases by
10-fold or more, for a few weeks in the summer season. Under these conditions,
sewage treatment plants (STP) must deal with the need for increased capacity for just
a few weeks in summer. In France, in coastal areas, primary treatment plants and
activated sludge systems account for 17 and 61% respectively . The majority of small
towns on the coast have been equipped only recently. Cities (>5,000 inhabitants)
have set up tertiary treatment systems, which represent only 22% of the STPs located
near the sea (IFEN, 2001).

3.1 How can fecal input be limited?
To limit pollution from urban wastewater, different types of treatments are now
available. In general, processes are applied to eliminate the fecal load, but their real
efficiency in eliminating viral contamination is often unknown. The very few data
obtained under full scale conditions which have been reported in the literature are
presented in Table 2. Primary treatment, decantation and coagulation have little
effect on viral elimination, and secondary treatments -biological treatment with
activated sludges, with/or without aeration or ponds- have a limited average
efficiency (2 log and less). Tertiary treatments such as chlorination could make virus
removal more efficient (Rose et al., 1996). Effectiveness in removing viruses or
phages can vary dramatically over time by a factor of 3 or 4 log, ranging from low
values <1 log to 5-6 log viral reduction (Le Cann et al., 2004; van der Berg et al.,
2005). Other factors could also be responsible for efficiency failures, for instance, the
same processes may have different performances depending upon the age and
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capacity of the plant. Moreover, some families of viruses are more resistant than
others to the processes used. Nevertheless, the high performances observed on some
occasions in full scale STPs demonstrate that technology is capable of decreasing the
viral load, and thus must be further investigated to improve the sea water quality.

Tertiary treatments should be investigated in depth, in order to promote modern
solutions. Laboratory studies have provided information about the possible effect of
disinfectants on viruses. Thus, a 2 log reduction of rotavirus and calicivirus was
obtained with 19 mJ/cm2 UV fluence (Hijnen et al., 2006). Tree et al. (2003)
demonstrated that 8 mg/l of free chlorine as sodium hypochlorite allows a 2.8 log
poliovirus inactivation, but heavy doses of peracetic acid are necessary to reduce the
poliovirus load (2 log reduction with 100ppm, 20 min) (Lazarova et al.,, 1999).
Physical treatments such as membrane filtration, microfiltration or membrane
bioreactors could also be promising: Ottoson et al. (2006) obtained a 3.78 log
reduction for phages with a membrane reactor, Sano et al. (2006) demonstrated that
ultrafiltration could physically eliminate NoV and polioviruses from sewage, and
they estimated the log10 reduction values at more than 4 or 5.
Sewage management strategies to reduce the fecal input could lead to a real
improvement of coastal water quality. Successful experiences are often observed but
rarely reported in the literature. Figure 1 presents the evolution of E. coli
concentrations in shellfish recorded on the same site in the Bay of Morlaix (France).
The improvement was the result of efforts made by local decision-makers to improve
the design of wastewater structures and facilities. Before 1992, both the sewer system
and the treatment plant were obsolete: 30% of the raw water was directly discharged
upstream of the estuary and failures in the sewer networks allowed raw water to be
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mixed directly in the river or in the estuary (2 km from shellfish beds). Despite tidal
currents, the dispersion of contaminants was not sufficient for the shellfish growing
area to comply with EU criteria, because of the raw fecal loads discharged upstream
(Salomon and Pommepuy, 1990). After the wastewater network was rehabilitated, a
decrease in the average concentration was observed. Whenever possible, rain water
has been kept out of the sewer system, which has also led to a decrease in the
pollution during rainfall events. A new wastewater treatment plant, for 58,000
equivalent/inhabitants with activated sludge, aeration and chlorination/de-chlorination
treatments, was designed and built in February 1996. A recent study to assess the
efficiency of the STP demonstrated that the E. coli removal efficiency of the STP is
on average from 2.5 to 3 log for NoV (non published data). Since this date, the
shellfish bed quality was recovered and E. coli concentrations fit the EU regulation
level for the A classification.

An example of water quality recovery has also been reported in the Bilbao estuary
(Garcia-Barcina et al., 2006). In this area, over 10 years, a large part of raw
wastewater discharges was intercepted and treated by the implementation of a
biological treatment, leading to a fecal load reduction by 81.9%. As the result of the
pollution abatement efforts to reduce the fecal load, improved seawater quality was
observed and directly correlated to the capture of point-source discharges and the
commissioning of a new STP. Another successful management concerns
implementing remediation measures in a coastal area (Booth and Brion, 2004). By
installing a force-main sewer line on Eagle Creek watersheds impacted by human
activity, and collecting in over 60% of the houses in the villages, the input of
untreated domestic sewage and storm overflow into the creek fell dramatically.
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Observations after the sewer was installed clearly demonstrated that the remediation
had been successful in removing significant sources of pathogens from the creek
(Booth and Brion, 2004).

Even though it is difficult to predict long-term dynamics in the development of a
region (Dominguez and Gujer, 2006), these examples demonstrated the capacity to
remove fecal enteric contamination from urban sources and thus, to improve fecal
water quality.

3. 2. Tools for management
For marine water quality recovery, reliable tools are needed to assess contamination
sources on the coast and within the watersheds to define the priorities in terms of
management. As stated above, all sources of contamination, including run-off from
agriculture, have to be taken into consideration. Considerable progress has been made
over the past decade for operationally developed models to predict coastal water
quality. They are now running on watersheds to evaluate the impact of non-point
fecal loadings and their role in local contamination, compared to urban contamination
(Kay et al., 2005a, 2005b). These models include land use and topographic data
(Crowther et al., 2003), forecast events (Jeng et al., 2005), and livestock fecal load
input (Crowther et al., 2001, Viten et al., 2004, Gannon et al., 2005). There are also
models for the transport and deposit of E coli associated with stream sediment
(Jamieson et al., 2005) as well as the behavior of free/attached bacteria (GarciaArmisen et al., 2006).

12

Modelling strategies to reduce microbial contamination in coastal areas take into
account the fact that discharge of sewages to coastal waters induces variable
contamination, which depends on the receiving waters's capacity to dilute the effluent
(Rees et al., 2000). Watershed models connected to hydrodynamic models (Faulkner
et al., 2000) can simulate the impact of stormwater runoff, diffuse point pollution or
other sources on seawater quality (Wither et al., 2005, Jeng et al., 2005. Haramoto et
al.2006). A recent application was devoted to assessing the impact of viral inputs on
shellfish growing areas (Pommepuy et al., 2002). Thus, models enable the impact of
diverse pollutants, including pathogens to be simulated and are currently applied in
coastal management.

Interestingly, the increasing use of models has led to research on predicting the risk
of illness. The results considered a probable dose – response relationship that links
fecal contamination concentrations in bathing areas to the likelihood of contracting
gastro-enteritis (Harris et al., 2004; Kay et al., 2005a). The application of models is
said to be a promising approach to test management strategies, for example, reducing
specific sources impacting water quality, relocation of an outfall, or re-examining
control strategies. They provide useful guidance on quantifying the health gain from
various levels of treatment applied to waste waters (Harris et al., 2004).

4. Improving risk management strategies for shellfish harvesting areas
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Risk management strategy involves different measures to ensure consumer protection
and a sustainable development of aquaculture. The former consists in enforcing the
strict application of regulations. Research to assess the risk of shellfish consumption
must be developed to improve safety control and consumer protection. Finally,
warning systems could be set up in coastal areas to advise shellfish producers and
administration officials when events could lead to shellfish contamination. These
measures will ensure shellfish quality and increase consumer confidence and thus,
would greatly contribute to sustainable development of aquaculture.

4.1 Applying the regulations
A set of marine sanitary regulations exists for shellfish and bathing water quality (EC
Directive 91/492 for Harvesting Area Classification; European Bathing Directive
76/160/EEC). Moreover, regulations to protect coastal water in terms of its ecology,
like the Clean Water Act (USA), or the European Framework Water Directive (FWD)
must be applied to enhance water quality in terms of fecal pollution. Food Safety
regulations complete the comprehensive legislative system to ensure consumer
protection. If applied, all these regulations will lead to drastically improved coastal
water quality where shellfish are grown.

The nested-regulation set up by lawmakers during the past decade refers to the
competent authorities's responsibility to design tools and to establish measures to
comply with standards, including those on catchments. The Drinking Water Directive
published in 2004 by the World Health Organization also recommended a risk-based
approach to the management of water quality from catchment to consumers. In the
United States, in the Clean Water Act, and more recently in Europe in the FWD, it is
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up to the States to develop appropriate measures. Integrated river basin management
has to be set up with coordinated programs of measures. Systems to protect all water
bodies, surface water and ground water must be implemented (Blöch et al., 2001;
Vanrolleghem et al., 2005). Although the FWD is addressing an ecological objective,
this Directive has to take “protected areas” into account, among them shellfish
growing areas or bathing areas governed by daughter Directives. Moreover, new
regulatory catchment-based tools which have to be set up to assess pollution loads,
could benefit in daughter Directive benefits. In this way, Budget models have already
been developed and applied for bathing water quality assessment. (Kay et al., 2005a).

Real improvements in shellfish water quality could be expected as the result of fecal
load abatement efforts, such as rehabilitation of sewage networks and implementation
of new STPs (Mallin et al., 2001; Booth and Brion, 2004; Garcia-Barcina et al.,
2006). The strict application of the nested-regulations set up to preserve environment
quality and safety could lead to a real upshift in water protection. Nevertheless, efforts
are still needed to perfect the entire control system. Presently, although guideline
values exist for marine water quality in Europe, there is no mandate for wastewater
quality, unlike in the United States.

4. 2 Improved shellfish risk analysis

As a consequence of outbreaks of shellfish borne illnesses in the last century, most
countries have developed regulations concerning the sanitary quality of shellfish
growing areas (Anonymous, 2005; Zohrab, 2004; Anonymous, 2003). EC Directive
91/492 stipulates the classification of shellfish harvesting areas by E. coli standards in

15

shellfish (< 230 E. coli). Shellfish waters in the United States are regulated by the
Federal standard of 14 colony-forming units (CFU) per 100ml of water (USFDA,
1995). The same standards are applied in Australia, New Zealand and other areas
where shellfish are grown.

Traditionally, quantification of risk relies on traditional fecal indicators i.e. fecal
coliforms and E. coli. These standards have been shown to be suitable for the
prevention of enteric outbreaks such as typhoid (Rose and Sobsey, 1993). However,
as mentioned above, bacterial indicators are not suitable to predict all microbial risk.
Quantitative information on pathogen concentrations in the environment will allow us
to better evaluate health risks in coastal areas in developing quantitative risk
assessment models. This approach is based on hazard identification, dose-response
determination, exposure assessment and risk characterization. An application of this
approach has been proposed by Rose and Sobsey (1993). Using an Echovirus 12
probability model, the individual risk for consumption of 60g of raw shellfish ranged
from 2.2/10,000 to 35/1,000. For Bosch et al (1994), the rotavirus risk varied from
15/1000 to 540/1000 depending whether or not the shellfish was depurated.

Promising advances in molecular detection indicate the possibility of directly
detecting the presence of targeted pathogens in the environment. Gene probes or
biosensors are already available to detect pathogens in food (Scott et al. 2002,.,
Pommepuy & Le Guyader, 1998). Real Time PCR already provides quantitative
information to implement a viral risk assessment approach for shellfish risk. These
methods, applied to environment samples and combined with genetic information on
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strains (genotyping, molecular characterization...), could help identify the danger from
pathogens amongst emerging pathogens.

4.3 Establishing a warning system

Different strategies have been proposed to protect the consumer, among them
shellfish depuration (Lees, 2000). Unfortunately, enteric viruses are hard to remove
from shellfish (Richards, 1988; Loisy et al., 2005) possibly due to ionic binding with
glycogen and mucus during the winter months (Burkhardt and Calci, 2000). Recently,
Le Guyader et al. (2006) demonstrated Norwalk virus-specific binding to digestive
tissues in the oyster by carbohydrate structures. This mechanism is similar to those
used by this virus to attach to human histo-blood group antigens. These results explain
why depurated shellfish which met the E. coli standards, were found to be involved in
foodborne diseases (Butt et al., 2004).

To overcome these difficulties, management strategies, as proposed above could be
implemented to decrease the viral input and use marine dilution to grow shellfish in
good water quality. Despite all the management measures which could be set up,
specific events could still occur and lead to viral contamination. New management
strategies could be to remove shellfish before the contamination when possible or if
not, to rapidly warn shellfish producers about possible pollution events. An automated
monitoring network has already been described to survey toxic algal blooms on a fish
farm (Butler et al., 2001) and the implementation of similar early warning systems
was recently proposed for shellfish production sites (Le Saux et al., 2006). Expert
systems for monitoring wastewater treatment plants are already available and could be
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associated with prediction of wastewater inflow from sewage treatment plant (Punal et
al, 2002). This information could be gathered through surveys for viral illness in the
population (Pommepuy et al., 2005). Once validated, early warning systems would be
set up to send data from various probes deployed in the environment and provide realtime monitoring data on rainfall, STP failures, drops in salinity and other parameters
(Le Saux et al., 2006).

Recent changes in the frequency and intensity of extreme events have been reported
by different authors (Pfister et al., 2005; Chen et al., 2006; He et al., 2006). Forecast
models devoted to climate change predict local modifications, which have to be taken
into account in managing shellfish resources. If global warming brings about
increased coastal rainfall, that could lead to increased runoff and fecal loading to coast
waterways, the early warning system could be an important tool for developing both
aquaculture and consumer confidence.

5. Conclusion and Future trends

Monitoring viral contamination is complex and must take into account different
factors such as detection methods, technology, social demands and the sustainable
development of aquaculture.

Recent advances in technology, especially in developing molecular tools, make it
possible to look for pathogens directly in shellfish implicated in outbreaks. Searching
for norovirus and Hepatitis A virus in seafood, for regulatory purposes, have been
recommended by experts involved in EU, FAO and WHO working groups.
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Quantitative data recently obtained on naturally contaminated samples implicated in
outbreaks would help us better assess the threshold viral concentrations for
regulations. In the near future, gene chip technology enabling direct detection of
pathogens will contribute to managing the risk and preventing outbreaks (Rose &
Grimes, 2001). Epidemiological networks are important to rapidly detect outbreaks
and identify potential new pathogens.

Consumer demand nowadays is focused on food quality, and one of the monitoring
objectives is to set up available regulations to avoid contaminated shellfish being put
on the market. New regulations set up in Europe, the USA, or in other developed
countries are taking this demand into account. Nevertheless, to complement the
regulations, important information is lacking concerning risk assessment for shellfish
consumption. For example, very little information exists on exposure to assess viral
danger. Dose response, although probably very low, is still being studied.

The last aspect of monitoring concerns the sustainable development of aquaculture.
This development is closely linked to environmental quality in shellfish breeding
areas. The nested–regulations set up for water quality, bathing areas and shellfish
growing areas, if well applied, would provide the guarantees and the management
tools. The presence of shellfish growing areas can actually act as a guarantee of the
protection of the environment. There are promising examples of coastal management
designed to reduce the fecal load which could make recovery of water quality
feasible. Used in association with early warning systems, they could help ensure
shellfish quality and increase consumer confidence and thus, would greatly contribute
to sustainable development of aquaculture. Shellfish have long been recognized as
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being beneficial to human health and this benefit should also be taken into
consideration in managing the coastal areas and preserving the water quality.
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Table 1: Analysis of shellfish events leading to outbreaks of human illness.

Table 2: Examples of reported performances of full scale sewage treatment plants on
viral removal

Figure 1: Effect of setting up equipment on shellfish quality, Morlaix, France. Ref.
REMI network, Ifremer data: www.ifremer.fr/envlit/ .

-♦- Escherichia coli; ■ Geometric mean (Gm)
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