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Introduction
The main agents of illness in Europe are viral and are principally Hepatitis A Virus
(HAV) and Norovirus with the latter predominating in Northern Europe (Lees 2000).
In the European Union, assessment of the risk of contamination of bivalve shellfish
harvesting areas by sewage-derived pathogens is undertaken by classification on the
basis of monitoring for Escherichia coli in samples of shellfish. At the time that this
study was undertaken, the requirements derived from the ‘Shellfish Hygiene
Directive’ 91/492 EEC were implemented in England and Wales by the Food Safety
(Fishery Products and Live Shellfish) (Hygiene) Regulations 1998. The classification
categories are given in Table 1. In practice, shellfish are sampled from defined
monitoring points on a monthly basis for their E. coli content per 100g of flesh and
intravalvular fluid and the classification is assigned on the basis of a time series set of
data.

Classification category
A
B

E. coli / 100g Flesh
Less than 230

Suitable
for
consumption
without processing.

Less than 4,600 in 90% of Depuration or relaying in a
category A area or cooking by
samples
Less than 46,000

C

Comment

an approved method.
Relaying (minimum of 2
months) in category A or B area
needed or cooking by an
approved method.

N.B. Areas with levels of contamination higher than that denoted above for category C may be
designated as Prohibited, although this is not a formal classification category as defined under the
legislation. Shellfish from areas designated as Prohibited cannot be harvested or marketed for
consumption at all.

Table 1: Criteria for the classification of bivalve molluscan shellfish harvesting areas
under the Food Safety (Fishery Products and Live Shellfish) (Hygiene) Regulations 1998.
It is recognized that there are certain limitations in the use of E. coli as an indicator,
particularly in reflecting the viral content of shellfish on a single sample basis (Lee
2000). Brion et al (2005) have shown that F+ bacteriophage can be a better indicator
of the possible presence of Norovirus in shellfish.
On the basis of proposals for the use of F+bacteriophage as a viral indicator, it has
been used on occasions in England and Wales to assist in the assessment of the
significance of sewage spill events (arising from sewage treatment plant malfunction
or sewerage network breakages) and subsequent reduction of the presumed risk to
background levels. The study described here was carried out following a series of

successive sewage spills in a natural harbour (Langstone Harbour) on the south coast
of England following heavy rainfall. The area contains a flat oyster (Ostrea edulis)
fishery harvested by dredging. Samples of oysters were taken at intervals following
the cessation of discharges to determine the E. coli and F+ bacteriophage content of
the shellfish over that period and thus assist in the assessment of the event.
The sewage discharge arrangements and routine shellfish monitoring point locations
in Langstone Harbour are shown in Figure 1. The short sea outfall (SSO) at the
mouth of the Harbour was intended (at the time of this study) to discharge screened
storm sewage effluent, after passing through a 60mm screen, only when a sewage
treatment works located at the north end of the harbour was operating at full capacity
and the storm tanks were full. As the SSO location is in the mouth of the harbour, the
actual impact of each episode would depend on the direction of flow of the tide.
Materials and Methods
Investigative sampling The spill event was notified to CEFAS on 28 November 2003.
Shellfish samples were taken 3 days after the end of the event and again at 10 and 15
days. The samples were collected and transported to the CEFAS Weymouth
Laboratory in accordance with a standard sampling protocol (CEFAS 2006).
Microbiological testing Shellfish flesh testing for E. coli was carried out using a
standard 5 tube by 3 dilution Most Probable Number (MPN) method used for official
control testing of shellfish in the UK (Donovan et al 1998). Essentially, this
consisted of a Minerals Modified Glutamate Medium recovery step with incubation at
37°C for 18-24 hours followed by confirmation for E. coli on chromogenic agar
(Tryptone Bile Glucuronide Agar) testing for ß-glucuronidase activity.
Testing for F+ bacteriophage in shellfish was carried out according to ISO 10705-1
with the addition of a sample preparation step specific for shellfish (CEFAS 2003).
Basically, an aliquot of WG49 working culture was mixed with a small volume of
molten nutrient medium. Shellfish homogenate was added and the mixture flooded on
a solid nutrient agar base and allowed to solidify. Agar plates were incubated at 37°C
for 18-24 hours, resulting in the formation of a confluent lawn of host cells. Where
bacteriophage are present, visible plaques form and each plaque is derived from one
bacteriophage. Where necessary, simultaneous examination of parallel plates with
added RNase for confirmation by differential counts was carried out. The results are
expressed as the number of plaque forming units (pfu) per 100g of shellfish.
Other data Rainfall data was obtained from the UK Environment Agency from a rain
gauge situated in the catchment for the shellfishery.
Results
The first notification of a problem was received on 28 November 2003. This was
following high results (i.e. above the 4,600 E. coli class B threshold) from routine
classification monitoring undertaken by the Local Enforcement Authority (LEA) of
the class B oysters in Langstone Harbour on 24 November. The results of this testing
are shown in Table 2. To assess the effect on the shellfishery it was arranged with the
LEA that they should undertake some investigatory sampling for E. coli (the statutory
bacterial determinand) and F+ bacteriophage (putative viral indicator) to enable some

assessment to be made of the relative viral loading. No Norovirus analysis was
carried out due to resource constraints and so no direct linkage with pathogen content
is possible in this case. Details of monitoring point and discharge point locations are
shown in Figure 1.

Site
North end main channel (A)
North End Broom Channel (B)
Broom Channel Salterns (C)
Sinah Lake (D)

E. coli/100g
54000
17000
17000
24000

Table 2. Routine shellfish monitoring results of 24 November 2003.

Subsequent investigations by the Environment Agency showed that a period of
sustained heavy rainfall throughout the month of November caused an exceptional
number of discharges from the Eastney short sea outfall (SSO) at the mouth of
Langstone Harbour as follows. The discharge details were recorded as in Table 3.

Date
22 November
23 November
26 November
30 November

Duration of spill
2 hrs 35 mins
11 hrs 35 mins
8 hrs 20 mins
4 hrs 40 mins

Table 3. SSO spill and rainfall data.

Rainfall (mm)
14.7
7.5
19
13.8

Figure 1. Langstone Harbour Short Sea Outfall (SSO), continuous and Combined
Sewer Overflow (CSO) discharges and monitoring point locations

Bed name
Date
N End Main channel (A) 03/12/2003
Broom Channel (B) 03/12/2003
Salterns (C)
03/12/2003
Sinah (D)
03/12/2003

F+
bacteriophage
50000
72000
48000
102000

WEMS
E.coli
13000
4300
5000
1300

N End Main channel
Broom Channel
Salterns
Sinah

10/12/2003
10/12/2003
10/12/2003
10/12/2003

20000
38000
28000
29000

750
500
310
220

N End Main channel
Broom Channel
Salterns
Sinah

15/12/2003
15/12/2003
15/12/2003
15/12/2003

7200
7800
2100
6200

500
750
220
1400

Table 4. E. coli and F+ bacteriophage investigative monitoring results
The spatial variation characteristics of the two indicators differ markedly (see Table
4). For example, E. coli results would suggest that point A was the most
contaminated initially, whereas the F+ bacteriophage results would suggest point D
was the most contaminated. In addition, the E. coli levels at points B and D do not
appear to change significantly and fall within the class B threshold of 4600 E.
coli/100g (1300 to 1400 E. coli/100g) throughout the 3 to 15 December investigative
sampling period. In contrast, the F+ bacteriophage levels for these two points start at
72,060 and 101,750 respectively and are reduced by an order of magnitude to 7800
and 6150/100g respectively.
Enforcement action
Following receipt of the high results and after obtaining details of the emergency
discharges, a Temporary Prohibition Order (TPO) was issued for the whole Harbour
on the 28 November, prohibiting the collection of any live shellfish from that area.
Under the UK Food Safety Regulations in operation at the time, LEAs had the power
to issue TPOs if they were satisfied that there was a risk to public health.
The TPO was lifted and the beds reopened on 17 December following results at all
points falling below the 4,600 E. coli/100g class B threshold accompanied by a
distinct decline in the levels of F+ bacteriophage.

Discussions and conclusion
Norovirus is currently the commonest bivalve-associated viral pathogen in Europe,
however, the testing methodology for Norovirus in shellfish is still being developed.
It is expensive, time consuming and cannot currently be routinely undertaken by
enough laboratories to be applied across Europe at this stage. F+ bacteriophage
testing on the other hand is much simpler and cheaper. Studies carried out here at
CEFAS Weymouth looking at outbreak samples and samples after purification (Dore
et al 1998) have shown that F+ bacteriophage is a better indicator of possible
Norovirus presence than E. coli in these situations. A sewage spill and the time
following such an event when cleaner water conditions should return could be likened
to a purification tank scenario.
It is assumed that there would have been an increased risk of Norovirus presence in
this study, despite the statutory bacterial indicator levels having returned to below the
category B threshold, because of the continued elevated levels of F+ bacteriophage.
E. coli levels were initially very high (up to prohibited levels) as shown by the routine
monitoring results of the 24th November. Sewage spills via the SSO continued until
30 November but, despite this, E. coli levels were compliant with the class B
threshold of 4600 at 2 of the 4 sites (i.e. B and D) by 3 December (4 days later). F+
bacteriophage levels at these 2 particular sites on the other hand remained high and
indeed higher than the 2 other sites (A and C) showing continued breaches of the
4,600 E. coli threshold.
In summary, E. coli levels were within the class B range at 2 of the 4 monitoring
points after only 4 days following the cessation of spills, suggesting (misleadingly)
that all excess contamination had been relatively quickly cleared at these sites. F+
bacteriophage levels, however, were still elevated (although had decreased) at all sites
after 16 days compared with what would be considered typical for class B areas in
England and Wales. This suggests that an increased public health risk was associated
with the oysters at all four sites up to 16 days after the cessation of spills but that this
risk was not indicated by the results of the E. coli monitoring.
Water temperatures in the Harbour around the time of the study ranged from 6 to 9°C.
Removal rates of both indicators would be expected to be quicker in the summer
months when water temperatures are higher, promoting greater shellfish activity.
Based on the results of this study and the findings from other workers demonstrating
the value of F+ bacteriophage as an indicator of Norovirus presence in shellfish, we
would suggest that F+ bacteriophage might be a more useful indicator than E. coli in
deciding when shellfisheries should be reopened following sewage spills - in England
and Wales at least. We are aware that there are reservations in the use of F+
bacteriophage in some countries where preliminary studies may have shown more
equivocal outcomes. These might be due to climatic differences and/or potential
differences in the composition of the most significant sources of contamination,
leading to differences in F+ bacteriophage behaviour or presence in such situations.
Further work would be needed to clarify this point.

If F+ bacteriophage is to be used in pollution spill scenarios to assist in deciding when
control measures can be lifted, it would be advisable to carry out monitoring to
determine ‘normal’ background levels on a site-specific basis for each area.
It is understood that there has been a proposal put forward recently by the Food and
Drug Administration in the USA to use F+ bacteriophage as an indicator of virus
contamination following sewage contamination events. The proposal sets out reopening criteria based on F+ bacteriophage. Adoption of a similar approach in
Europe might therefore promote a harmonised approach to harvesting area
management between the USA and the European Community.
We now intend to carry out further studies under sewage spill conditions, this time
including pathogen analysis, to more fully evaluate the potential use of F+
bacteriophage as an indicator.
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