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1. INTRODUCTION

There is extensive evidence of the spread of diseases to man
following the consumption of polluted shellfish. Although a
wide range of diseases has been described, the main diseases are
typhoid and paratyphoid fever, salmonellosis, Vibrio
parahaemolyticus infection, viral hepatitis type A (infectious
hepatitis), paralytic shellfish poisoning, and cholera.l The
reasons for the association between disease and consumption of
shellfish are to be found in several aspects of their production
and of the marine environment to which they are subjected. Thus,
some shellfish are derived from coastal waters, which are often
polluted by sewage and other wastes. Furthermore, shellfish are
frequently eaten raw or only lightly cooked or preserved, and
often provide a good medium for the proliferation of some patho-
gens and microoorganisms that cause spoilage. The consumption
of shellfish taken from polluted areas or following incorrect
storage or treatment has therefore resulted in the occurrence of
disease on a scale that is possibly larger than would be expected
from the total amounts of shellfish consumed.

The shellfish industry of the world is large (Table 1), and
in view of the increasing shortage of animal protein it is likely
to expand further. While most of the major fish resources of the
world are fully exploited, expansion of the shellfish industry
seems likely, for many of the molluscan species can be cultivated
in coastal and estuarine waters by simple, established techniques.

1 See WHO Technical Report Series, No. 550, 1974 (Report

of a WHO Expert Committee on Fish and Shellfish Hygiene).
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SUMMARY OF WORLD PRODUCTION OF
MOLLUSCS AND CRUSTACEANS IN 1973

Molluscs2 Crustaceans
b b
Type Catch— Type Catch—
Freshwater molluscs 46 Freshwater crustaceans 58
Abalones, winkles, Crabs, sea-spiders, etc. 365
conchs, etc. 62 Lobsters, spiny rock
Oysters 762 lobsters, etc. 94
Mussels 417 Squat lobsters, Nephrops 77
Scallops, etc. 205 Shrimp, prawns, etc. 1 107
Clams, cockles, Miscellaneous marine
arkshells, etc. 625 crustaceans 83
Miscellaneous marine
molluscs 250
Total 2 367 1 784

2 Excludes cephalopods, for which the total catch was

2 367 000 metric tomns.

b Expressed as thousands of metric tons (live weight).
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When shellfish are taken from polluted areas or handled under
unsatisfactory conditions of hygiene, they present a high risk to
the consumer, and this risk will increase in frequency as greater
quantities of shellfish are consumed. Shellfish therefore pose
special problems to public health authorities in the areas of
production and during handling, processing, and transport to the
consumer,

The implementation of an effective system of control may be
costly for both public health authorities and the industry.
However, epidemics of shellfish-borne disease may be considerably
more costly to the community, in several ways. In addition to
the direct and indirect costs of the diseases involved, there are
further costs - to the shellfish industry as a result of stopping
production and to the tourist industry as a result of the adverse
publicity often given to epidemics associated with shellfish.
Thus, the cost of implementing an efficient system of public
health control of shellfish production and marketing is often
negligible when weighed against the benefits to health, the
shellfish industry, tourism, and the community in general,
Furthermore, there is often a direct economic incentive for
efficient control of shellfish production where the industry
depends upon exports to other countries, for such exports are
possible only where the standards of production are acceptable
to the importing country,

Many different types of shellfish, particularly molluscs,
are taken for human consumption throughout the world. They are
grown under varying conditions of climate and environment and are
treated or processed in many different ways to suit the dietary
habits of each region. Few of these methods of production,
treatment processes and preparation, or local dietary habits are
described in the scientific literature, and it is not possible to
consider all of them here, However, the production, treatment,
and preparation of shellfish taken from the coasts of North
America and from the Atlantic and Mediterranean coasts of Europe
are well known, and this guide will deal mainly with shellfish
from these areas. Although the detailed methods described may
not be universally suitable, the underlying principles are of
general application and will be of value to those seeking
guidance on shellfish hygiene in other parts of the world,

The aim of this guide is to summarize information on shell-
fish hygiene pertinent to the production of shellfish suitable
for human consumption, to the prevention of shellfish-borne
disease, and to the control of outbreaks of shellfish-borne
disease should such outbreaks occur, It is intended for the
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use of officials and professional personnel concerned with the
prevention and control of disease transmitted through shellfish.

-2, A BRIEF DESCRIPTION OF THE SHELLFISH INDUSTRY

2,1 TYPES OF SHELLFISH EXPLOITED COMMERCIALLY

In this guide attention will be given mainly to marine and
estuarine species, which form the bulk of those taken for human
consumption, The term shellfish normally includes a wide range
of marine aquatic animals all characterized by the possession of
a hard shell, usually on the outside of the body., Most shell-
fish are either molluscs or crustaceans. The molluscs (Figs.
1-3) include (a) the bivalves, which have two external valves or
shells hinged together - the clams, cockles, mussels, oysters,
scallops, etc.; (b) the gastropods, which have one external
valve, usually in a spiral - whelks, winkles, limpets, abalone,
etc.; and (c) the cephalopods, which have no visible shell -
the squids and octapods. The crustaceans (Fig. 4) are arthro-
pods withmany-jointed limbs, covered by a hard shell; most are
mobile, e.g., shrimps, prawns, crabs, lobsters, and the spiny
lobster, although some have adopted the sessile habit, e.g.,
barnacles. In some parts of theworld, hard-shelled invertebrates
belonging to other groups are eaten, e.g., sea urchins. This
guide is mostly devoted to hygiene problems related to molluscs;:
those parts of the guide dealing with general hygiene, heat
processing, handling, etc., apply equally to crustaceans.

FIG. 1. COMMERCIALLY IMPORTANT CLAMS

Spisula solidissima (above), Tapes philipparum (left), Andara
granosa (below), Scapharca subcrenata (right).

FIG. 2. COMMERCTALLY IMPORTANT OYSTERS AND A MUSSEL

Ostrea edulis (above left), Crassostrea virginica (above right),

Mytilus edulis (below).

FIG. 3. COMMERCIALLY IMPORTANT SCALLOPS AND GASTROPODS

Chlamys opercularis (above left), Placopecten magellanicus
(above right), Buccinum undatum (below left), Haliotis
tuberculata (the abalone - below right).

Fig. 1-3: British Crown Copyright (source: Ministry of
Agriculture, Fisheries and Food - Fisheries Laboratory, Burnham
on Crouch, Essex, United Kingdom).






FIG. 4. SMALL CRUSTACEANS (SHRIMPS AND A PRAWN)

- Crangon crangon (above), Pandalus montagui (middle), Pandalus
borealis (below). Larger species include the lobsters, the
spiny lobsters, and the crabs, British Crown Copyright
(source: Ministry of Agriculture, Fisheries and Food -
Fisheries Laboratory, Burnham on Crouch, Essex, United Kingdom).
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2.2 BIOLOGY OF COMMERCIAL SPECIES

Bivalve molluscs are widely distributed throughout the seas
of the world, Some are found in deep water away from the coast
(e.g., scallops), while others are found in shallow water or
intertidally (e.g., oysters, cockles, and mussels). Most are
filter-feeders taking suspended food algae from a current of
water passed through the shell cavity. Large volumes of sea-
water are filtered: an oyster may filter up to 4 litres of water
per hour, The feeding rate is markedly influenced by environ-
mental conditions such as the salinity (salt content) of the
water, its temperature, and the availability of suitable food.
Most are sessile or move only short distances. They reproduce
by means of pelagic (floating) larvae, which are often spread far
from the parent stock before settling on the sea bottom or other
surface.

The gastropods have a single shell, which is usually wound in
a tapering spiral. They are widely distributed in both deep and
coastal waters., They are either herbivorous (e.g., the peri-
winkle), scraping small algae from rocks, or carnivorous (e.g.,
the whelk), eating small living and dead animals. A few species
are filter-feeders. Although capable of movement they normally
remain in a restricted area. Some may grow up to 20 cm long.
Some species have a pelagic larval phase; in others young adults
are produced from egg sacks laid by the adult on the seabed.

The cephalopods, which include the octopus and the squids,
are usually found in open coastal waters or offshore, They are
free~swimming.

The crustaceans are hard, many-jointed animals widespread
throughout the seas of the world in deep and shallow waters.
The larger species such as lobster and spiny lobster tend to
remain in rocky areas, whereas shrimps and prawns generally move
over the seabed in areas where soft sediments occur, Some
species, e.g., Norway lobster (scampi), live in burrows in muddy
substrate, All species feed on small animals or débris.

2,3 MOLLUSCAN FISHERIES

The offshore species, such as the scallops and some clams,
are fished well away from coasts by boats that usually return the
catch to port each day or store it under chilled conditionms.

Such species are therefore not subjected to coastal pollution,
except where this occurs as a result of secondary contamination
on board the vessel, usually from the use of wash-down pumps in
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harbour. These species are usually freely exploited, and while
conservation measures may be practised, there is no active
cultivation process. In shallow coastal waters, some species are
similarly exploited without cultivation, e.g., cockles and some
clams, while others such as oysters and mussels are often
subjected to intensive cultivation techniques that result in very
high production. Cultivation usually involves the collection of
young seed molluscs from areas suitable for reproduction, and
their relaying in other areas where growth and flesh conditions
are improved, In some areas seed molluscs are held in rafts, in
trays, or on ropes until they reach maturity., Thus, there is
considerable fishing and relaying activity of cultivated shellfish
in coastal waters. The shallow-water species are usually limited
to areas where the hydrographic conditions allow them to complete
their life cycle; for instance, pelagic larvae must be retained

not far from the adult stock, Such areas -~ usually on the coast
or in estuaries .or sea lagoons - provide conditions that allow
rapid growth. They are also the areas often subject to pollution

from sewage outfalls; because of their filter-feeding mechanism,
the shallow-water species are able to concentrate faecal
microorganisms in their tissues, in numbers far greater than those
present in seawater. ’

Molluscan shellfish from estuarine and coastal fisheries may
be gathered from exposed intertidal areas by hand, or from the
seabed by boat by means of a device such as a dredge. The shell-
fish are usually returned to land each day, where they are washed
to remove mud, grit, etc., and immediately sent to market in
simple containers. In warm climates, ice is often used to chill
the catch, In some areas, live molluscs are held in tanks or
basins of seawater until they are sent to market. In other
areas, shellfish may be heat-processed or purified in basins of
clean seawater to make them acceptable for human consumption.

2.3.1 Treatment of molluscs to make them suitable for human

consumption (Fig. 5)

Molluscs from coastal regions may be polluted by sewage, and
when taken from the water are unsuitable for immediate human
consumption. Such shellfish may be made safe for human consump-
tion by (a) relaying in clean natural seawater, (b) heat
treatment, or (c) purification in a specially designed tank: or
basin, Authorities in some countries, however, have reservations
about the use of purification techniques (see below).
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FIG. 5. PRINCIPAL METHODS OF HANDLING MOLLUSCS

MOLLUSCS
v
CATCH \
RELAY IN
CLEAN AREA
y /
LAND
SHUCK PURIFICATION
PLANT
\ WHO 76703
v
HEAT WASH,
TREATMENT PACK
EXTRACT
AND WASH
MEATS \
PACK,
CHILL
v
VINEGAR
OR BRINE
v
BOTTLE
OR CAN
\ v
MARKET

The boxed items are the methods of treating polluted shellfish,
Heat treatment is often undertaken for other purposes, for

instance, to prevent spoilage during marketing or because the
product is required in the cooked form.
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(a) Relaying. This process has been long known, and is
often part of normal shellfish cultivation processes. Bivalve
molluscs from polluted areas when relaid in areas of seawater not
subject to pollution by sewage throw out pathogenic bacteria and
assume the characteristics of the water of the new area. In
some areas, oysters, clams, and mussels are relaid. Although
purification may take only a few days it is normal for shellfish

_to be relaid in a clean area for at least two weeks, to ensure
that any shellfish damaged during the catching and relaying
process have time to respond. As part of good husbandry,
fishermen engaged in relaying seed molluscs try wherever possible
to ensure that the final area for relaying is one which will
produce a product acceptable for human consumption.

(b)  Heat treatment.l Heat treatment, when carried out
effectively, inactivates vegetative stages of pathogenic bacteria,
parasites, and viruses in shellfish, In countries where it is
administratively feasible, such practices have been adopted
only in large-scale enterprises. However, although heat
treatment is normally effective for the treatment of shellfish
taken from seawaters subject to sewage contamination, heat
treatment of molluscan shellfish will not detoxify shellfish that
have taken up toxic industrial wastes from the water. In many
cases, however, heat treatment is employed as a means of reducing
spoilage by the natural bacteria present when the molluscs are
caught. Adequate heat treatment thus achieves two functions -
it renders the product safe for human consumption, and improves
its keeping quality. Many types of shellfish are thus treated -
the bivalve molluscs such as cockles, clams, oysters, mussels,
and scallops, and gastropods such as winkles and whelks, The
whole shellfish is washed externally and then subjected to flowing
steam (Fig. 6), or placed in an autoclave or immersed in boiling
water for the time needed to allow heat to penetrate and kill
non-spore-forming bacteria. The time of exposure to heat depends
upon the size of the container, the rate of transmission of heat,
and -many other local factors, but should follow scientifically
established guidelines for the time and temperature of the heat
treatment, As an example, when molluscs were heated in a
relatively large volume of boiling water to avoid temperature
reduction, death of all coliform bacteria in large cockles
(about 40 mm diameter) and mussels (about 80 mm long) resulted
after 2 and 2-1/2 minutes respectively following resumption of
boiling. However, the time required to destroy coliforms in

L See Sherwood, H.P. The sterilisation of cockles and

mussels by boiling. Mon, Bull. Minist. Health, 16: 86-89 (1957)
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FIG. 6. A COCKLE-PROCESSING SHED

This photograph shows cooking pots and baskets for holding
cockles during steaming. The riddle (centre) is suspended over
the tank (right) in which the meats are collected. British
Crown Copyright (source: Ministry of Agriculture, Fisheries and

Food - Fisheries Laboratory, Burnham on Crouch, Essex, United
Kingdom).
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water held at 70°C increased to 4 and 4—1/2 minutes respectively.
Other shellfish require different times depending on their size
and the rate of heat penetration and the conditions of heating.
The opening of the shells does not indicate that sterilization is
completed, for this takes place soon after shellfish are immersed.
After heat treatment, the meats are extracted from the shells and
washed in potable water several times to remove grit, broken
shell, etc. The meats are then sent to market in impervious
containers, which are chilled, or the meats are packed directly
in ice, Often secondary processing is employed. The meats may
be held in brine for several days, after which they are sent to
market in netting bags, or they may be placed in bottles or cans
with vinegar or weak brine and subjected to a further heat treat-
ment process, Winkles and whelks and other spiral-shelled
gastropods are difficult to remove from the shell unless cooked.
Bacteriological tests have shown that when the flesh can be
removed readily it has been satisfactorily sterilized by the
cooking process.

(c) Purification. Just as shellfish relaid in clean sea-
water throw out pathogenic microorganisms, so do shellfish held
in tanks of clean seawater of a quality that allows them to
function normally, ~ For this purpose specially designed basins
or tanks are used, the molluscs being laid out on the floor or
held in trays or baskets in a layer, usually not more than about
6 cm deep (Fig. 7). The shellfish are hosed to remove grit,
mud, etc., and the tank flooded with clean seawater. During
immersion for two or more days, depending on the species, patho-
genic microorganisms are thrown out but retained in the shellfish
faeces. The faeces are insoluble and provided they are not
broken by excessive agitation of the water, the shellfish are
not repolluted. In all processes in commercial use, arrangements
are made for the shellfish to be separated from the faecal
detritus by suspending them in trays or baskets above the bottom
of the tank. The methods of handling the molluscs are also’
arranged so that faecal detritus is not resuspended, thus
avoiding recontamination of the molluscs. In order to allow the
process to take place, satisfactory conditions must be maintained
in the tank. If clean seawater is not available, the water used
must be sterilized before or during use for purification purposes,
In one widely used process, water is first treated with chlorine
by means of a simple contact process, excess chlorine being
removed with sodium thiosulphate, Sometimes ozone is used for
water sterilization, the excess ozone being removed by agitation
or aeration. In other installations, seawater is first treated
with ultraviolet light (Fig. 8). Some authorities have reserva-
tions about the use of ultraviolet light, because of the gradual



FI1G. 7. MUSSEL-CLEANSING TANKS

This photograph shows mussels being hosed, the supporting grids,
and (right) the gutter and penstocks used when the bottom of the
tank is being flushed, British Crown Copyright (source:
Ministry of Agriculture, Fisheries and Food - Fisheries
Laboratotry, Burnham on Crouch, Essex, United Kingdom).
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FIG. 8. A TYPICAL PURIFICATION PLANT EMPLOYING ULTRAVIOLET
LIGHT
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Essex, United Kingdom). ‘
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reduction of the quantity of radiation produced by the light
source during normal use. However, allowance can be made for
the rate of deterioration, and in some countries, ultraviolet
light is used successfully in installations for the commercial
purification of molluscs. To ensure that there is adequate
dissolved oxygen to allow the shellfish to respire, the water is
either changed at intervals, which vary with the water tempera-
ture and the density of shellfish relative to water volume, or

is .continuously circulated. When the latter system is used,
ultraviolet light is employed as the sterilizing agent during most
of the period of treatment, Rigorous checks must be made to

ensure that the water used in the process is of adequate salinity
(salt content) and that the water temperature does not fall below
the level at which the shellfish will function. After immersion
for the prescribed time, the shellfish are removed from the tank,
hosed down to remove mud, etc., and packed for despatch to market.
Shellfish intended for consumption in the raw state are usually
treated in a purification unit,

Where purification systems have been successfully employed
it is usual for all the operating conditions and the temperature
and salinity requirements to be prescribed in a code of practice
or in regulations, and for the plant and its operation to be
approved by the public health authorities. Each type of shell-
fish requires its own limiting conditions of salinity, temperature,
packing density, volume of water, etc., and it is essential for
public health authorities to ensure that these conditions are
known for the species being purified. Most is known about
bivalve molluscs, particularly oysters, clams, and mussels (see
bibliography, Annex 1), but it is probable that other bivalves can
also be purified by similar techniques. No established purifica-
tion techniques for the single-shelled gastropods (whelks,
winkles, etc.) are known, but if they are held in clean seawater
under appropriate conditions there does not appear to be any
reason why they should not also undergo purification. There is
evidence that some shellfish when grossly polluted may not respond
to existing purification techniques.

2.3.2 Shucking of molluscs

In some parts of the world, notably North America, the
tissues of bivalve molluscs, particularly oysters and clams, are
shucked (i.e., removed from the shell),l and after washing and

For details of this process, see part 2 of: US Department
of Health, Education and Welfare, 1965 (listed in Annex 1).



- 20 -

grading the meats are sent to market in chilled unsealed cans or
other receptacles, Shellfish for shucking must be of an accep-
table sanitary quality when taken from the water, for the
treatment process is not designed to reduce or remove polluting
microorganisms.

The shellfish are normally washed externally and opened by
hand, The meats are then subjected to several stages of washing
in flowing potable water to remove mud, shell, débris, etc.

After being placed in containers with a minimum amount of water to
cover them the meats are chilled or refrigerated. Shucked shell-
fish should be cooled to an internal temperature of 8°C or less
within 5 hours of shucking, and storage temperatures should not
exceed 8°C. Storage at 1-5°C is recommended. Containers
intended for frozen storage should be maintained at -20°C.

Because mollusc meats are highly perishable, high standards of
hygiene must be maintained in shucking establishments at all
times.

2.4  CRUSTACEAN FISHERIES

Most crustaceans, particularly the larger species, are fished
away from the coast and at the time of landing on deck of the
ship are usually free of microorganisms derived from sewage.

Some shrimps and prawns, however, are caught in estuaries and may
be contaminated by sewage but, unlike the bivalve molluscs, they
do not actively concentrate suspended particles, Shrimps and
prawns are found widely distributed in estuaries and in coastal
and distant waters. Many are caught by vessels engaged on long
voyages, and the catch is immediately deep frozen until returned
to port, where it is normally taken to a factory for processing.
Such shellfish must be processed under conditions that do not
allow secondary contamination or growth of spoilage organisms to
take place. This is achieved by attention to the principles of
fish processing, which are well described elsewhere.2 If such
products are eaten raw, a particularly high standard of produc-
tion is needed. Shrimps and prawns caught in shallow water are

1 For details of the requirements in the USA, see the US
Department of Health, Education and Welfare publication on the
subject listed in Annex 1. -

2 See the WHO and FAO publications listed in Annex 1. In
addition, codes of practice for fresh fish, frozen fish, canned
fish, smoked fish, and shrimps and prawns are being prepared as
part of the FAO/WHO Food Standards Programme,
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normally landed in the fresh or chilled state for processing
ashore or are heat-processed on board ship. Where shrimps and
prawns are eaten in the raw state, it is necessary to ensure that
the shellfish are not taken from polluted waters, that all stages
of processing are satisfactory, and that secondary contamination
does not take place, Cooked shimps and prawns are usually in

a satisfactory bacteriological state on leaving the cooker, but
great care is needed to ensure that the meats are not recontami-
nated, especially during cooling and washing. Shrimps and
prawns, whether cooked or raw, should not be '"freshened" by
copious washing with harbour water, which is often grossly
polluted.

Many of the larger species of crustaceans, such as crabs,
lobsters, and spiny lobsters, are landed in the live state. Some
species are taken to factories or other establishments, where they
are boiled or steamed before further preparation; they may be
chilled and sent to market, or the meats extracted followed by
deep freezing, chilling, or repacking in cans or bottles, which
are resterilized, Particular care should be taken to ensure
that extracted chilled meats or chilled whole shellfish are not
subjected to secondary contamination during processing and
storage. It is particularly important to ensure that bacterial
proliferation does not occur, for many crustaceans are known to
carry the free-living bacterium Vibrio parahaemolyticus (see
section 3.1.3), which under favourable conditions can multiply
extremely rapidly in the meat. Lobsters, spiny lobsters, some
crabs, and other large related species are sometimes landed alive
each day within hours of catching or are stored alive on board
ship in seawater, These species are usually sold to the retailer
in the live state, and live storage facilities may be set up at
the ports of landing or in markets. Such units can maintain the
lobsters in a live, active state for many weeks; provided they
stay alive, their own defensive mechanisms keep the flesh in a
state suitable for human consumption. Lobsters, spiny lobsters,
and related shellfish are usually cooked or processed before
consumption; where this is carried out industrially it is impor-
tant to ensure that secondary contamination and spoilage do not
occur during processing, storage and transport.

3. DISEASES TRANSMITTED BY SHELLFISH (Table 2)

3.1 BACTERIAL INFECTIONS AND INTOXICATIONS

3.1.1 Typhoid and paratyphoid fever

Historically, typhoid and paratyphoid fever were the most
commonly occurring diseases associated with the consumption of



TABLE 2.

CHARACTERISTICS OF IMPORTANT BACTERIAL AND VIRAL SHELLFISH-BORNE DISEASES OF MANS

Etiological
agent

Principal aquatic
food animals
involved as source
of infection

Sources of
infection for
aquatic food

animal

Mode of
transmission
to man

Disease in man
and most common
manifestations

Control

Bacterial Salmonella spp.: | Shellfish secondarily | (a) Human faeces and Ingestion of raw or (a) Typhoid and para- Proper sewage disposal
infection (a) S. typhi, contaminated by waters contaminated insufficiently cooked typhoid fever, Hygienic handling
S. paratyphi polluted waters or by human faeces contaminated shellfish septicaemia Adequate cooking and cooling
(b) Other species from improper (b) Human and animal (b) Salmonellosis: Restriction of fishing or of
(e.g., $. typhi- | handling faeces, polluted gastroenteritis harvesting in polluted waters
murivm, S. waters Relaying and purification of
enteritidis) shellfish from polluted waters
Vibrio cholerae Shellfish secondarily | Human faeces and waters Ingestion of raw or Cholera: severe watery Proper sewage disposal
contaminated by contaminated by insufficiently cooked diarrhoea, vomiting, -| Hygienic handling
polluted waters or human faeces contaminated shell- dehydration Adequate cooking and cooling
from improper fish . Restriction of fishing or of
handling harvesting in polluted waters
Relaying and purification of
shellfish from polluted waters
Vibrio para- Shellfish Organism occurs Usually from consump~ Diarrhoea, abdominal Hygienic handling
haemolyticus naturally in the tion of raw or pain Correct processing
marine environment inadequately coocked Adequate cooking and cooling
shellfish that have
not been properly
refrigerated
Bacterial Clostridium Fermented, salted, Sediment, water, Ingestion of improperly | Botulism: neurological .Correct processing
intoxication botulinum and smoked fish animal faeces procegsed fish or symptoms with high Cooking just prior to eating
shellfish case-fatality rate food
Staphylococcus Shellfish secondarily | Man - nose and throat Ingestion of shellfish Staphylococcal intoxi- Hygienic handling
aureus contaminated from discharges, skin cross-contaminated cation: nausea, vomiting, | Adequate cooling
improper handling lesions after cooking abdominal pain, prostra-
' tion
Bacterial Clostridium Shellfish secondarily | Polluted waters, Ingestion of cooked Diarrhoea, abdominal pain Rapid cooling of food after
intravital contaminated by human and animal shellfish that have cooking
intoxication— polluted waters or faeces, sediment not been properly
from improper refrigerated
handling
Viral Virus of Shellfish secondarily | Human faeces and Ingestion of raw or Infectious hepatitis Proper sewage disposal
infection infectious contaminated by water polluted by inadequately cooked Adequate cooking
hepatitis polluted waters or human faeces contaminated shell- Restriction of harvesting
from improper fish in polluted waters
handling . Relaying and purification of
shellfish from polluted waters
2 pdapted from WHO Technical Report Series, No. 550, 1974, p. 56.
b

Intoxication by toxin produced in the body by bacteria present in heavily contaminated foods.
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molluscan shellfish in Europe and North America. Shellfish
usually acquire the causative organisms from sewage-polluted
seawater, although they may be introduced into shellfish flesh
during processing by polluted fresh water used for washing meats,
equipment, etc. The disease is generally associated with the
consumption of raw molluscs such as clams and oysters. The
bacteria concerned are of importance as the minimal infective
dose for man is rather low, However, there is some evidence to
support the view that only grossly polluted shellfish have caused
typhoid and paratyphoid fever. The organisms can usually be
removed from molluscan shellfish by relaying in clean water, by
heat treatment, or by purification techniques.

3.1.2 Salmonellosis

Salmonellae are widespread in the natural environment as a
result of contamination by faeces. In many areas, salmonellae
are common in animal and human communities and sewage entering
seawater may contain large numbers of these organisms. Thus,
molluscan and crustacean shellfish taken from polluted coastal
waters may contain Salmonella. These organisms may be further
acquired during subsequent handling and processing, as a result
of secondary contamination by polluted water or soil, infected
domestic animals, or food handlers, Although only small numbers
of the organisms are present in shellfish just taken from the
water or immediately following secondary contamination, inadequate
storage and handling procedures can allow multiplication and shell-
fish may then cause food poisoning. Salmonellosis can be
prevented by observing good shellfish hygiene practice.

Salmonella may also be removed from bivalve molluscs by purifica-
tion procedures,

3.1.3 Vibrio parahaemolyticus infection

Vibrio parahaemolyticus is a naturally occurring organism
widely distributed in parts of the marine environment including
sediment, water, invertebrates, and fish. It is usually not
associated with polluted sewage outfalls, although there is some
evidence that seawater adjacent to discharges from shrimp-
processing factories may contain above-average numbers of the
organism, Although information concerning this organism is not
complete, there is evidence that large numbers of bacteria must be
present before food poisoning results. It is more commonly found
in crustaceans, but has been recorded in molluscs. Thus food
poisoning is most likely to occur where shellfish are incorrectly
processed, under conditions that allow the proliferation of the
Vibrio. There is some evidence that the organism may be spread
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from utensils and equipment in fish-processing premises, and that
massive bacterial multiplication can take place in lightly
preserved fish and shellfish stored under unsatisfactory condi-
tions. Experiments suggest that the organism cannot be removed
by purification or relaying. Provided good conditions.of
handling, particularly with regard to temperature, are maintained
during processing and storage, especially of crustacean meats,

V. parahaemolyticus should not present a public health problem.
The presence of small numbers of the organism in the final product
does not indicate that the product is unsafe for human consump-
tion but underlines the need to maintain good conditions of
processing and storage until the product is consumed. Sources
that persistently yield shellfish containing demonstrable

V. parahaemolyticus should therefore be investigated, to ensure
that substantial numbers of the organism are not present in
shellfish destined for human consumption.

3.1.4 Cholera

There is recent evidence that shellfish may serve as a
vehicle of infection for Vibrio cholerae. This organism is not
usually present in the natural environment, except when cases of
cholera are occurring. At such times, V. cholerae may enter
coastal waters with sewage, where it persists for variable
periods. Molluscan shellfish can therefore acquire the organism
as a result of their feeding activities (see section 2.2), whereas
shrimps and possibly other crustaceans taken in polluted coastal
or estuarine waters may be contaminated directly. Furthermore,
shellfish may be contaminated at any stage of the handling,
treatfment, transport, or storage, for during epidemics of cholera
the organism may be widely distributed and may remain viable in
processing premises, moist organic matter, or inadequately washed
equipment for a few days. As a result, clean shellfish and other
foodstuffs entering the premises may be contaminated by
V. cholerae derived from previous batches of shellfish, It seems
probable that live contaminated shellfish or shellfish meats,
during transport from the area of catch through markets and
retailers, may contaminate other foodstuffs, water, absorbent
surfaces, etc., for the exudate of stored shellfish is rich in
organic matter, which under inadequate temperature conditions may
allow the Vibrio to proliferate,

Because of the highly contagious nature of V. cholerae,
shellfish subject to pollution by sewage containing this organism
should not be taken for human consumption. Where it is not
possible to prohibit fishing, or where contamination is intermit-
tent, shellfish should be subjected to controlled heat treatment
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before being distributed, and care must be taken to ensure that
the meats are not contaminated after treatment. To prevent such
contamination and the possible proliferation of the organism in
shellfish, heat treatment and packing in sterile containers should
be carried out in the area of production, under close supervision,
and not at the wholesale, retail, or domestic level. It is not
yet known whether purification processes can remove the causative
organism from molluscan shellfish.

3.2 VIRAL INFECTIONS

3.2.1 Viral hepatitis type Al

Viral hepatitis type A is the only viral disease for which
shellfish have been shown to be a source of infection. Because
of the lack of suitable methods for isolating the virus, and
because the incubation period is long (usually 20-40 days) the
role of shellfish is not fully understood. There is evidence
from Sweden and North America that grossly polluted raw or
improperly cooked clams and oysters have caused hepatitis. The
organism is probably taken up by molluscs during their normal
feeding activities, for the virus is probably present in sewage
from communities where infectious hepatitis occurs. There is
evidence that under some circumstances virus particles remain
viable in seawater for periods considerably longer than faecal
indicator bacteria such as Escherichia coli. Secondary contami-
nation of shellfish may also occur during handling and processing,
from polluted washing waters, infected food handlers, etc, There
is no evidence of hepatitis following the consumption of crusta-
ceans. Chilling or freezing of contaminated shellfish is
unlikely to reduce the hazard.

Shellfish from an area known to be contaminated by sewage
derived from a community with cases of viral hepatitis should not
be taken for human consumption, even after heat treatment, for the
virus can withstand a temperature of 100°C for several minutes.
Because there are no specific methods for isolating the agent of
hepatitis type A, it is not yet possible to assess whether or not
purification processes are effective in removing the agent from
molluscan shellfish. Experimental work with other viruses
(enteroviruses) has shown that under certain conditions viruses
may be retained in molluscs after they have been subjected to
simulated purification processes. However, at the present time,
there is no evidence that shellfish derived from commercially
operated purification plants have caused viral hepatitis.

1 See WHO Technical Report Series, No. 512, 1973.
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3.2,2 Enteroviruses

While considerable evidence exists for the transmission of
hepatitis virus type A by shellfish taken from sewage-contaminated
water, conclusive evidence of the transmission of enteroviruses by
shellfish is lacking. These viruses, however, are known to occur
in shellfish taken from sewage-contaminated waters. Since a
single infectious enterovirus may cause an infection in man, the
presence of enteroviruses in shellfish must be regarded as a
potential disease hazard to persons ingesting the contaminated
shellfish., Members of the poliovirus, echovirus, coxsackievirus,
and reovirus groups have been detected in oysters from the coastal
waters of the USA, as well as in mussels purchased at an Italian
market, Polioviruses have also been detected in oysters exported
from Japan. Mussels, oysters, and clams from various parts of
the world have been shown capable of accumulating enteroviruses
from the water in which they are feeding. Moreover, crabs can
become contaminated by feeding upon enterovirus-contaminated clams
under experimental conditions, Also of concern is the fact that
under some circumstances bacteriological indicators such as coli-
form and faecal coliform counts offer little or no indication of
the presence of virus in water or shellfish samples.

Enteroviruses have been shown to survive for long periods in

chilled and frozen oysters. Polioviruses were found to survive
in oysters imperfectly processed by stewing, frying, baking, and
steaming. Thus, the finding of enteroviruses in shellfish should

be grounds for their exclusion from commercial markets.

3.3 INTOXICATION FROM BIOTOXINS IN SHELLFISH

Biotoxins occur in a wide range of invertebrates, but only a
limited number are of public health significance. Probably the
most important of these from the viewpoint of food hygiene is
paralytic shellfish poison, a neurotoxin produced by marine
dinoflagellates, which are planktonic protozoa, principally of the
genus, Gonyaulax. G. catanella is the responsible species on the
Pacific Coast of North America and G. tamarensis is reported to be
the cause of outbreaks of paralytic shellfish poisoning on both
sides of the Atlantic Ocean. The paralytic shellfish poison
extracted from the butter clam, Saxidomus, is called saxitoxin,
which is often used as a synonym for paralytic shellfish poison.
Recent research indicates that G. excavata may be the toxic
species for the Atlantic Ocean. Outbreaks of paralytic shellfish
poisoning have been reported in many places, but the majority of
reports are from the east and west coasts of North America, the
British Isles, and northern Europe.
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Toxic shellfish are found seasonally in some areas such as
the Bay of Fundy, in eastern Canada, where visible toxic blooms
or "red tides" are not known to occur. However, visible
blooms have occurred during the summer or early autumn in the
coastal waters of Maine, New Hampshire, and the north shore of
Massachusetts since 1972, in areas where paralytic shellfish
poison intoxication had not previously been reported. The
occurrence of toxic blooms may be caused by a combination of such
environmental factors as a rise in seawater temperature, upwelling,
freshwater runoff, and heavy rainfall along coastal regions,

Early symptoms are "tingling or burning sensation of the lips,
tongue and face with a gradual progression to the neck, arms,
fingertips, legs, and toes". Gastrointestinal distress and
vomiting are less common. Death by paralysis may occur, usually
within 12 hours, There is no antidote for the poison but induced
vomiting, evacuating the stomach, and enema can reduce or prevent
the continued absorption of the toxin, Artificial respiration or
mechanical respirators may be needed in case of respiratory
distress. The fatality rate, based upon nine outbreaks involving
a total of 103 cases of paralytic shellfish poisoning, was 18 per
cent, The prognosis of the acute intoxication is grave for the
first 12 hours after onset. Thereafter, recovery is usually
uneventful and there are no lasting after-effects.

A closely related species of dinoflagellate, Gymnodinium
brevis, is found in the Gulf of Mexico. Toxic blooms of
G. brevis have been associated with a high mortality rate among
fish.

Respiratory infection is common among those living close to
the coast when G. brevis blooms occur. The first cases of neuro-
intoxication from the consumption of G. brevis-affected shellfish
were reported in Florida in 1973.

Other groups of invertebrates have been reported to become
toxic to man at certain times, but the precise cause of the
toxicity is unknown. Often there is a local history of these
toxic incidents and the public health officer should take note of
them when considering whether a source of shellfish is the cause
of toxic illness in man.

3.4 PARASITIC INFECTIONS

Because molluscan shellfish may be exposed to sewage,
parasitic organisms (protozoan and metazoan) may be present in
them, particularly where parasitic diseases are endemic; at
present the role of shellfish in the spread of parasitic diseases
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appears to be limited. There is evidence, however, that lung
fluke infection caused by Paragonimus westermani may be due to

the consumption of raw fresh-water crab. In developing countries
where parasitic diseases are more common, note should be taken of
the possibility of raw sewage-contaminated shellfish acting as a
vehicle for the spread of parasitic disease.

3,5 CHEMICAIL INTOXICATIONS

When the cause of illness following shellfish consumption is
being considered, the possibility of intoxication by chemical
substances introduced into the diet by accident should not be
excluded, ' Acute intoxication may result from contamination of
shellfish by chemical substances introduced during storage,
processing, transport, or preparation immediately before consump-
tion, The regular consumption of large quantities of molluscs
or crustaceans containing accumulated chemical substances such as
certain heavy metals may lead to chronic intoxication of the
consumer, particularly where shellfish form an important part of
the diet, All these causes should be considered when investiga-
tions into the cause of illness are made,

3.6 ALLERGY

In the investigation of incidents of shellfish-borne food
poisoning, it should also be remembered that molluscs and crusta-
ceans are a frequent cause of food allergy. The classical or
erythematous type of allergy may be confused with viral or
bacterial infection or intoxication as both may cause vomiting,
nausea, and diarrhoea, However, allergic manifestations
frequently include urticaria, asthma, and oedema, in addition to
or instead of gastrointestinal symptoms.

3.7 OCCUPATIONAL DISEASES

There is evidence of occupational disease among those engaged
in the shellfish industry. Fishermen, particularly in tropical
waters, are often exposed to fish, shellfish, and other inverte-
brates that can bite or sting or cause dermatitis., Some persons
who handle molluscan shellfish have been found to be sensitive to
the juices from certain species. There is no known cure for such
conditions; persons found to be sensitive should be employed
elsewhere in the processing plant so that they avoid coming in
contact with the shellfish. Also, protective clothing such as
rubber gloves, aprons, and high boots may be helpful in protecting
sensitive skin areas.
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3.8 OTHER DISEASES ASSOCIATED WITH THE CONSUMPTION OF SHELLFISH

Other shellfish-borne diseases are less common and/br not
fully understood. Since the industry deals with such a large
number of different invertebrates from the sea, many of which are
prepared and consumed in a large number of different ways, it is
not possible to describe all the routes by which the consumer may
be affected. Even in developed countries where bacteriological
and epidemiological investigations are usually made following
outbreaks of shellfish-borne disease, the precise cause of the
disease is often not established, Attempts have been made to
correlate disease with a variety of microorganisms including
faecal streptococci, Clostridia, and Pseudomonas spp., with the
total plate count (an estimate of the number of bacteria growing
on simple nutrient agar media at 30°C or 37°C), and with entero-
pathogenic viruses. There is little evidence at present to
suggest that any of these groups of organisms are important in the
spread of the shellfish-borne disease.

Shellfish, like any other food product, may be contaminated
during handling, processing, storage, freezing, marketing, etc.
Shellfish that are handled by unhygienic methods may serve as
vehicles for any of the common food poisoning organisms, e.g.,
Staphylococcus spp., Clostridium perfringens, and Salmonella spp.
Attention to well-established principles of food hygiene is
required to ensure that contamination and its consequences do not
occur,

4, MARINE ENVIRONMENTAL FACTORS AFFECTING THE
SANITARY QUALITY OF MOLLUSCAN SHELLFISH

As is evident from section 3, the major health hazard
associated with shellfish is that caused by the consumption of
raw molluscs, For this reason, much investigational work has
been carried out on the marine envirommental factors affecting
the sanitary quality of molluscs, and any public health officer
making investigations into the circumstances of an incident
should be aware of the principles involved, Such information is
also necessary for a routine sanitary evaluation to be made of an
existing or proposed shellfish-growing area. The environmental
factors may be broadly divided into those of a physical or
biological nature,

4,1 PHYSICAL FACTORS

The pollution of shellfish-growing waters by faecal bacteria
may occur in any area where the water is contaminated by human
faeces, sewage outfalls, or discharges from polluted rivers. In
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addition, contamination of shellfish-growing areas by water

draining from places where there are domestic animals can cause
unacceptable sanitary conditions. Of particular interest here
is pollution from warm-blooded domestic animals such as cattle, -
sheep, pigs, goats, ducks, and chickens. All of these excrete
Escherichia coli, used as an indicator of faecal pollution, and

may carry organisms pathogenic for man.
Sewage outfalls constitute the major source of coastal
pollution. The extent to which shellfish-growing areas are

affected depends on several factors.

4.,1.1 Location of discharge point

The position of the effluent discharge point relative to the
shellfish-growing area is important. Discharges should whenever
possible be located away from shellfish-growing areas.

4,1.2 Quantity and concentration of sewage effluent

The extent of the area polluted by an outfall depends on the
quantity of sewage effluent discharged. Because of the concen-
tration of faecal bacteria by filter-feeding organisms, very low
densities of faecal bacteria in seawater are significant, and the
effect of sewage outfalls are evident at a considerable distance
from the point of discharge. Thus, in North America, approved
shellfish-growing waters may not contain more than 70 coliforms
per 100 ml of seawater.

4,1.3 Quality of sewage effluent

The numbers of faecal bacteria and of bacterial pathogens
present in sewage are reduced by the degree of treatment given to
the effluent. An indication of the average coliform content and
the effects of treatment of domestic sewage are shown in Tables 3
and &, An effluent subject to primary and secondary treatment
(sedimentation and biological treatment) still contains substan-
tial numbers of faecal bacteria and viruses. Chlorination of
effluents that have received secondary treatment when carried out
efficiently, can result in very substantial reduction in bacteria
and viruses,
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TABLE 3. AVERAGE REDUCTION OF COLIFORMS
PRESENT IN SEWAGE AFTER TREATMENT

. Approximate
Collforms/loo ml 7 reduction
Untreated 106 -
Primary treatment
(sedimentation) 5 x 10° 50
Secondary treatment 4
(biological filtration, etc.) 10*-10° 90-99
Tertiary treatment
(chlorination®) 103-102 99.99

a . .
— Assuming the efficient working of all stages of treatment.

TABLE 4. PERCENTAGE REDUCTION OF BACTERIA
BY VARIOUS SEWAGE TREATMENT PROCESSES

Type of sewage treatment

Reduction in % of
total bacterial count

1. Sedimentation (dependent on
sedimentation time)

2. Trickling filters (dependent
on filter load)

3. Activated sludge treatment,
high rate

4., Activated sludge treatment,
low rate

5. Intermittent sand filtration

6. Chlorination of raw or
sedimented sewage

7. Chlorination of biologically
treated sewage, i.e.,
sewage treated by methods
2, 3, and 4 above

25-75

80-95

80-95

90-98
95-98

90-95

98-99

Source: Imhoff, K. & Fair, G. M. Sewage treatment,

New York, Wiley, 2nd ed., 1956.




- 32 -

4.1.4 Dilution and dispersal characteristics of receiving
waters

Sewage discharged into the sea usually undergoes an initial
dilution close to the point of discharge. This is dependent
upon many factors, but generally dilution is enhanced by
discharge into deep water and by the use of additional aids, such
as diffusers at the pipe end. At the point of discharge, sewage
diluted with seawater rises to the surface, often forming a stable
sewage field because of the density difference between the sewage
and the receiving water. After this initial dilution, further
dilution occurs, mainly as a result of the turbulence caused by
the current and tidal system. In some coastal areas, tidal
currents are the most important factor and can bring about very
rapid dilution and transport of sewage. In land-locked areas
such as lagoons or in some seas such as the Mediterranean and the
Baltic Seas, tidal currents may be insignificant but weak currents
may be induced by barometric conditions, prevailing winds, and
density gradients.

In areas where there are fast tidal currents and deep water,
outfalls can often be located so that contamination of shellfish-

growing areas is eliminated or reduced to a minimum.

4.2 BIOLOGICAL FACTORS

The degree of sewage contamination of shellfish-growing
waters and of shellfish is dependent upon several factors.

4.2.1 Bacterial content of sewage

The numbers of faecal bacteria and pathogens in sewage has
already been discussed in section 4.1, The frequency and type
of human pathogens in sewage varies with the prevalence of
various diseases in the community from which the sewage is
derived. In any community there exist disease carriers, and
several pathogens such as Salmonella, including S. typhi, viruses,
etc., may be excreted into the sewage system. In addition,
their numbers and varieties may be enhanced or new organisms
(e.g., cholera) may be introduced into the sewage system at times
of epidemics. These organisms are not always completely removed
during sewage treatment and remain viable in effluents entering
the sea. Clearly, where enteropathogenic diseases are endemic,
the risks of shellfish taking up the causative organism as a
result of sewage contamination are greater.
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4,2,2 Viability of sewage microorganisms in the sea

Most of our knowledge about the viability of human faecal
bacteria in the sea is derived from studies in the laboratory and
in the field of indicator organisms such as coliforms and of
Escherichia coli. There is evidence that the mortality of coli-
forms, E. coli, and Salmonella varies according to conditions, for
mortality appears to increase with incident sunlight and
temperature. Values for T9po (the time for a bacterial population
to be reduced by 90%) have been reported to vary between half an
hour and 20 hours, depending on the conditions. There is some
evidence that the salinity of seawater and the metabolic products
of phytoplankton exert a bactericidal effect on faecal bacteria.
In addition, faecal bacteria are subject to predation by marine
animals, settlement, accretion on suspended particles, and other
processes, all of which result in a reduction of numbers.
Enteropathogenic viruses derived from sewage appear to be
considerably more resistant than faecal bacteria, but as the
latter are found in sewage in considerably greater numbers, they
appear to be adequate as indicators of faecal pollution.

4,2,3 Behaviour of shellfish

The degree of contamination occurring in shellfish in
polluted seawater is also influenced by their biological
processes. Most of the gastropods or spiral-shelled shellfish
exploited commercially feed by grazing on sessile marine algae,
or are carnivorous and feed on small invertebrates. Thus, they
have no mechanism for concentrating faecal bacteria in their
tissues, However, they come into intimate contact with seawater
because of their respiratory currents, and so become contaminated
with faecal bacteria by direct contact. Filter-feeding molluscs,
on the other hand, as part of their feeding process, actively
concentrate faecal bacteria, which they remove from seawater.

An oyster, for instance, may remove the suspended material from
about 4 litres of seawater each hour, so that the bacterial con-
tent of its gut is considerably greater than that of the seawater
in which it is found (Fig. 9). Faecal bacteria taken in by such
bivalve molluscs do not enter the tissues but pass through the
gut, in the same manner as food and other suspended materials,
and the excreta consist mainly of food débris, silt, and faecal

bacteria. Thus, when contaminated shellfish are placed in clean
seawater under conditions that allow the shellfish to function
normally, faecal bacteria are excreted. There are two important

implications for shellfish hygiene: (1) because molluscan shell-
fish reflect the sanitary quality of the water in which they live,
their content of faecal bacteria will vary with any changes in
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the level of pollution of seawater such as might result from
changes in tidal currents (Fig. 10); (2) if polluted molluscan
shellfish are held in basins of clean seawater under controlled
conditions they throw out faecal bacteria, i.e., they are
purified and made satisfactory for human consumption. Some
organisms such as faecal streptococci appear to be retained
longer than coliforms. The same is true for viruses, From
the virus standpoint, purification varies among individual
shellfish, and bacterial indicators are even less correlated
with the presence of viruses during purification than during
the uptake phase; where human intestinal viruses are likely

to be present as a result of sewage contamination of shellfish-
growing waters, a liberal time should be allowed for
purification.

FIG. 9. EFFECT. OF WATER TEMPERATURE ON THE CONCENTRATION OF
E. COLI BY THE EUROPEAN FLAT OYSTER
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The concentration factor is the number of E. coli in oysters
relative to the number present in seawater, British Crown
Copyright (source: Ministry of Agriculture, Fisheries and
Food - Fisheries Laboratory, Burnham on Crouch, Essex, United
Kingdom).
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FIG. 10. CHANGES IN THE NUMBERS OF FAECAL BACTERIA IN WATER,
MUSSELS, AND OYSTERS DURING ONE TIDAL CYCLE
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Pollution was greatest around low water, except for oysters in
water at 2°C. British Crown Copyright (source: Ministry of
Agriculture, Fisheries and Food - Fisheries Laboratory,
Burnham on Crouch, Essex, United Kingdom).
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The rate at which molluscs feed and therefore become polluted
varies with a number of factors. Feeding rate is directly
related to water temperature and, as a result, in countries where
there is a seasonal variation in seawater temperature, shellfish
show greater levels of bacterial pollution in summer than in
winter; in some polluted areas, shellfish such as the hard clam
(Mercenaria mercenaria) which do not feed at low water tempera-
tures do not accumulate faecal bacteria during the winter months.
The salinity of seawater affects the feeding rate, there being
for most molluscs a lower limit of salinity below which they will
not feed. As the salinity of many estuaries, lagoons, and
coastal waters varies with run-off from the rivers there is
seasonal variation in the level of pollution of shellfish related
to salinity. The fact that bivalve molluscs do not show normal
feeding behaviour in waters of low salinity is of considerable
importance in the operation of shellfish purification plants,
where it is necessary for special checks to be made on salinity
at certain times of the year.

4,2.4 Development of toxic algae

The most obvious natural phenomenon indicative of a rapid
production of algal toxins ("toxic bloom") is the occurrence of
a "red tide" along the shore; however, not all red tides are
toxic and not all incidents of paralytic shellfish poisoning are
accompanied by algal blooms. The sudden appearance of dead or
dying seabirds (e.g., gulls and diving ducks) or mammals (e.g.,
the baboons on the South African coast) that may feed on shell-
fish is a warning of the probable presence of paralytic shellfish
poison, In the case of a Gymnodinium brevis bloom, there is
.usually a high mortality among fish, Blooms of non-toxic
species of marine algae may also produce coloured tides ranging
from red to brown. Such blooms are quite common in certain areas
and pose no public health problem. In areas where paralytic
shellfish poison is known to exist, non-toxic blooms must be
investigated and properly identified.

4.3 IMPORTANCE OF MARINE ENVIRONMENTAL FACTORS IN THE
SURVEILLANCE OF SHELLFISH-GROWING AREAS

From sections 4.1 and 4,2 it is evident that the marine
environmental conditions, faecal organisms, and shellfish are
influenced by many factors. In any field surveillance investi-
gation, whether of coastal water or of shellfish quality, a number
of factors must be taken into account when samples are collected.
For convenience, the most important questions are listed below:
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(a) Which infectious diseases are present in the community
served by the sewerage producing an outfall in the area?

(b) Is the sewage treatment plant operating normally/
abnormally?

(c) Is the discharge rate high or low, depending on the
time of day, the season, or the rainfall?

(d) Are storm overflows operating?

(e) Are tidal currents carrying sewage towards or away
from the shellfish growing area at the time of sampling?

(£) Is salinity high or low, so affecting the response of
the shellfish?

(g) Is water temperature high or low?

(h) Is the viability of faecal organisms at the time of
sampling likely to be low because of sunshine, high temperature,
salinity, etc.?

Some of these factors are comnsidered in section 6 in
connexion with surveillance.

5. MEASURES FOR ENSURING THE PRODUCTION AND
MARKETING OF CLEAN SHELLFISH

Many countries, particularly those in North America and
Europe, have evolved efficient systems of control with support
services that can be called upon when required, Such systems of
control should be provided wherever there is any substantial
shellfish industry and should cover all aspects of production
from the growing area right through to the processing and the
wholesale and retail trade. In the growing areas and where
purification plants are in operation, staff with very specialized
knowledge are required; elsewhere, public health officers
familiar with the general principles of food hygiene can deal with
problems related to shellfish hygiene as they occur. In order
to establish or improve shellfish sanitation services, the
following measures should be taken.

5.1 INTRODUCTION OF LEGISLATION

Legislation should be introduced providing for the setting
up of a service to deal with the sanitary aspects of shell-
fisheries, This service should exercise surveillance over
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growing areas and processing and handling plants. The officers
of the service should be empowered to enter growing areas or
premises for the purpose of inspection and sampling, There
should also be powers for enforcing the immediate closure of
polluted areas and preventing the removal of shellfish from these
areas for human consumption except under approved conditions, for
instance, on condition that they are subjected to an approved
process rendering them wholesome. Such processes include:

(a) Rélaying the shellfish in approved, clean, natural
waters for sufficient time to allow them to achieve a satisfactory
sanitary quality (see section 2,3,1).

(b) Purification in an approved installation (see section
2.3.1).

(¢c) Heat processing in an approved installation (see
section 2.3.1).

5.2  ESTABLISHMENT OF A CONTROL SERVICE

As described in section 5.1, a control service and a system
of sanitary control should be created. The service would be
particularly important in the coastal areas where substantial
shellfisheries occur, and would require support from local
laboratories,

Coastal staff should be familiar with the shellfish industry,
shellfish microbiology and hygiene, and the physical and biologi-
cal factors affecting the sanitary quality of shellfish, They
should be able to inspect shellfish-growing areas and purification
and processing plants and sample seawater and shellfish. The
control service and the system of sanitary control should be
adequate to maintain surveillance of shellfish at all stages of
production and marketing. The control service should be coordi-
nated at all levels and maintain close liaison with laboratory
services, sewage discharge authorities, fishery officers, and
other relevant bodies. The service should be able to maintain
surveillance of shellfish at all stages of production (see section
6). Where shellfish are found to be unsatisfactory the service
should have powers to close areas of production, treatment plants,
etc., and to seize unsatisfactory shellfish, As part of the
long~term preparations to deal with serious disease incidents, a
group of key specialists should be identified, together covering
a wide range of disciplines, which can be alerted to make special
"investigations at short notice.
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At the outset, all shellfish-growing areas should be surveyed
and classified according to the sanitary quality of the shellfish
they produce (see section 6). In the major centres of production,
bacteriological laboratories need to be established or existing
laboratories expanded and staffed with trained fishery bacterio-
logists. Such staff would be required to define clean areas of
production, to survey growing areas, and to monitor the bacterio-
logical quality of shellfish landed and of shellfish leaving
purification or heat processing plants, The presence of an
established, recognized service that actively samples and carries
out bacteriological tests and maintains close contact with the
industry will go a long way towards ensuring that shellfish
leaving the areas of production are of a high sanitary quality.
When there is a substantial industry, the cost of such a service
is justified because of the direct and indirect benefits that
result - improvement in public health, elimination of restrictions
on the shellfish industry, confidence of the consumer in the
quality of the product, and elimination of economic damage
resulting from loss of tourism. The control service should also
be responsible for the health education of food handlers, which
can be achieved mainly by the day-to-day contact of its officers
with fishermen, plant operators, packers, and others. Where
necessary, formal training courses for food handlers may be
organized by the control service.

5.3 PROVISION OF FACILITIES FOR THE TREATMENT AND HANDLING OF
POLLUTED SHELLFISH

Where polluted shellfish occur, consideration should be
given to the provision of purification and treatment plants by
private means, by cooperatives, or from local public funds.
Where a large number of fishermen are engaged in shellfisheries,
it may be uneconomic for each of them to construct and operate a
treatment unit. In some areas, wholesalers buy the catch from
the individual fishermen and process it before sale, but in some
circumstances it may be desirable for fishermen to join together
in cooperatives for this purpose, or for local authorities to
provide the facilities. Where joint or publicly operated plants
exist, treatment of shellfish is undertaken for a fee.

In countries where ambient temperatures are high, in addition
to the provision of shellfish treatment facilities, consideration
must be given to the provision of the means of maintaining the
product in a wholesome form from the time it is landed until it
reaches the consumer. Thus, arrangements need to be made for the
supply of ice, chilling facilities, deep-freeze storage, and rapid
transportation under chilled or deep-frozen conditions, Wherever
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possible, such facilities should exist even at the retail level,
Their provision will be beneficial from both the economic and

the public health standpoints.

5.4  IMPROVEMENT OF SANITARY CONDITIONS IN GROWING AREAS

The most important cause of shellfish pollution is pollution
of the growing areas by sewage from outfalls or from ships. The
effects of a polluting discharge may extend for a considerable
distance from the point of discharge, the exact distance depending
on the size of the discharge, its distance from the shellfish-
growing area, and the dilution and dispersal characteristics of
the area. Experience has shown that in many areas, the pollution
of shellfish-growing waters can be reduced or eliminated by the
treatment of the effluent and careful location of the discharge.
Primary and secondary treatment of a sewage effluent reduces the
numbers of faecal bacteria but even secondarily treated effluent
may cause pollution of shellfish-growing waters if treatment
facilities are improperly designed, sited, or operated. However, -
sewage treatment, by reducing the number of bacteria by about two
or three orders of magnitude, does lead to a reduction of the area
subjected to pollution. Chlorination of the effluent can bring
about a further substantial reduction of faecal bacteria in the
effluent.

In some areas, however, most benefit can be derived from
correct location of the outfall point, to avoid pollution of
shellfish-growing areas or to improve dilution and dispersal of
faecal organisms. Thus, the location of the discharge point in
deep water, the use of diffusers, or the discharge of effluent
only at particular states of tide (e.g., on the ebb, when it is
carried seawards) can lead to a substantial improvement in the
sanitary- quality of shellfish-growing areas.

Clearly, the economic aspects of installing efficient sewage
treatment and disposal methods and the size and importance of the
shellfish-growing area must both be considered, particularly where
substantial discharges already occur., However, where new
discharges are being considered, attention to the conditions of
discharge can often ensure that shellfish resources are not

. damaged.,

Thus, any technical appraisal of sewage treatment and
disposal into areas of shellfish production must include short-
term and long-term planning and extensive local investigations
to determine the most effective technical means of disposal,
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5.5 RESEARCH AND DEVELOPMENT

Most of the information available on shellfish hygiene is
derived from many years' experience in North America and Europe.
In other parts of the world, species unknown to these areas are
eaten and the marine environmental conditions and climate differ
markedly. Thus, conditions allowing the purification of some of
the species exploited in Europe, such as oysters (Ostrea edulis,
Crassostrea gigas), mussels (Mytilus edulis), and hard clams
(Mercenaria mercenaria), are well defined. However, little is
known about the conditions required to allow other species to
undergo purification; experience shows that there may be
differences between closely allied species (particularly the
clams), and even members of the same species may have different
requirements because they have become adapted to local conditions
such as salinity. Little is known about the purification
requirements for the gastropods (spiral-shelled molluscs), nor
for the vast range of other invertebrates eaten in tropical
countries. Where such shellfish or invertebrates form important
commercial fisheries located in polluted coastal waters and the
product is consumed in the raw state, investigations are required
to develop appropriate methods of treatment, Established
European methods of purification may be inadequate or may require
modification for use in tropical countries, since high water
temperatures will place a high oxygen demand on the water used in
the system, and the conditions of operation of purification plants
may need to be modified to meet this special problem. Similarly,
special conditions for the relaying of shellfish may be required
to meet the needs of locally exploited species. Thus, a programme
of research and development may be required to determine the
conditions under which shellfish from such areas can be marketed.

6. SURVEILLANCE
6.1 OBJECTIVES

The object of any surveillance programme is to ensure at all
times that shellfish for human consumption reach the consumer in
a safe, wholesome state. While the primary objective is health
protection, good surveillance will also ensure that the product
does not undergo spoilage or deterioration, and there are
therefore direct economic benefits from surveillance programmes,
Fully effective surveillance comprises the following aspects:
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6.1,1 Codes of practice

Surveillance of shellfish production, treatment, and
marketing cannot be undertaken without an accepted code of good
practice that is understood by commercial operators and agreed
between them and the controlling agency. Such codes of practice
may be mandatory or voluntary, depending on the circumstances.
Often it is convenient to employ mandatory articles for important
aspects of the surveillance (e.g., restrictions on fishing or
operation of purification plants), voluntary codes being agreed
between the industry, the individual operator, and the control
agency for less important matters.

6.1.2 Inspection procedures

Inspection procedures need to be carried out at all levels
of production and marketing to ensure that the industry or
individual operators are complying with mandatory regulations
or voluntary agreements. Inspections should be made at inter-
vals and should include both irregular and regular checks carried
out on a daily, weekly, or monthly basis, including inspection of
plant, equipment, and sanitary conditions generally and inspection
of  important records (e.g., quantities of shellfish treated,
origin and distribution, heat treatment). Records should be
kept of dates when inspections are made,

6.1.3 Sampling and laboratory examination

Inspection should be supported by sampling and laboratory
tests, particularly bacteriological examination as and where
appropriate - for instance, of the product at various stages of
production or of seawater from which it is derived.

6.1.4 Liaison

The inspecting authority should be in contact with other
public health authorities throughout the production and distribu-
tion chain, so that if public health problems arise it is able to
provide information on the origin, methods of production, and
likely sanitary quality of shellfish from various sources.

6.2 ROUTINE SURVEILLANCE

Routine surveillance should be carried out at all stages, or

at the key stages, of the production and distribution process and
should include surveillance of:



- 43 -
(a) the areas of shellfish production or landing;
(b) processing facilities;

(¢) packaging, storage, and transport arrangements from
the time shellfish are caught until they reach the consumer; and

(d) retail facilities.

The type of surveillance recommended for each stage of
production is summarized in Table 5.



TABLE 5. GUIDE TO SURVEILLANCE ACTIVITIES
Seawater Shellfish Records Facilities
examined for: examined for: inspected inspected
Growing area Faecal bacteria | Faecal bacteria No Yes?
Biotoxins (on a
seasonal basis)
Processing facilities
Storage basins Faecal bacteria | Faecal bacteria No Yes
Purification plants Faecal bacteria | Faecal bacteria Yes Yes
Heat treatment plants - Faecal and spoilage Yes Yes
bacteria2sC
Other processing plants - Faecal and spoilage Yes Yes
bacteria=
Wholesale - Faecal and spoilage - Yes
bacteria—
Marketing - Faecal and spoilage - Yes
bacteria—
Retail - Faecal and spoilége - Yes

bacteria~

2 Topographical inspection of shellfish-growing waters to determine sources of pollution.

b . . . . .
= In situations where secondary contaminants, e.g., Staphylococci, may be introduced
after processing, surveillance activities should be extended to include these organisms.

< Bacteria that proliferate in shellfish tissue causing spoilage of quality;

usually determined by means of "total" plate counts.

they are
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6.2.1 Surveillance of areas of shellfish production

The surveillance of shellfish-growing areas can be undertaken
by means of:

(a) topographical and bacteriological examination of
shellfish-growing waters; and/br

(b) bacteriological examination of shellfish at the point
of landing.

In some countries (e.g., the USA), emphasis is placed upon
categorization of shellfish-growing areas as approved or other-
wise on the basis of detailed investigations of the topography
and of the water quality. Such investigations include assess-
ments of the location and significance of sewage disposal outfalls,
of adventitious sources of pollution, of the reliability of sewage
treatment, and of the effects of storm overflows, all carried out
under a variety of conditions. Other countries, notably France
and the United Kingdom, place more emphasis on the quality of
molluscan shellfish taken from an area, but when an assessment is
being made of the suitability of an area for production, topo-
graphical factors and the bacteriological quality of water are
taken into account. One of the problems in assessing the
suitability of an area for production by examining shellfish-
growing waters is that there is no direct correlation between the
bacterial content of waters and of shellfish, In some countries,
however, effective control has been exercised using assessment of
shellfish-growing waters as the main basis of sanitary control.

The sanitary quality of shellfish-growing waters should be
checked by collecting representative samples of seawater and
analysing them for faecal indicator organisms (see Annex 2). The
sampling programme should, if possible, include hydrographic
studies and should take into account all the natural variations
described (see section 4.,1) -~ seasonal changes, changes in tidal
direction, effects of excessive rain, and effects of breakdowns
in sewage disposal systems. Once a survey of an area has been
completed, the area can be classified as approved (or otherwise)
for the production of shellfish for human consumption, Approved
areas of production can then be subject to surveillance by regular
sampling of waters from key stations, and to general surveillance
to ensure that no major changes affecting sewage discharge occur,

Surveillance of shellfish at the point of landing is a more
direct way of monitoring the quality of shellfish from an area.
Initially, investigations should be undertaken to determine
the quality of molluscan shellfish taken from representative areas
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under representative conditions of tide, weather, etc. From
these investigations it is possible to assess which areas are
suitable for the production of shellfish for direct human consump-
tion, and which areas should be closed or restricted. On a
routine basis, shellfish from approved areas can then be sampled
at the point of landing, to ensure that sanitary conditions in the
growing area remain satisfactory.

If the bacteriological analysis of seawater or shellfish
indicates that there has been a deterioration of bacterial quality,
further investigations are required, and these should be repeated.
Where unacceptable growing waters or polluted shellfish are
confirmed, action.should be taken to restrict the harvesting of
shellfish or to require that they be adequately treated.

6.2,2 Practical problems of surveillance of shellfish-growing
waters

Polluted shellfish-growing areas may require special surveil-
lance arrangements to ensure that shellfish are not taken for
direct human consumption. These measures may include the use of
fast patrol boats and other methods of surveillance, including
observation of boat movements, inspection of vessels, examination
at points of landing, and inspection of transport arrangements on
land. Experience has shown that in some areas surveillance of
polluted shellfish-growing areas closed to the fishing industry is
very difficult or impossible to maintain, mainly because
unexploited beds often contain very large resources of shellfish
of considerable economic value. In some countries, however, it
has been found that provided polluted resources are exploited
under approved conditions, i.e., by relaying, purification, or
heat treatment of the shellfish, the shellfish stocks are kept to
a level that does not offer such an inducement for unlawful
exploitation. In these circumstances, physical surveillance of
polluted shellfish-growing areas does not need to be maintained
at such a high level as that required for areas completely closed
to fishermen,

6,2.3 Surveillance of processing facilities

Surveillance should include inspection and sampling of
processing facilities.

(a) Storage basins (viviers). Water samples should be
taken when a storage basin is about to be set up and then at
intervals to ensure that seawater entering the basin is satis~
factory. At intervals, shellfish samples from the storage basin
should be examined bacteriologically. Surveillance should
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include investigations to ascertain that only shellfish from
approved clean areas are placed in storage basins.,

(b) Purification plants. Surveillance should include
periodic sampling of purified shellfish and inspection of the
operation of the plant and its records. The approval of a

purification plant should include a requirement that detailed
records are kept of:

(i) quantities and dates of shellfish passing through the
tanks;

(ii) dates when tanks are filled with water, and salinity;
(iii)  tank temperatures (daily record); and

(iv) the operation of water-sterilizing equipment, e.g.,
details of ultraviolet lamp efficiency, residual
chlorine measurements, concentration of ozone, etc,

(¢) Heat treatment processing. Surveillance should
include regular sampling and bacteriological analysis of the
heat-treated product as it leaves the processing plant, for faecal
bacteria and for non-specific bacteria. In addition, inspection
of processing records, plant facilities, water supply, and general
conditions of hygiene should be carried out, Where appropriate,
details of the heat treatment given to each batch of shellfish
should be recorded and the records inspected.

(d) Other processing installations. Surveillance should
include sampling of the final product for bacteriological
analysis, as well as examination of the water, equipment, and
shellfish at critical stages in the process.

6.2.4 General surveillance at the wholesale, market, and retail
levels

In addition to considering the specialized aspects of shell-
fish surveillance, the responsible public health authority should
ensure that the general principles of food hygiene are applied
from the time that the shellfish are caught until they reach the
consumer, These requirements are not described in detail here
as the relevant principles of hygiene are well known and described
elsewhere.1 Where appropriate, mandatory regulations or codes of

1
See the footnote on page 20.
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practice should be established and surveillance should ensure that
they are observed. In addition to general inspection, samples of
shellfish should be taken for bacteriological examination at all
stages of distribution, marketing, and storage to determine
whether or not there has been a deterioration in quality as a
result of secondary contamination or poor storage conditions.
Particular attention should be directed to sampling and inspection
at the market and retail levels, where shellfish are likely to
have been exposed to unsatisfactory conditions for longer periods.

6.2.5 Surveillance of shellfish for biotoxins

The origin of these toxins is described in section 3.3.
Algal blooms from planktonic organisms likely to produce toxin
may occur in any body of marine water when conditions are
suitable. Fortunately, except in a small number of areas, the
development of toxic organisms is rare. It is not generally
possible to predict when toxic organisms are likely to develop,
and in most shellfish-growing areas it is not feasible to under~
take routine monitoring or surveillance operations of the
plankton. However, in those areas where there is a past history
of biotoxin production, it is possible to monitor for the early
stages of toxin production, particularly during the time of the
year when toxicity has previously been shown to occur, i.e.,
during spring and early summer. Thus, prior to the period when
toxicity is anticipated, samples of commercially-produced shell-
fish from the shellfish-growing area should be taken at weekly
intervals and the amount of algal toxin determined (see Annex 3).

The "key station" concept has been effectively used to
control the harvesting of shellfish in areas known to be inter-
mittently or seasonably affected by paralytic shellfish poisoning.
Thus, a few "key stations'" are established and shellfish are
analysed for the poison in areas where toxicity is most likely to
be first detected, When the toxin is detected in the key
stations, additional monitoring statioms are established. If
the toxin exceeds the level of 80 micrograms per 100 grams of
edible portion of the shellfish, shellfish harvesting should
immediately be prohibited. If laboratory facilities are not
available to conduct an adequate monitoring programme in areas
where toxic blooms normally occur, large areas of coastal waters
may be closed to shellfish harvesting on a seasonal or year-round
basis. Closed areas may be opened for harvesting when serial
samples of shellfish meats from affected sampling stations
indicate that the toxin no longer exceeds the maximum safe level.
Gastropods such as whelks and moon snails, which feed upon
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bivalved shellfish, may also become toxic. Harvesting of these
species in areas where the toxin is present should also be
prohibited.

The rate of depletion varies according to shellfish species.
Species such as the soft shell clam (Mya), which accumulate toxin
rapidly, usually lose the toxin in a few weeks. The butter.clam
(saxidomus) and the sea clam (Spisula) are examples of shellfish -
that may retain the toxin for several months,

A further indication of the need to start or expand moni-
toring operations is the occurrence of discoloured seawater or
reports of dead seabirds, some of which are sensitive to algal
toxins, Sites most likely to support the development of toxic
algae are those where water temperatures are high and plant
nutrients are available, i.e., in lagoons, estuaries, and coastal
regions. Toxic algae may also develop in offshore areas where
seasonal upwelling occurs.

6.3 SPECIAL SURVEILLANCE WHEN NEW MOLLUSCAN SHELLFISH RESOURCES
ARE EXPLOITED

Before new molluscan shellfish resources are exploited, the
control service or other appropriate body should undertake
investigations to determine the sanitary quality of the shellfish-
producing areas. Surveys should be made to establish the
distribution of faecal bacteria in the area, taking into account
the topography, the location of known sources of pollution, and
the effect of tidal and other currents and rainfall on the
dispersal of sewage. A detailed bacteriological seawater and
shellfish sampling programme should be initiated, to indicate the
distribution of faecal pollution within the area and allow
approved fishing areas to be identified. Where an area is
polluted, relaying areas should, if possible, be identified and
approved and sites for purification plants considered. New
purification plants should be inspected, and investigations
carried out to determine whether the plant operates satisfactorily.

6.4  INTERPRETATION OF DATA FOR CONTROL PURPOSES

6.4.1 Microbiological contamination

Ideally, shellfish taken for human consumption should contain
no faecal organisms. However, faecal bacteria are widely distri-
buted and in North America and Europe there is extensive evidence
that shellfish containing small numbers of coliforms or E. coli,
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or derived from waters containing small numbers of these organisms,
are satisfactory for human consumption.l

Standards for seawater. In the USA, growing areas are
classified as approved, conditionally approved, restricted, or
prohibited. The coliform median MPN (most probable number) of
approved waters may not exceed 70 coliforms per 100 ml and not
more than 10% of the samples may ordinarily have an MPN of more
than 230 coliforms per 100 ml with a 5-tube decimal dilution test
or more than 300 per 100 ml with a 3-tube technique. In France,
water from shellfish-growing areas is classified in four
categories: class I, satisfactory (no E. coli); class II,
acceptable (1-60 E. coli per 100 ml); class III, suspicious
(60-120); and class IV, unfavourable (over 120). The values
indicated are not treated as rigid standards but are considered
in conjunction with the topography. Analysis of seawater is
undertaken to ensure that there is no deterioration in the
sanitary quality of water in an area known to produce shellfish
of acceptable quality. In Italy, legislation requires that
approved shellfish-growing waters should contain not more than 2
E. coli per 100 ml in 90% of the samples taken in one year; not
more than 10% of the samples taken in one year should contain
more than 6 E. coli per 100 ml.

Standards for raw shellfish, Information on bacteriological .
standards in current use in six countries is given in Annex 2.
The data shown relate only to routine investigations. Tests for
coliforms or E. coli are universally made, but some countries also
test for Salmonella and make total plate counts on a routine basis.

(a) E. coli and coliforms. Most countries employ E. coli
or faecal coliforms as the main indicator of faecal pollution,
although in the USA and several other countries not shown, coli-
forms are successfully used, France and Italy make distinctions
between the standards for molluscs in the growing region and at
the market level. Given that there are wide differences in the
methods of enumerating bacteria and that MPN techniques vary
considerably, the standards adopted generally show a reasonable
measure of agreement, Some authorities consider, however, that
coliforms are not specific enough as indicators, and that E, coli
are more representative of faecal pollution,

(b) Salmonellae, Tests for this group of bacteria are not
universally made on a routine basis, but where Salmonella infec-
tions are endemic, or during outbreaks of salmonellosis, routine

L For details of procedures and standards see Annex 2.
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tests become essential. Shellfish that will be subjected to
heat processing with good hygienic control need not be routinely
tested for salmonellae.

(c) Total plate count. The significance of the total
plate count is not universally accepted, although some countries
employ a total plate count standard. Molluscs taken from the
sea reflect the numbers of bacteria naturally growing in the
marine or estuarine environment, and experiments in some areas
have shown that the tissues of freshly caught molluscs taken from
non-polluted sea areas often yield total plate counts in excess of
106 per gram. Thus, control authorities should first establish
the range of total plate counts of shellfish from approved areas
before submitting such shellfish to an arbitrary total plate count
standard, Where molluscs are subjected to subsequent processing
or to unsatisfactory conditions of storage and transportation,
experience has shown that there will be a substantial increase in
the total plate count. Thus, the total plate count may be of
value in assessing the conditions of handling, storage, etc, It
must be emphasized, however, that before such standards can be
adopted, an extensive programme of sampling and bacteriological
examination is required to establish a locally applicable
standard,

(d) Other standards. There is clearly a limit to the
amount of routine bacteriological examination of shellfish for
purposes of control. Because of the great variations taking
place in the marine environment, and consequently in the bacterial
count of molluscs, it is generally more advantageous to examine a
large number of samples with a single test (e.g., E. coli
enumeration) than a small number of samples with a comprehensive
array of tests, Considerable effort has been devoted to the
value of other faecal bacteria as indicators of pollution (e.g.,
faecal streptococci and Cl, perfringens), but none has been found
to be as significant as E, coli, However, in certain circum-
stances, for instance, after a disease incident associated with
shellfish, the range of tests should be expanded to include
pathogens likely to be implicated. Among those that should be
determined on a qualitative basis are Salmonella typhi, other
Salmonella spp., V. parahaemolyticus, and V. cholerae. Because
of the technical difficulties of demonstrating wviruses in food-
stuffs, routine viral examinations are likely to be limited, for
the foreseeable future, to a few specialized laboratories in the
world,
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6.4,2 Contamination by biotoxins

Samples of molluscs for the purpose of surveillance of
paralytic shellfish poisoning should be collected at intervals
and examined by means of the laboratory technique described in
Annex 3. Shellfish containing more than 400 mouse units of
toxin per 100 g (equal to 80 pg of toxin per 100 g) are considered
unsafe for human consumption., When small quantities of toxin are
detected, the frequency of sampling needs to be increased.

7. ACTION TO BE TAKEN FOLLOWING SHELLFISH-BORNE
' DISEASE INCIDENTS

The possible ways in which shellfish may become unsuitable
for consumption are shown in Fig. 11. Although secondary
contamination of shellfish may occur at any level in the distri-
bution system, most shellfish that are bacteriologically
unsatisfactory are so because they have been taken from seawater
contaminated by sewage. Polluted shellfish may also reach the
consumer as a result of a breakdown in the purification or heat -
treatment processes, as indicated in the figure.
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7.1 INITIAL INVESTIGATIONS

In the event of a food poisoning incident, epidemiological
and bacteriological enquiries should be made immediately to
establish the cause of the food poisoning. The principles of
epidemiology are well known and it is not necessary to describe
in detail here how these enquiries should be made. However, the
immediate aim should be to establish whether:

(a) there is a common article of diet consumed by all those
affected;

(b) there are any pathogens (or other agents) present in
the common food article;

(c) the same pathogen has been isolated from patients; and

(4) the symptoms are consistent with the pathogens isolated
from food and from patients.,

Rarely can all these questions be answered directly, - for
often many who have consumed the suspected food are not affected
and remnants of the offending food are not always available,
However, by means of further enquiry and sampling it is often
possible to limit the cause of the outbreak to one or a few items
of diet. Where shellfish are suspected of being the cause, then
it is necessary to make specific enquiries about the origin and
method of handling the shellfish. - A matched-pair case-control
study can be useful in determining whether the suggested food or
foods caused the outbreak (see Annex 4).

7.2  IMMEDTIATE ACTION TO BE TAKEN WHEN FOOD POISONING FROM
SHELLFISH IS SUSPECTED

(a) Restrictions. Where an epidemiological investigation
suggests that polluted shellfish may be the cause of the incident,
immediate temporary restrictions should if possible be placed on
commercial fishing and on the taking of shellfish by the public
for human consumption, pending the results of more detailed
investigations (see (c) below).

(b) Control of shellfish movements. Enquiries should be
made to determine the pattern of movements of all shellfish from
the suspected area of production. As discussed in section 2.3,
an important part of the molluscan shellfish industry is the
movement of young (seed) shellfish from one area to another.
Investigations should be made to ensure that only seed shellfish




