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1. INTRODUCTION

The shellfish industry of the world is large,
about 71.28 million tonnes for 1979, and according to
all projections, the consumption of molluscs in the
future should increase considerably. With a rapidly
increasing world population and a growing demand for
protein food resources, the demand for food molluscs
is also increasing. As well as being a valuable food
resource, however, molluscs are also a source of
potential health problems; there is extensive
documentation on the spread of diseases following their
consumption. One of the more important and deadly of
these shellfish-borne diseases is paralytic shellfish
poisoning (PSP).

This guide has been produced in response to the
recommendations of a WHO meeting on paralytic shellfish
poisoning, which was held in Berlin (West),

5-8 December 1978.2  The meeting expressed the

opinion that recent national and international health
problems associated with shellfish consumption justified
intensifying the surveillance, prevention, and control of
paralytic shellfish poisoning. The aim of the guide is
to help prevent outbreaks of PSP, which appear to be on
the increase in both incidence and geographical spread.
This is in line with a resolution adopted by the
Thirty-first World Health Assembly (WHA31.48) on the
prevention and control of zoonoses and foodborne

diseases due to animal products, which inter alia
requested the Director-General to further the development
of national, regional, and global strategies and methods
of surveillance for the prevention and control of
foodborne diseases due to animal products,

£ The meeting was supported by a financial
contribution from the Federal Republic of Germany, which
also gave a grant towards the cost of publication of the
guide,
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2, DEFINITION OF PARALYTIC SHELLFISH POISONING

Paralytic shellfish poisoning is a type of
biological intoxication resulting from the ingestion of
marine molluses containing potent neurotoxins derived from
planktonic unicellular organisms known as dinoflagellates.
Since dinoflagellates possess the basic morphological and
nutritional characteristics of both plants and animals,
they are sometimes known as '"plant animals"; and their
toxins are referred to as algal toxins or phytotoxins.
Paralytic shellfish poisoning is caused by a well-defined
group of such toxins, the best known being saxitoxin.

This disease is sometimes called mussel poisoning, clam-
poisoning, or dinoflagellate poisoning, but paralytic
shellfish poisoning is the most generally accepted term.
Although most human cases of PSP have resulted from the
ingestion of bivalve molluscs, the disease has also been
associated with gastropod molluscs (spindle-shell
molluscs), chitons, starfish, ‘and crustaceans,

Shellfish that serve as vectors of PSP are mainly
filter-feeders and ingest large quantities of planktonic
organisms, including the toxic dinoflagellates. As a’
result of the continuous filtration of toxic plankton,
large quantities of paralytic shellfish poison are
concentrated in the digestive glands of mussels and
clams or, in the case of Saxidomus, the Alaska butter
clam, in the siphon. - Man becomes intoxicated from-
eating the shellfish. T

In recent years,-a variety of other dinoflagellate
poisons @ncluding tetrodotoxin) that are capable of
causing human intoxications has been found in marine
molluscs, but these toxins should not be confused with-
paralytic shellfish poison, Brief mention will be made
later of some of these other forms of dinoflagellate
~intoxications. ' ' :



3. SIGNIFICANCE OF PARALYTIC SHELLFISH POISONING

3.1 Health aspects

Paralytic shellfish poisoning is one of the more
common lethal forms of marine intoxication, In 1974
it was estimated that the worldwide incidence was about
1600 cases with possibly more than 300 deaths per year
(Prakash, 1975). Unfortunately, there are no accurate
global statistics available on the true incidence of
PSP, Sporadic outbreaks occur in North America, Europe,
and Japan, and less frequently elsewhere (see Fig. 1).
One of the largest outbreaks occurred in a previously
unsuspected region, namely the State of Sucre, Venezuela.
During 1977 there were three outbreaks there involving
173 people and 10 deaths, and another outbreak in 1979
involved 12 people with no deaths.

Although the overall number of people involved in
PSP is relatively small, the biological intoxication is
medically and economically significant. The avoidance
of PSP within an endemic area is accomplished only by
careful monitoring of toxin levels in the shellfish.
When lethal outbreaks do take place, they can adversely
affect the marketing of shellfish.

Poisoning may result in mild to severe symptoms,
which are sometimes followed by death. The morbidity
rate among those consuming toxic shellfish is usually
high, with a corresponding risk of mortality. The way
in which these events are reported in the news media
often causes strong emotional reaction in the community.
Since there is no known antidote against PSP, the only
effective control measure is the closure of the affected
source,



FIG. 1. WORLD DISTRIBUTION OF OUTBREAKS OF PARALYTIC SHELLFISH POISONING
(source: Loretta L. Hood)




3.2 Economic and environmental aspects

Economic losses resulting from the occurrence of
PSP are considerable for the following reasons:

(a) The closure of harvesting areas leads to severe
economic loss to fishermen, processors, and related
industries; there is no known way of rendering affected
shellfish safe for human consumption other than the
closure of affected sources over a period of weeks or
months, during which time the toxin is depleted naturally.
In some areas, certain species remain toxic for a whole
year and therefore cannot be harvested. The toxin is
stable and heat treatment, including canning, only
partially destroys it.- Freezing and other forms of
processing or preservation are ineffective in removing
or destroying the toxin.

(b) The occurrence of PSP following the consumption
of shellfish from one area often leads to the depression
of consumer demand for fish and shellfish in other areas.
This is due to the sudden onset of outbreaks of PSP and
their wide reporting by news media. As an example, in
one area of North America the economic loss to the fish
and shellfish industries, including secondary effects
following a local outbreak, was more than US$ 1 million
(Jensen, 1975).

(c) The severity of the effects of PSP on man and
the difficulty of predicting its occurrence have led to
the introduction by many countries of extensive
surveillance and enforcement activities, involving
highly qualified personnel in the field, in the laboratory,
and in a range of public health functions. The
surveillance is maintained for the whole of the period
when PSP is likely to occur and may last for six months
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of each year. In areas where shellfish are toxic

for the whole of the year, permanent surveillance and
enforcement activities are required to ensure that
professional and recreational fishermen do-not harvest
the shellfish. It is estimated that the cost of such
activities in North America is of the order of

US$ 1.2 million per annum,

(d) The occurrence of PSP has severe repercussions
on tourism in regions where living in the open air and
collecting and eating fish, molluscs, and crustaceans
are important tourist activities,

(e) There is evidence that international trade
in molluscan shellfish is hampered by the fear that
toxic shellfish may be exported to other countries.
This factor is likely to become more important as
consumption of shellfish is generally increasing and
new molluscan -resources are being exploited in
developing countries. At present, molluscs are the
main seafood whose production can be substantially
increased by the use of existing cultivation techniques.

In addition to these economic aspects, there are
undesirable environmental consequences, including the
transfer of dinoflagellate toxins through the food
chain with the resultant death of fish and seabirds.
Although this mortality has no significant direct or
indirect effects on man or commerce, it is highly
undesirable, Furthermore, such incidents are
sometimes attributed to the indirect effects of
industrial pollution and may thus lead to unjustified
calls for increased control on the discharge of wastes
into the sea. :
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3.3 Ecological aspects

3.3.1 Plankton (dinoflagellates). The dominant
species of dinoflagellate associated with PSP are
members of the genera Gonyaulax (species: catenella,
acatenella, tamarensis-excavata complex), Pyrodinium
(species: phoneus, bahamense), and Prorocentrum spp.
(see Plate 1).2 These species bloom sporadically

in large numbers throughout certain areas of the world,
most frequently the north and south temperate zones.

G. catenella is the predominant toxigenic
dinoflagellate along the north Pacific coast of North
America from Central California northward along the
coasts of Oregon, Washington, British Columbia, Alaska,
and westward along the Aleutian Islands to the coasts
of Japan, and in the southern hemisphere along the
coast of Venezuela. Both Gonyaulax catenella and

G. tamarensis-excavata are present in Japan;

catenella is predominant in the south and tamarensis

in the north. G. tamarensis (excavata) is the

2 Taylor (1979) has proposed that Gonyaulax
catenella, G. tamarensis-excavata complex, and
Pyrodinium phoneus be transferred to the genus
Protogonyaulax. Pyrodinium bahamense has been divided
into P. bahamense var. bahamense and P. bahamense var.
compressa. Only compressa has been found to be toxic
(Harada et al., 1982). Gymnodinium breve has recently
been transferred to Ptychodiscus breve. Prorocentrum
contains several toxic species, but their toxins do not
appear to have any relationship to PSP. However, the
taxonomic nomenclature used in this guide follows that
which appears in the preponderance of the scientific
literature dealing with PSP.
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predominant poisonous dinoflagellate along the north-east
coast of North America (Massachusetts, New Hampshire,
and Maine in the USA; Nova Scotia, New Brunswick, and
Quebec in Canada), and along the coasts of countries
bordering the North Sea (Denmark, Federal Republic of
Germany, Netherlands, Norway, United Kingdom).
Pyrodinimum phoneus. has been incriminated in the
Netherlands and P. bahamense var. compressa has been
involved in intoxications with vertebrate fish and
shellfish in Brunei. PSP outbreaks have been reported
in Palau (Western Pacific) Papua New Guinea, Spain and
Venezuela, The Palau and Papua New Guinea outbreaks.
were caused by P. bahamense var. compressa (Yasumoto,
personal communication, 1982). : :

A large number of species of dinoflagellates have
been found to be toxic by laboratory or field tests.
The following species have been incriminated in outbreaks
involving marine organisms, but have not been incriminated
in human intoxications: Amphidinium carterae (carteri),
A. rhynchocephalum, Cochlodinium heterolobatum,
Dinophysis sp., Glenodinium foliaceum, Gonyaulax
fratercula, G, grindleyi, G. mikimotoi, G. monilata,
G. polyedra, G. polygramma, G. spirale, G. splendens,
G. veneficum, Gyrodinium aureolum, G. obtusum,
Noctiluca scintillans, Ostreopsis klebsii, O. ovata,
0. siamensis, Oxyrrhis marina, Prorocentrum (Exuviaella)
balticum, P. concavum, P. lima, P. minimum, '
Protogonyaulax spp., Protoperidinium (Peridinium)
depressum, and Protoperidinium steinii.
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The dinoflagellate Gambierdiscus toxicus has
been incriminated in ciguatera. fish poisoning2
(Bagnis et al., 1979; Yasumoto et al., 1979, 1980).

Lassus (1980) also lists the following
phytoflagellates, a group of euglena-like protozoans of
uncertain phylogenetic position, as toxic: Chattonella
subsalsa (Hornellia marina), Eutreptiella sp.,
Phaeocystis pouchettii, Prymnesium parvum,
Pseudopedinella pyriformis, Pyramimonas disomata.

These organisms should be considered as potential
causes of human biotoxications, but not necessarily of
PSP.

The dinoflagellate Gymnodinium breve, which has
been the cause of numerous red tides and mass mortalities
of fishes in Florida, has also been involved in human
intoxications resulting from the ingestion of shellfish,
but does not contain paralytic shellfish poison.

Although the symptomatology included neurological
disturbances, ji.e., paraesthesias, the clinical findings
were not characteristic of PSP and the intoxicatiomns
were referred to as '"meurotoxic shellfish poisoning"
(Hughes, 1979).

2 Ciguatera is a type of ichthyosarcotoxism
caused by the ingestion of warm-water insular marine
fishes, Ciguatoxin is a complex poison consisting
of both fat- and water-soluble fractions. One of the
fat-soluble fractions has been assigned the empirical
formula of (C35Hg5NOg)y with an estimated relative
molecular mass of 1500-1800. The incubation period
in humans is within 48 hours. The primary symptoms
consist of gastrointestinal disturbances, followed by
neurological manifestations consisting of paraesthesias
of the lips, tongue, throat, and extremities; reversal of
hot and cold sensation; and motor weakness (Halstead,
1965).
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Prorocentrum micans and P. redfieldi were found
to be dominant in culture areas, from which mussels had
caused gastrointestinal disturbances (Kat, 1979).
However, the causative agent is believed to have been
Dinophysis acuminata. A similar type of diarrhoeal
shellfish poisoning has been reported in Japan caused
by D. fortii (Yasumoto et al., 1978; Yasumoto et al.,
1980). Paralytic symptoms were never observed.

P. minimum var. mariae=lebouriae was involved in an
outbreak in which 114 out of 324 victims died after
eating short-necked clams (Venerupis semidecussata) at
Lake Hamana, Shizuoka Prefecture, Japan. Paralytic
symptoms were not observed. This has been referred to
as venerupin or asari poisoning.

Historically, PSP has been associated with the
blooming of dinoflagellates, which may cause a
yellowish or reddish discoloration of the water,
However, water discoloration may be due to proliferation
by many types of planktonic species and does not always
result in an outbreak of PSP, ‘

Recent investigations suggest that the presence of
toxic dinoflagellates in the sediments of resting cysts
appears to be a significant factor in extending the
period of toxicity and the area affected (Dale et al.,
1978). Toxic cysts sink to the bottom of the water
column and accumulate in the flocculent layer at the
sedimenq/water interface, where they may overwinter;
transport of cysts may be a significant factor in the -
spread of PSP. There -is some- evidence that cysts can
render shellfish toxic, casting doubts on the value of
counting only motile cells during research and
surveillance activities.
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The accurate identification of toxic dinoflagellate
species is difficult and requires skilled personnel, but
for the purposes of routine public health activities,’
final species determination is not essential during the
initial stages of control.

3.3.2 Shellfish, The principal groups of shellfish
that have been recorded in PSP outbreaks include species
of the following bivalve molluscs: mussels (Mytilus,
Modiolus), clams (Saxidomus, Protothaca, Spisula, Mya,
Arctica, Humilaria, Mercenaria, Mesodesma, Tresus,
Ensis), and, to a lesser extent, oysters (Crassostrea,
Ostrea), scallops (Placopecten, Pecten, Spondylus,
Hinnites), and cockles (Cardium, Clinocardium) in
temperate zones (see Plate 2). The bivalves Spondylus
butleri and Lophus cristagalli were found to contain
paralytic shellfish poison in Palau (Kamiya & Hashimoto,
1978) as were tridacna clams (Tridacna maxima) in Okinawa
(Kanno et al., 1976). The precise chemical nature of
the tridacna poison has not been fully determined.
Fatalities from PSP in Magallenes, Chile, involved the
mussels Aulacomya ater and Mytilus chilensis (Avaria,
1979), and in Venezuela Perna perna were involved
(Reyes-Vasquez et al., 1979). Molluscs become toxic by
direct uptake of toxin from planktonic dinoflagellates,

Gastropods have also been involved in PSP outbreaks
and/or have been found to contain dinoflagellate toxins,
The following gastropods have been incriminated:
Atlantic dog winkle (Thais lapillus) and moonsnail
(Lunatia heros) along the New England coast (Tufts,
1979): green turban shell (Turbo marmoratus,

T, argyrostoma) and top shells (Tectus pyramis,

T. nilotica maximus) in Okinawa and Palau (Kanno et al.,
1976; Yasumoto & Kotaki, 1977; Kotaki et al., 1981);
spider conch (Lambis lambis) in Okinawa (Yasumoto et al.,
1981); rough whelks (Buccinum undatum), the ten-banded
whelk (Neptunea decemcostata), and the spindle shell
(Colus stimpsoni) of eastern Canada (Medcof, 1972).
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Many of these gastropods acquire their toxin as a result
of predation on toxic bivalve molluscs. '

Most mussels and clams that are used commercially as
seafood accumulate the toxin in the-hepatopancreas (the -
so-called digestive or dark gland). They become
poisonous when they consume the toxic dinoflagellates and
remain so for a considerable period afterwards. Studies
have shown that mussels (Mytilus californianus) may
become toxic even when the dinoflagellate cell counts are
as low as 200-400 cells per ml of sea water, a level that
does not discolour the water. In Japan, shellfish have
been found to be toxic when the dinoflagellate count was
as low as 20 cells per litre of sea water (Yasumoto,:
personal communication, 1982). Studies in England have
shown that when mussels (M. edulis) are held in
dinoflagellate-free salt water at about 15-20°C, the
toxicity of the shellfish drops by ome half in about

12 days. The detoxification rate appears to be affected
by water temperature, and physiological and hydrographic
factors that are not fully understood at present, - It

should be noted that the butter clam (Saxidomus)
concentrates the poison in the siphon from which it is
very slowly eliminated. It has been suggested that the
long-term presence of paralytic shellfish poison in the
Alaska butter clam may be due to a symbiotic relationship
between the toxic dinoflagellate and the body of the clam
(Shimizu, 1979). The parts of the shellfish body that
are likely to contain paralytlc shellfish poison are
illustrated in Plate 3 :

It may require a year or more for affected shellfish
to become safe-for human consumption. In the case of
scallops, the adductor muscle, the only part usually
eaten in North America, does not become toxic although
other tissues may contain high concentrations of toxin.
Consequently, a large industry is based upon the
utilization of adductor muscles, even durlng periods when
shellfish contain toxin. : -



