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Poisoning can result from the ingestion of shellfish con-
taminated with phycotoxins. Various types of poisoning
may occur, each of which is caused by a toxin (or group of
toxins) from a particular alga. Classically, the mouse bioassay
has been used to detect shellfish toxins, but there is pressure,
both ethical and regulatory, to move away from this. A
number of techniques have been developed to replace the
bioassay, including immunoassay, chromatography, pharma-
cological assay and tissue-culture tests. All have advantages
and limitations. These methods and their potential are
reviewed. © 2001 Published by Elsevier Science Ltd. All
rights reserved.

Shellfish are a delicious and nutritional food. They can,
however, accumulate toxins which cause food poisoning.
One health risk posed by the consumption of shellfish is
due to the accumulation of algal biotoxins. Sporadic
algal blooms in areas where shellfish are traditionally
gathered or commercially farmed bring a requirement
for monitoring of shellfish to ensure consumer safety.

The classical means of monitoring toxicity is the
mouse bioassay, in which an extract of the shellfish is
injected into mice. If the mice die, the shellfish are toxic
[1,2]. Modern analytical techniques, such as HPLC, LC-
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MS, immunoassay, cellular bioassays and molecular
probes, have an increasing role to play in both the
monitoring process and in the identification of the
environmental conditions and organisms responsible for
toxin production. These new methods are not only
humane, but more rapid and specific than the mouse
assay. I will discuss the advances that these techniques
have permitted toward our understanding of toxic
bloom incidents, and present the further development of
methodologies for the monitoring of shellfish toxins.

‘Shellfish toxins’ (more accurately known as phyco-
toxins) are produced by free-living micro-algae, upon
which the shellfish feed. Shellfish concentrate the toxins
and act as a vector transferring these toxic compounds
further up the food chain as the shellfish are ingested by
carnivores, including fish and crabs, which in-turn
transfer the toxin to organisms predating on them.
During an algal bloom, the concentration of toxin can
rapidly increase within healthy shellfish to a level that is
harmful to people. Sensitive analytical techniques that
provide low (parts per billion) detection limits are
required to ensure the safety of the product. These
techniques must be able to deal with complicated sample
matrices, and must be able to detect all toxins within a
given toxin group, and differentiate these from related
non-toxic compounds and from toxins of a different
toxin group.

‘Shellfish toxins’ are non-proteinacious compounds of
low molecular weight (Mr 250-3500 daltons). They have
vastly differing chemical structures (Fig. 1), solubilities,
and modes of action, and hence produce quite different
effects when consumed. The toxins may be polar or
lipophilic and may or may not be thermally labile; some
are sensitive to pH, oxygen and light while others are
highly stable.

There are approximately 20 species of dinoflagellates,
and a smaller number of diatoms, that are currently
known to produce phycotoxins (less than 2% of all algal
species). Filter-feeding shellfish concentrate the toxins in
their flesh, often with little or no ill-effects; toxins are
passed into the food chain when these shellfish are
gathered for eating, and poisoning occurs when a sufficient
quantity of the contaminated shellfish is consumed. Five
major classes of shellfish poisoning have been identified:

e Neurotoxic Shellfish Poisoning (NSP);
e Diarrhetic Shellfish Poisoning (DSP);
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e Paralytic Shellfish Poisoning (PSP);
e Amnesic Shellfish Poisoning (ASP);
e Ciguaterra Fish Poisoning (CFP).

These occur world-wide, and are distinguished by the
symptoms and the solubility of the toxins causing the
poisoning.

NSP

The condition known as Neurotoxic Shellfish Poisoning
(NSP) manifests with incoordination, paralysis and con-
vulsions, and is caused by the lipid soluble brevetoxins (10
currently identified) [3]. These polyether toxins are pro-
duced by the organism Gymnodinium breve, and have
been shown to be chemically modified by shellfish [4].
Seaspray contaminated with the organism irritates the
eyes and nasal passages, leading to coughing and
asthma-like symptoms [5]. G. breve blooms occur almost

HO

annually in the Gulf of Florida, where they are responsible
for widespread fish kills, and have caused the death of
manatees [6]. No human deaths have been recorded
from NSP, although the condition is severely debilitating
[7]. Regulatory authorities have set the maximum per-
mitted level (MPL) of toxin as 80 pg brevetoxin/100 g flesh,
equivalent to 20 standard mouse units (MU)/100 g flesh.

DSP

Diarrhetic Shellfish Poisoning (DSP) is caused by
okadaic acid and analogues, including the dinophysis
toxins DTX-1, 2, and 3, which are also lipid soluble.
The major symptom is diarrhoea, and the illness is self-
limiting. Unlike bacterial diarrhoea, symptoms usually
begin within 30 min to a few hours after eating con-
taminated shellfish. Okadaic acid and the DTX-toxins
have been shown to cause injury to the intestinal
mucosa, and are implicated in tumor promotion [§].

OH

Fig. 1. Chemical structures of some of the phycotoxins (shellfish toxins). Clockwise from top left: azaspiracid, domoic acid (ASP), brevetoxin-2
(NSP), saxitoxin (PSP), okadaic acid (DSP), gymnodimine.



I. Garthwaite / Trends in Food Science & Technology 11 (2000) 235-244 237

Regulations for this group limit the toxin content to
below 16-20 pg ‘okadaic acid equivalents’ per 100 g
flesh, and also include the structurally unrelated pecte-
notoxins and yessotoxins, the toxicities of which are
currently under investigation [9].

PSP

The saxitoxins, a group of more than 20 water-soluble
compounds of widely varying toxicity, are responsible
for Paralytic Shellfish Poisoning (PSP), a serious, life
threatening syndrome. At the onset, symptoms are neuro-
logical and include numbness, tingling and burning of
the lips and skin, giddiness, ataxia and fever. Severe
poisoning may lead to general muscular incoordination,
respiratory distress and death from respiratory failure [10].
No antidote is available, and treatment is symptomatic. It is
therefore important to prevent intoxication by monitoring
shellfish for the presence of these toxins. Regulations
restrict sale or harvest of shellfish containing PSP levels
above 80 pg ‘saxitoxin equivalents’/100 g shellfish flesh.

ASP

Amnesic Shellfish Poisoning (ASP) is caused by
another water-soluble toxin, domoic acid. Symptoms
include loss of balance, nausea, headache, disorientation,
and vomiting. The condition results in the permanent
loss of short-term memory. Action limits for this toxin
were established following an outbreak of poisoning in
Canada, when more than 150 people became ill after
eating shellfish. Four people died and toxin levels over
900 ppm were detected in shellfish [11,12]. An MPL of
20 ppm domoic acid in whole shellfish has been adopted
by many countries. ASP affects the whole marine food
chain, and has been recently shown to cause deaths in
Californian sealions which had eaten anchovies which
had fed upon the diatom Pseudo-nitzschia pungens [13].

CFP

Ciguaterra poisoning (CFP), due to a phycotoxin
produced by the benthic alga Gambierdiscus toxicus, is
generally contracted from eating subtropical and tropical
fin-fish, clams and marine snails may also be con-
taminated with the toxin. The lipophilic ciguatoxins
(CTX) are highly potent, and produce symptoms similar
to the NSP toxins, although CFP cases are typically
more severe and include vomiting and diarrhoea. The
condition can be fatal. CFP is the most frequently
reported phycotoxin problem, with an estimated 10—
50,000 cases per year. The high toxicity (0.25 ng/Kg I.P.
in mice), and therefore extremely low detection limit
required to ensure consumer safety (MPL 3.5 pg/100 g
fish flesh, poses a challenge to the analyst [14,15].

More recently, other algal toxins, including azaspiracid,
and the ‘fast acting toxins’ (gymnodimine, the spirolides,
and pinnatoxins), have been added to the list. Azaspiracid
causes symptoms reminiscent of DSP in humans,

although in animals the effects are distinctly different
from DSP [16]; and there is additional concern that
azaspiracid is a potent hepatotoxin also. The fast acting
toxins are so called because these bioactives cause rapid
death in mice when injected intraperitoneally (i.p.) con-
founding the mouse bioassay. This is preceded by neu-
rological symptoms including convulsions. There are no
known cases of human intoxication by gymnodimine.
Recent studies on the spirolides and pinnatoxins, which
affect specific receptors in mammalian systems, may war-
rant concern for human consumers of shellfish [17-19].

Many countries have established shellfish screening
programs, and regulatory maximum permitted levels
(MPL) for human exposure have been set worldwide
[20-23]. The toxicity of the phycotoxins is summarised
in Table 1, for more details see [23-28].

It is beyond the scope of this review to document the
distribution, regulation, and economic cost of phyco-
toxin incidents, however, at the time of writing, there is
a widespread problem with ASP toxicity in Northern
Europe, and PSP incidents in New Zealand and Scotland.
Algal blooms cost millions of dollars per year in closures
of harvestable shellfish, lost production and monitoring
costs. Other major incidents of note are the 26 deaths from
PSP in Guatemala [10], and PSP incidents in the USA [29].

The mouse bioassay procedures [1,2,12] for toxin
detection date back to incidents of PSP and NSP toxicity
in the 1940s in the USA; the extraction procedures have
been modified over the intervening years (e.g. [30]),
although the basic procedure has changed little. Water-
soluble PSP and ASP toxins are simply extracted in
boiling acid and the extract injected intraperitoneally
into mice. However, the extraction procedures for lipid-
soluble NSP and DSP toxins are more complex, and
unsuited to large-scale screening. Acetone extracts are
prepared, the acetone is removed, and the extract parti-
tioned against dichloromethane. The dichloromethane
layer is evaporated to produce a ‘lipid extract’, which is
further processed for injection. The mouse bioassay
does not distinguish between NSP and DSP toxins, so
positive samples must be re-extracted and tested by an
alternate method, e.g. DSP ELISA.

Over the past decade, improved technologies and ani-
mal ethics concerns have led to calls to replace the mouse
assay. Indeed, this assay has been banned in a number of
countries, including Germany, and is scheduled for
removal from other European Union countries.

Methods for the analysis of shellfish toxins fall into
six main categories: 1. Chromatographic analysis 2.
Immunological analysis 3. Receptor binding assays 4.
Cytotoxicity/Cell culture assays 5. Algal monitoring 6.
Invertebrate bioasay

Each method has its merits and drawbacks, and ulti-
mately it will be the responsibility of regulators and
analysts to decide upon the most appropriate technol-
ogy for their particular situation.
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Chromatographic analysis

The first alternative methodologies to be developed
were chromatographic procedures. Each class of toxin
requires an individually tailored procedure, and the lack
of chromophores on the majority of toxins means that a
derivatisation reaction is required for toxin detection.
Chromatographic procedures with UV or fluorescence
detection are now available for the majority of shellfish
toxins (Table 2). The increased availability of analytical
standards has played a key role in the recent develop-
ment of these methods although there is still a great
need for reference standards.

The very recent application of HPLC-MS analysis to
shellfish toxins has led to rapid advances in our under-
standing of the toxins, their production, accumulation,
depuration, and chemistry. LC-MS relies upon an
interface technology to deliver a small fraction of the
HPLC flow into the mass spectrometer. Two interface
technologies are available, ion-spray/electrospray (ESI)

and atmospheric pressure chemical ionisation (APCI).
Both have been applied to the analysis of shellfish toxins.
The combination of LC to a double (or higher) quad-
ropole MS is invaluable for the legal confirmation of the
presence of toxin and its quantitation; unfortunately,
the technology carries a very high price tag. LC-MS is
able to resolve the majority of shellfish toxins, with the
PSP group being the major exception.

LC-MS is reviewed by Quilliam [31], who is also
developing procedures for the multiple determination of
toxins in shellfish, a procedure that may permit the use
of LC-MS as a first action screen [32].

Immunological analysis

Antibodies were first developed against the PSP toxins
in 1964 [33], although it is only in recent years that
immunoassays have been developed which show promise
for the routine detection and quantification of shellfish
toxins. The most common procedure is the enzyme

Table 1. Toxin properties: areas of common occurrence, toxicity, and regulatory action levels

Toxin Most common geographical areas

MPL MPL
(ug/100 g flesh) (mouse units)

LDs,
(i.p. mouse pgrkg)

ASP (domoic acid)
PSP (saxitoxins)
NSP (brevetoxins)
DSP (okadaic acid)
CTX (ciguatoxin)

Canada, Northern USA, North Sea

Florida, Mexico, New Zealand
Japan, Europe
Tropical areas—reef fish

North East USA, Asia, South America, Europe

120 2000 Sensitivity very low
10 80% 400

200 80° 20

200 16 or 20 5

0.25-0.9 3.5 (fish flesh) Sensitivity too low

2 As ‘saxitoxin equivalents’.

b MPL assuming 1 MU =4 pg PbTx-2 (pers. commun Professor T. Yasumoto).
€ MPL (Europe) (pers. commun. M.L. Fernandez, EU Reference Laboratory, Vigo, Spain).

Table 2. Chromatographic detection procedures for shellfish toxins

C-CTX-2 0.2 ng/g®

Toxin class  Detection method  Derivatization Detection limit in shellfish®  Reference and comments
ASP UV 242 nm None 400 ng/g (79,801
SAX cleanup 20-30 ng/g
Fluorescence FMOC (15 pg/ml) [81]
LC-MS 10 ng/g [31]
PSP Fluorescence Pre-column oxidation (1-2 pg/injection) [82] SPE cleanup- correlated with mouse
at 40 pg/100g
Fluorescence Post-column oxidation  (5-30 pg/injection) [83] Limit in flesh not given
CE-MS (ESI) (30 pg/injection) [84] C-toxin fragmentation is problematic
DSP UV 205 nm None (10 pg/ml) [85] Extensive sample clean-up required
Fluorescence ADAM 10-20 ng/g° [85,86] Matrix problems
100 ng/g®
LC-MS (APCI) 8 ng/g [32,87]
NSP UV 215 nm None (500 ng/injection) [7], Baden (pers. commun.)
LC-MS (ESI) (10 pg/injection) [88]
CTX Fluorescence Insufficient for clinical relevance
LC-MS P-CTX-1 0.04 ng/g" [89] Clinically relevant

unknown.

d Fish flesh.

b Hepatopancreas only.
¢ Whole shellfish.

? Detection limit of instrumental method is given (pg/injection) where limit in shellfish following extraction is not given by author and
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linked immunosorbent assay (ELISA). ELISAs are
relatively cheap and quick, and are therefore suited to
handling large numbers of samples. They do not require
sophisticated and expensive facilities, and can be auto-
mated [34]. They also have the potential to be further
developed for accurate quantitation of toxin concentration.

Immunoassays are developed using antibodies which
recognise specific toxin structures. The choice of anti-
body is crucial for determining the usefulness of the
assay—too specific and the assay will fail to recognise
all members of a toxin family and underestimate the
total toxin content (false negatives), not specific enough
and it may detect non-toxic analogues and lead to the
reporting of false positives. This is now well-recognised by
the developers of immunoassays. The situation is high-
lighted in the case of the PSP toxins, where saxitoxin
antibodies have poor cross-reactivity with neo-saxitoxin
and vice versa.

ELISAs or commercial ELISA test kits are available
for all four toxin families.

Antibodies for the detection of PSP toxins have been
raised by a number of groups. Chu et al. demonstrated
the utility of combining the results of saxitoxin and neo-
saxitoxin ELISA to cover the PSP toxin family, finding
a very high correlation between the summed results and
the mouse bioassay [35]. The state of the art of PSP
immunoassay has been recently reviewed [36]. There is a
commercial test kit available (Ridascreen, R-Biopharm,
Darmstadt, Germany).

For ASP toxins, several groups have developed
immunological assays for domoic acid [37-39]. Smith
and Kitts assayed shellfish flesh and their ELISA results
correlated well with results obtained by HPLC, but were
approximately 9% higher, perhaps because the ELISA
recognized the presence of DA isomers not determined
by HPLC [40]. Unfortunately, their assay relied upon
the limited resource of a serum from a single mouse, and
will have limited use in shellfish testing. More recently,
we have employed novel hapten chemistries to develop a
highly sensitive antibody specific for domoic acid, and
used this to develop an ELISA [41]. The ELISA can
detect toxin levels more than 500 times below the MPL.
Furthermore, the ELISA is highly specific, and analo-
gous compounds that are sometimes found in algae,
such as kainic acid, do not interfere with the assay. The
assay is robust, and has been used successfully on a
number of shellfish species and also on sea water samples
and algal cultures; we have been able to identify and
classify Pseudo-nitzschia species as toxigenic or non-
toxigenic [42].

Brevetoxin-specific antibodies were first developed in
the early 1990s [43—45]. These were used for the devel-
opment of RIAs, and a cell based ELISA [46]. Using
antibodies provided by Dr Poli, we have developed an
ELISA system for NSP toxins, and compared the results
with those obtained in the neuroblastoma assay and the

mouse bioassay [47]. This assay was not cost effective,
as it required a costly amplification step. We have sub-
sequently developed another ELISA using our own
antibodies.

This assay has a limit of quantitation for brevetoxin-3
of 0.53 ng /ml. The assay is now being developed for use
with shellfish extracts, and looks very promising. The
assay has already been applied to the direct analysis of
seawater and has great potential as a tool for studying
bloom dynamics and for identification of toxic dino-
flagellates [48].

Poli and co-workers have used RIA and the receptor
binding assay to study extracts of shellfish and urine
from patients diagnosed with NSP [7]. Affinity-purification
of the shellfish extracts using specific anti-brevetoxin
antibodies yielded four major peaks of activity. One
peak was identified by HPLC-MS as brevetoxin-3,
while the other peaks contained compounds of higher
mass, possibly conjugated metabolites. The latter sub-
stances were recognised by both RIA and the receptor
binding assay, although they quantified differently. This
finding suggests that these compounds react differently in
the two assays, a result that may have important impli-
cations for seafood safety and regulation. The authors
suggest that these metabolites are the true cause of NSP,
and should be taken into account during regulatory
testing. It should be noted that some assays, such as
LC-MS, would miss these compounds.

Commercial test kits for DSP detection are available
from the following suppliers: (i) SCETI Laboratories
LTD, 2-2-8 Minami-Aoyama, Minato-ku, Tokyo, Japan,
(i) Rougier Biotech, Montreal, Canada, (iii)) Iatron
Laboratories, Chiyoda-ku, Tokyo, Japan. These test
kits have been successfully used for the detection of
okadaic acid and DTX toxins in shellfish hepatopan-
creas [49-52]. They have limited sensitivity when applied
to whole shellfish, and have only limited cross-reactivity
with some of the DTX toxins, notably DTX-2 and DTX-
3. Quantitation of DTX-2 requires a specific assay, while
DTX-3 may be measured after conversion to DTX-1
[53], which is detected with good sensitivity. An antibody
that detects the DTX-toxins equally would be ideal.

Antibodies against yessotoxin have been raised [54],
and both ELISA and affinity matrices are currently
being developed. The ELISA is able to detect yessotoxin
in shellfish with a sensitivity below 2.5 ug/100 g. These
antibodies are being used in the isolation and identifi-
cation of a number of new yessotoxin analogues from
both algae and shellfish. Antibodies against the pectino-
toxins are required to fully cover the toxins of the
extended DSP group.

Antibodies against the ciguatoxins were first devel-
oped by Hokama, and used to develop an RIA [55].
This assay has provided a cost-effective method for the
detection of CFP. The assay has been re-formatted into
a ‘stick test’, in which toxin is captured onto a ‘liquid
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paper’ coated bamboo skewer, which is poked into the
suspect tissue, and the toxin disclosed using specific
labelled antibody [56]. This method is currently being
evaluated by the AOAC. Pauillac et al. have also
recently developed antibodies against ciguatoxin for
ELISA development, by using a four-ring fragment of
the toxin as immunogen [57].

To further increase the utility of the ELISA technique,
and reduce the costs of regulatory testing, our laboratory
has been developing a simple screening system. We have
developed ELISAs for ASP, NSP, and DSP toxins
including yessotoxin, and have combined these, along
with a commercially available PSP ELISA, into a screening
battery [58]. By employing a simple extraction protocol,
we are able to detect each toxin group with a sensitivity
below the MPL. The ease of performing ELISAs allows
for the ready expansion of the system to screen for other
toxins and bioactive compounds if these come under
regulatory requirements in the future. We are now
working on the validation of this screen.

Other immunological procedures have been established
for the qualitative detection of shellfish toxins using
dipstick, flow through and immuno-chromatographic
techniques [15,56,59]. These are potentially extremely
useful tools for shellfish producers as they are simple to
use, require no laboratory equipment, and may be
applied in the field. Antibodies developed for use in
ELISA can also be incorporated into biosensor chips
[60,61]. An immunosensor for DSP detection has been
developed [62]. These immuno-biosensors have an
advantage over the simpler ’kit-set’ techniques, in that
they are semi-quantitative. This would give better
management information on whether toxin levels are
low, close to, or above the MPL, for example. Producers
could use them to determine whether toxin levels are
rising or falling.

Receptor binding assays

Many of the toxins exert their biological activity at
the cellular level, through the binding of receptors. The
ASP toxins disrupt binding of glutamate to the AMDA
glutamine receptors of the brain; DSP toxins bind to
type 2a serine/threonine protein phosphatase enzymes,
and the NSP and PSP toxins bind to receptors within
the cellular sodium channel. Radio-ligand displacement
assays have been established using isolated receptors for
ASP [63], PSP [64] and NSP [65] toxins. Enzyme inhibition
assays have been developed for the DSP toxins using
chromogenic [66] and fluorescent [67] endpoint deter-
mination.

These assays have been used to good effect in the
analysis of algal extracts and, in some cases, of shellfish
flesh. With the development of suitable extraction
methods, they have high potential for use in the screening
of shellfish. The major drawback of radio-ligand displace-
ment assays is the limited availability of radiolabelled

standards and the often high regulatory (and personal)
barriers to the use of radio-isotopes. For the PSP toxins,
the adoption of the chemical weapons convention (saxi-
toxin is classed as a Schedule 1 chemical warfare agent)
has had a major impact, severely restricting the movement
of saxitoxin between countries and thus the availability of
3H-saxitoxin.

Cytotoxicity/cell culture assays

Neuroblastoma cells, which contain many sodium
channels within the cell wall, have been used to develop
assays for PSP, CTX, and NSP toxins. Ouabain, a
compound that inhibits the intracellular Na* /K" pump
(therefore blocking sodium release from the cell), and
veratridine, which slightly opens the Na™® channel, are
added to a monolayer of cells. NSP and CTX toxins,
which further open the channel, increase sodium influx,
leading to cellular swelling and cell death during the 6—
24 hour incubation. The higher the toxin concentration,
the greater the mortality. The PSP toxins, however,
block the Na* channel, reversing the effect of the vera-
tridine, and the presence of these toxins is indicated by
an increase in cell survival. Cell death has been mon-
itored visually [68], by dye exclusion [69,70], and by the
MTT technique, which detects live cells by measuring
the metabolic cleavage of MTT [47,71]. This assay can
be rapidly evaluated using a 96-well plate reader.

Other cell-based assays include a tissue biosensor for
PSP, consisting of a Na™ electrode covered with a frog
bladder membrane containing sodium channels, inte-
grated within a flow cell. [72], and a classical cytotoxicity
assay for the DSP toxins, employing kidney cell mono-
layers [73,74].

These tissue culture-based procedures, while useful
for research, are difficult to maintain in an analytical
laboratory, and require specialised technical staff and
facilities. To overcome these limitations, Jellet et al.
have attempted to produce and distribute a commercially
available assay (the MIST assay for PSP detection),
based upon this principle [75]. Whilst this has largely
been successful, it does rely on tight controls of trans-
portation and temperature and a major effort has been
made to develop packaging that will permit distribution
world-wide. This method 1is currently undergoing
AOAC evaluation. It remains to be seen if the logistics
of delivery can be maintained to exacting requirements
at a sufficiently low cost.

Algal monitoring

The monitoring of the coastline around shellfish beds
by microscopic evaluation of water samples for toxi-
genic algae has been successfully used in a number of
countries as a first step/early warning system. Trigger
levels are used to signal closure of the shellfish beds and
initiate the testing of shellfish for toxin. This procedure
relies upon a good understanding of the toxigenic species
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present in the environment, and upon the availability of
highly trained taxonomists. Molecular probes, both
immunological-based e.g. [76], and nucleic acid-based
e.g. [42,77], have been developed to simplify screening in
this manner. These procedures rely on a good correlation
between the presence and number of a particular species
and the presence of toxin in the flesh. This is often not
the case, so cell counts tend to over-estimate the risk,
which, while acceptable to the consumer, is costly to
producers.

Invertebrate bioassays

Invertebrate bioassays using, for example, Daphnia
magna [78] are cheap and qualitative. These assays lack
sensitivity. When cost is a major issue, however, their
use can save lives by at least detecting the high toxin
levels that could lead to deaths.

The future?

In the immediate future the procedures which have
been developed must be validated. The accuracy and
reliability of the assays must be demonstrated using
already proven methods as the yardstick, and this must
be performed to the satisfaction of the regulatory agencies
across a number of international markets. The assays
will then be available to reduce our reliance upon the
mouse bioassay.

The goal is to replace the bioassay with these more
rapid, accurate and specific assays. My pick of the
techniques would be the screening of shellfish flesh by
immunoassays such as ELISA, as these are easily auto-
mated, and can be set-up to follow the same format
regardless of toxin class, followed by confirmation using
LC-MS. This combination would permit the rapid
screening of large numbers of samples, with confirma-
tion of toxin identity and quantification by MS analysis
where necessary.

The antibody reagents employed in these ELISAs
would then be available for development of more auto-
mated immuno-sensor assays. In the longer term, we
will see the adoption of early warning systems in the
more advanced shellfish growing regions. Scholin of
MBARI is already working on the development of a
prototype offshore buoy, upon which will be mounted
immunological and molecular probe technologies. The
buoy will be self-contained, and will send a signal when
it detects levels of algae or toxin in the water that may
constitute a risk.

A number of questions remain. How are the organ-
isms spread—have they been here all the time? Why are
the algae triggered to bloom; why do they produce the
toxins? And, what can we do to understand and predict
future incidents in order to protect both consumers and
producers? The methodologies that are described here
will play a key role in helping provide the answers to
these questions.
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