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ABSTRACT
Shellfish toxins are the most dangerous marine biotoxins, and produced by free living micro-algae. Shellfish toxins are concentrated
in flesh, and poisoning occurs when these contaminated shellfish is consumed. They can cause paralytic shellfish poisoning (PSP),
diarrhetic shellfish poisoning (DSP), neurotoxic shellfish poisoning (NSP), amnesic shellfish poisoning (ASP) and azaspiracid
shellfish poisoning (AZP), responsible for a variety of gastrointestinal and neurological symptoms in consumers. This article reviews
the main types of marine toxins associated with shellfish poisoning and their toxic effects, the limitations of current regulations on
marine biotoxins and the techniques used for their detection to ensuring the safety of shellfish for human consumption.
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INTRODUCTION

Although viral and bacterial infections resulting from shellfish ingestion are more common, toxin-mediated
shellfish poisoning can cause severe and life-threatening neurological effects (Isbister and Kiernan 2005).
Shellfish is regarded as a ‘super food’, owing to their high nutritive value including high levels of poly-
unsaturated fatty acids (PUFASs), especially omega-3 fatty acids. Shellfish feed on marine microalgae that
contains high levels of PUFAs (Furey et al. 2010). Bivalve molluscs feed by filtering suspended particles,
including phytoplankton, from the water (Turrell and Stobo 2007). Marine microalgae, especially phycotoxin
producers such as several species of dinoflagellates and diatoms, are one of the main problems in the
exploitation of marine resources around the world. Phycotoxins are toxic compounds that enter into the food
chain as components of the phytoplankton (Campas et al. 2007). Toxic shellfish poisonings occur when algal
toxins are transferred through the food chain to higher trophic levels, including humans (Takahashi et al. 2007).

Marine biotoxins including lipophilic toxins such as okadaic acid (OA), dinophysistoxins (DTXs) and
associated esters, yessotoxins (YTXs), pectenotoxins (PTXs) and azaspiracids (AZAs) and hydrophilic toxins
such as domoic acid (DA) and saxitoxins (STXs), may vary structures, toxicology and modes of action (Parades
et al. 2011, Turrell and Stobo 2007).

Mass proliferations of phytoplankton are known as algal blooms, and blooms of toxic algae are also known
as harmful algal blooms, or HABs (Camacho et al. 2007). One of the determinants of harmful algal bloom is
HAB toxins produced by some algae, which accumulate in shellfish and subsequently result in poisoning of
humans that consume shellfish (Yang et al. 2009). This is a major concern for public health authorities as well as
for the shellfish industry, since the closure of harvesting sites due to these toxic episodes has also an important
economic impact (Regueiro et al. 2011).

THE MAIN TYPES OF TOXIC SHELLFISH POISONING

Human diseases associated with exposure to harmful algal bloom toxins include paralytic shellfish poisoning
(PSP), diarrhetic shellfish poisoning (DSP), neurotoxic shellfish poisoning (NSP), amnesic shellfish poisoning
(ASP) and azaspiracid shellfish poisoning (AZP), etc. (Yang et al. 2009).

Characteristics associated with the main types of shellfish poisoning are represented in Table 1.
Additionally, Table 2 summarizes the data of reported human intoxications due to algal toxins in shellfish.
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Table 1. The main marine toxins, their sources and effects (Camacho et al. 2007, Oliveira et al. 2011)

Effects Toxin origin Main toxins Food source
Paralytic shellfish poisoning  Alexandrium catenella, A. Saxitoxins (STXs) Clams, mussels, oysters,
(PSP) cohorticula, A. fundyense, A. cockles, gastropods,
fraterculus, A. leei, scallops, whelks,
A. minutum, A. tamarense, A. lobsters,
andersonii, A. ostenfeldii, A. copepods, crabs, fish

tamiyavanichii,
Gymnodinium catenatum,
Pyrodinium bahamense var.

compressum
Diarrhetic shellfish Dinophysis acuta, D. caudate, D. Okadaic acid, dinophysis ~ Mussels, scallops, clams,
poisoning (DSP) fortii, D. norvegica, D. mitra, D. toxins (DTXs), gastropods

rotundata, D. sacculus, D. fortii, yessotoxins

D. miles,D. norvegica, tripos, (YTXs) and pectenotoxins

Prorocentrum lima, (PTXs)

P. arenarium, P.belizeanum,

P. cassubicum, P. concavum, P.
faustiae,

P. hoffmannianum, P.
maculosum,Protoceratium
reticulatum, Coolia sp.,
Protoperidium oceanicum, P.
pellucidum,

Phalacroma rotundatum

Neurotoxic shellfish Gymnodinium breve Brevetoxins (PbTxs) Oyster, clams, mussels,
poisoning (NSP) cockles, whelks
Amnesic shellfish poisoning  Nitzschia spp. Domoic acid shellfish

(ASP)

Azaspiracid shellfish Protoperidinium crassipes Azaspiracids (AZAs) Mussels, oyster

poisoning (AZP)

Table 2. Reported cases of the different types of shellfish poisoning

Types of Date Implicated food Number of Location Reference

poisoning illness

PSP 1990 Mussels 6 Massachusetts CDC, 1991

PSP 1991 Mussels 24 Venezuela Barbera-Sanchez et al. 2004
NSP 1996 Shellfish 3 Florida Poli et al. 2000

DSP 2002 Blue mussels 403 Belgium De Schrijver et al. 2002
AZP 1998 Mussels 20-30 Ireland James et al. 2004

AZP 2000 Mussels 12-16 UK Twiner et al. 2008

DSP 2002 Mussels 32 Portugal Vale et al. 2003

DSP 2009 Mussels 45 France Hossen et al. 2011

Paralytic shellfish poisoning (PSP)

Due to their world-wide incidence, PSP toxins pose the most serious threat to public health and cause and
unmeasurable economic damage (Campas et al. 2007). These toxins responsible for seafood-borne illness are the
neurotoxins known collectively as the saxitoxins (STXs), also referred to as PSP toxins. Major toxin sources
include certain species of microalgae, notably marine dinoflagellates of the genera Alexandrium (formerly
Gonyaulax), Gymnodinium and Pyrodinium (Etheridge 2010). Subsequent ingestion of filter-feeding molluscan
bivalves, accumulate toxins by ingesting toxic dinoflagellates, can result in serious illness or even death in
humans (Wang et al. 2011). PSP-toxins, having a skeleton of 3,4,6-trialkyltetrahydropurine, are fast-acting
neurotoxins that can inhibit transmission of nerve impulses by blocking voltage-gated sodium channels in
nerves, skeletal, and cardiac muscle fibres, and can lead to death, due to respiratory paralysis (Wong et al. 2009).
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Symptoms resulting from these toxins include tingling sensation of the lips, mouth and tongue, numbness of
extremities, paresthesias, weakness, ataxia, floating/dissociative feeling, nausea, shortness of breath, dizziness,
vomiting, headache, dysphagia and dysarthria (Etheridge 2010).

Diarrhetic shellfish poisoning (DSP)

Although not a life-threatening condition, diarrhetic shellfish poisoning is a worldwide problem for the bivalve
aquaculture and fisheries industries (Svensson 2003). Okadaic acid (OA) and analogues, including the
dinophysis toxins DTX-1, 2 and 3, are mainly responsible for diarrhetic shellfish poisoning (DSP) syndrome
(Garthwaite 2000). The toxins are produced by dinoflagellates belonging to the genera Dinophysis and
Prorocentrum, and bivalves including mussels accumulate the toxins from ingestion of the algae (Duinker 2007).
DSP is caused by the ingestion of shellfish that have bioaccumulated toxin in their viscera from dinoflagellates
(Novak 1998). The main symptoms caused by consumption of DSP-contaminated shellfishes include diarrhoea,
vomiting, and abdominal pain. Other symptoms associated with the disease include nausea and headache (Aifeng
et al. 2006). Although no serious acute toxicities of OA and DTXs were reported, the chronic effects of the
toxins, such as tumor promotion resulting from the inhibition of protein phosphatase, caused much concern
(Aifeng et al. 2006, Takahashi et al. 2007).

Neurotoxic shellfish poisoning (NSP)

The toxins of the neurotoxic shellfish poisoning (NSP) are one of the most characteristic and spectacular classes
of compounds produced by microalgae, and known as brevetoxins (Daranas et al. 2001). These polyether toxins
are produced by the dinoflagellate Gymnodinium breve (Garthwaite 2000). NSP is characterised by a
combination of gastrointestinal effects (abdominal pain, nausea, and diarrhaea) and neurological effects
(paraesthesia, “temperature reversal”, myalgia, vertigo, and ataxia) (Isbister and Kiernan 2005).

Amnesic shellfish poisoning (ASP)

The causative chemical, which causes amnesic shellfish poisoning, is domoic acid, an amino acid produced by
the pinnate diatoms (Pseudonitzschia spp). The toxin can be bio-concentrated by filter-feeding shellfish that
graze on these phytoplankton and, thus can then enter the human food chain (James et al. 2005, Jeffery et al.
2004). Amnesic or encephalopathic shellfish poisoning differs from most other neurotoxic marine poisoning
because the main effect is to the central nervous system (CNS). It is a toxic encephalopathy that is characterised
by severe memory loss and confusion (Isbister and Kiernan 2005). Other toxic reactions to DA in humans
include abdominal cramps, vomiting and diarrhoea. It has been documented to affect, not only humans, but
marine organisms such as marine mammals and sea birds (Takahashi et al. 2007).

Azaspiracid poisoning (AZP)

Azaspiracid poisoning (AZP) is the most recently discovered human toxic syndrome associated with shellfish
(Furey et al. 2010, Vale 2004). AZP toxins are relatively thermostable nitrogen-containing compounds,
azaspiracid (AZA) (Campas et al. 2007) and Protoperidinium crassipes has been identified as a potential
producer of them (Twiner et al. 2008). Around 30 analogues are known but not all of them are completely
characterized (Parades et al. 2011), and AZA1 is the most toxic to human followed by AZA2 and AZA3
(Alvarez et al. 2010). AZA3 seems to be easily degraded compared to the others, so that might be the reason why
it naturally occurs in lower concentrations than AZA1l and AZA2, which are stable until 70°C in acidic
conditions (Parades et al. 2011). Toxicology studies have demonstrated that AZA1 targets several tissues causing
atrophic lamina propria and shortening and erosion of villi in the intestine, necrosis of lymphoid tissues, fatty
liver and lung tumors (Vilarino et al. 2007). Similar to DSP toxins, human consumption of AZA-contaminated
shellfish can result in severe acute symptoms that include nausea, vomiting, diarrhea, and stomach cramps
(Kilcoynea and Fux 2010). These toxins have become widespread in multiple European countries as well as
Morocco and eastern Canada (Alvarez et al. 2010, Twiner et al. 2008).

REGULATIONS AND DETECTION METHODS FOR MICROALGAL TOXINS

According to the European Union Directive 91/492/EEC, the content of PSB toxins must not exceed 80 g/100 g
of shellfish flesh in accordance with the biological testing method. Using the HPLC method, the EU permits a
maximum level of 20 pg/g for the total ASP toxins content in the edible parts of mollusc (Council of the
European Communities 1991). In 2002, the European Commission set a maximum level for okadaic acid (OA),
dinophysistoxins (DTXs) and pectenotoxins (PTXs) present at same time in edible tissues of 160 ug of okadaic
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acid equivalent/kg shellfish. The European Commission also decided to set the upper safe limit of AZP toxins in
bivalve molluscs, echinoderms, tunicates and marine gastropods, to 160 ug of azaspiracid equivalents/kg
(European Commission 2002).

The risk management linked to phycotoxin contamination of bivalve molluscs is based on monitoring of
toxins in material intended for human consumption (Rossini 2005). Increasing and serious concerns about
seafood safety and human health protection have made evident the necessity of rapid, robust, specific and
sensitive analytical methods for the detection of phycotoxins (Campas et al. 2007) and several methods are
currently used to assess the contamination of seafood by toxic agents.

Among the different bioassays, the in vivo mouse bioassays are the most commonly used. In spite of being
laborious and time-consuming, inconsistencies, lack of specificity and questionable ethical justification of mouse
bioassays, this technique is useful as preliminary toxicity screening (Rossini 2005).

Antibody-based immunoassays are potentially useful for accurate, sensitive and routine determinations of
marine toxins. These assays typically include enzyme-linked immonosorbent assay (ELISA) or
radioimmunoassay (RIA) (Camacho et al. 2007). Several immunosensors, including electrochemical, optical,
cell and tissue biosensors, have also been used for immunodetection of marine toxins (Vilarino et al. 2010).
Biosensors are characterised by the simplicity of use, even for non-skilled personnel, and the low cost. At
present, biosensors should be seen as bioanalytical tools for preliminary screening the toxicity of a sample
(Campas et al. 2007).

Chromatographic techniques such as high performance liquid chromatography (HPLC) have been widely
developed for the detection of seafood toxins, and allowed separation, highly selective identification and
sensitive quantification of the different toxins present in a sample (Campas et al. 2007). The analytical
techniques including more recently liquid mass spectrometry (LC-MS) has led to rapid advances in
understanding of production, accumulation, depuration and chemistry of the toxins (Garthwaite 2000, Hess
2010, Ishister and Kiernan 2005).

Apart from these, algal monitoring procedure has been successfully used in a number of countries as an
early warning system and relies upon a good understanding of the toxigenic species present in the marine
environment (Garthwaite 2000).

CONCLUSIONS

To ensure consumer safety, it is essential the monitoring of toxin levels in all commercially harvested shellfish
using the new analytical techniques such as HPLC, LC-MS, immunoassay, cellular bioassays and molecular
probes. Furthermore, an effective risk assessment programs for the identification of the environmental conditions
and organisms responsible for toxin production in shellfish harvesting areas must be developed to prevent
shellfish toxin contamination.

REFERENCES

Aifeng L, Rencheng Y, Jun L, Xianghai T, Yunfeng W, Tian Y, and Mingjiang Z (2006). Protein phosphatase inhibition assay for detection
of diarrhetic shellfish poison in oyster. Chinese J Anal Chem 34: 283-287.

Alvarez G, Uribe E, Valos PA, Marino C, and Blanco J (2010). First identification of azaspiracid and spirolides in Mesodesma donacium and
Mulinia edulis from Northern Chile. Toxicon 55: 638-641.

Barbera-Sanchez AL, Soler JF, de Astudillo LR, and Chang-Yen | (2004). Paralytic shellfish poisoning (PSP) in Margarita Island,
Venezuela. Rev Biol Trop 52: 89-98.

Campas M, Prieto-Simon B, and Marty JL (2007). Biosensors to detect marine toxins: assessing seafood safety. Talanta 72: 884-895.

Camacho FG, Rodriguez JG, Miron AS, Garcia MCC, Belarbi EH, Chisti Y, and Grima EM (2007). Biotechnological significance of toxic
marine dinoflagellates. Biotechnol Adv 25: 176-194.

Center for Disease Control and Prevention (CDC) (1991). Epidemiological notes and reports paralytic shellfish poisoning-Massachusetts and
Alaska, 1990. Morb Mort Week Rep 40: 157-161.

Council of the European Communities (1991). Council Directive (EEC) No. 91/492 of 15

July 1991-laying down the health conditions for the production and the placing on the market of live bivalve molluscs. Off J Eur Commun
L268: 1.

Daranas AH, Norte M, and Fernandez JJ (2001). Toxic marine microalgae. Toxicon 39: 1101-1132.

De Schrijver K, Maes |, De Man L, and Michelet J (2002). An outbreak of diarrhoeic shellfish poisoning in Antwerp, Belgium.
Eurosurveillance 7 (10).

Duinker A, Bergslien M, Strand @, Olseng CD, and Svardal A (2007). The effect of size and age on depuration rates of diarrhetic shellfish
toxins (DST) in mussels (Mytilus edulis L.). Harmful Algae 6: 288-300.

Etheridge SM (2010). Paralytic shellfish poisoning: seafood safety and human health perspectives. Toxicon 56: 108-122.

European Commission (2002). Commission Decision 2002/225/EC of 15 March 2002-laying down detailed rules for the implementation of
Council Directive 91/492/EEC as regards the maximum levels and the methods of analysis of certain marine biotoxins in bivalve
molluscs, echinoderms, tunicates and marine gastropods. Off J Eur Commun L75: 62-63.

118



J. BIOL. ENVIRON. SCI.,
2012, 6(17), 115-119

Furey A, O’Doherty S, O’Callaghan K, Lehane M, and James KJ (2010). Azaspiracid poisoning (AZP) toxins in shellfish: toxicological and
health considerations. Toxicon 56: 173-190.

Garthwaite | (2000). Keeping shellfish safe to eat: a brief review of shellfish toxins, and methods for their detection. Trend Food Sci Tech
11: 235-244.

Hess P (2010). Requirements for screening and confirmatory methods for the detection and quantification of marine biotoxins in end-product
and official control. Anal Bioanal Chem 397: 1683-1694.

Hossen V, Jourdan-da Silva N, Guillois-Becel Y, Marchal J, and Krys S (2011). Food poisoning outbreaks linked to mussels contaminated
with okadaic acid and ester dinophysistoxin-3 in France, June 2009. Euro Surveill 16: 1-7.

Ishister GK, and Kiernan MC (2005). Neurotoxic marine poisoning. Lancet Neurol 4: 219-228.

James KJ, Fidalgo Saez MJ, Furey A, and Lehane M (2004). Azaspiracid poisoning, the food-borne illness associated with shellfish
consumption. Food Addit Contam 21: 879-892.

James KJ, Gillman M, Amandi MF, Lopez-Rivera A, Puente PF, Lehane M, Mitrovic S, and Furey A (2005). Amnesic shellfish poisoning
toxins in bivalve molluscs in Ireland. Toxicon 46: 852-858.

Jeffery B, Barlow T, Moizer K, Paul S, and Boyle C (2004). Amnesic shellfish poison. Food Chem Toxicol 42: 545-557.

Kilcoynea J, and Fux E (2010). Strategies for the elimination of matrix effects in the liquid chromatography-tandem mass spectrometry
analysis of the lipophilic toxins okadaic acid and azaspiracid-1 in molluscan shellfish. J Chromatography A 1217: 7123-7130.

Novak SM (1998). Foodborne illness-chemical fish and shellfish poisoning. Clin Microbiol Newsletter 20: 17-24.

Oliveira J, Cunha A, Castilho F, Romalde JL, and Pereira MJ (2011). Microbial contamination and purification of bivalve shellfish: curicial
aspects in monitoring and future perspectives-a mini-review. Food Control 22: 805-816.

Parades I, Rietjens IMCM, Vieites JM, and Cabado AG (2011). Update of risk assessments of main marine biotoxins in the European Union.
Toxicon 58: 336-354.

Poli MA, Musser SM, Dickey RW, Eilers PP, and Hall S (2000). Neurotoxic shellfish poisoning and brevetoxin metabolites: a case study
from Florida. Toxicon 38: 981-993.

Regueiro J, Rossignoli AE, Alvarez G, and Blanco J (2011). Automated on-line solid-phase extraction coupled to liquid chromatography—
tandem mass spectrometry for determination of lipophilic marine toxins in shellfish. Food Chem 129: 533-540.

Rossini GP (2005). Functional assays in marine biotoxin detection. Toxicology 207: 451-462.

Svensson S (2003). Depuration of okadaic acid (diarrhetic shellfish toxin) in mussels, Mytilus edulis (Linnaeus), feeding on different
quantities of nontoxic algae. Aquaculture 218: 277-291.

Takahashi E, Yu O, Eaglesham G, Connell DW, McBroom J, Costanzo S, Shaw GR (2007). Occurrence and seasonal variations of algal
toxins in water, phytoplankton and shellfish from North Stradbroke Island, Queensland, Australia. Mar Environ Res 64: 429-442.
Turrell EA, and Stobo L (2007). A comparison of the mouse bioassay with liquid chromatography—mass spectrometry for the detection of

lipophilic toxins in shellfish from Scottish waters. Toxicon 50: 442-447.

Twiner MJ, Rehmann N, Hess P, and Doucette GJ (2008). Azaspiracid shellfish poisoning: a review on the chemistry, ecology, and
toxicology with an emphasis on human health. Mar Drugs 6: 39-72.

Vale P, Maia AJ, Correia A, Rodrigues SM, Botelho MJ, Casanova G, Silva A, Vilarinho MG, and Silva AD (2003). An outbreak of
diarrhetic shellfish poisoning after ingestion of wild mussels at the Northern coast in summer 2002. Electron. J Environ Agric Food
Chem 2: 449-452.

Vale P (2004). Is there a risk of human poisoning by azaspiracids from shellfish harvested at the Portuguese coast? Toxicon 44: 943-947.

Vilarino N, Nicolaou KC, Frederick MO, Vieytes MR, and Botana LM (2007). Irreversible cytoskeletal disarrangement is independent of
caspase activation during in vitro azaspiracid toxicity in human neuroblastoma cells. Biochem Pharmacol 74: 327-335.

Vilarino N, Louzao MC, Vieytes MR, and Botana LM (2010). Biological methods form arine toxin detection. Anal Bioanal Chem 397: 1673-
1681.

Wang ZH, Nie XP, Jiang SJ, Zhao JG, Cao Y, Zhang YJ, and Wang DZ (2011). Source and profile of paralytic shellfish poisoning toxins in
shellfish in Daya Bay, South China Sea. Mar Environ Res 72: 53-59.

Wong CK, Hung P, Lee KLH, Mok T, and Kam KM (2009). Effect of steam cooking on distribution of paralytic shellfish toxins in different
tissue compartments of scallops Patinopecten yessoensis. Food Chem 114: 72-80.

Yang WD, Wu MY, Liu JS, Peng XC, and Li HY (2009). Reporter gene assay for detection of shellfish toxins. Biomed Environ Sci 22: 419-
422.

119



