Section III Public Health Reasons and Explanations – Chapter IV Shellstock Growing Areas
@.04 Marine Biotoxin Control

Marine Biotoxins Overview

Shellfish are filter feeders and, therefore, can concentrate toxic phytoplankton from the water column when present in shellfish growing waters. The toxins produced by certain species of phytoplankton can cause illness and death in humans. Toxins are accumulated in the viscera and/or other tissues of shellfish and human exposure occurs when the shellfish are eaten (Gordan et al., 1973). These toxins are not destroyed by cooking or processing and cannot be detected by taste. The presence of toxic phytoplankton in the water column or traces of their toxin in shellfish meat does not necessarily constitute a health risk, as toxicity is dependent on concentration  in the shellfish. To protect the consumer, the Authority must evaluate the concentration of toxin present in the shellfish against the levels established in the NSSP Model Ordinance to determine what action, if any, should be taken. 



Toxic dinoflagellates  diatoms are single-cell marine that are indigenous to most coastal and estuarine waters on the Atlantic, Gulf, and Pacific coasts of America, as well as in many other parts of the world. Dinoflagellates and diatoms in their vegetative stage flourish (“bloom”) seasonally when water conditions are favorable. Blooms of these organisms can occur unexpectedly and rapidly; or may follow predictable patterns.

The relationship between red tides and biotoxin poisoning is widely misunderstood While red tide be related to harmful algae, it is helpful to remember that:

· Harmful algal blooms (HABs) may be other colors;
· Marine biotoxin poisoning can happen when there is no discoloration of the water; and
· Several marine algae that pose no public health risk cause water discoloration.

Diseases and Outbreaks Overview

All humans are susceptible to shellfish poisoning.  disproportionate number of shellfish-poisoning cases occur among tourists or others who are not native to the location where the toxic shellfish are harvested, and fishermen and recreational harvesters. This may be due to disregard for either official quarantines or traditions of safe consumption. 

Diagnosis of shellfish poisoning is based on observed symptomatology and recent dietary history. Human ingestion of contaminated shellfish results in a wide variety of symptoms, depending on the toxin(s) present, their concentrations in the shellfish, and the amount of contaminated shellfish consumed.

There are five (5) types of shellfish poisonings which are specifically addressed in the NSSP Model Ordinance: paralytic shellfish poisoning (PSP), neurotoxic shellfish poisoning (NSP), amnesic shellfish poisoning or domoic acid poisoning (ASP), diarrhetic shellfish poisoning (DSP) and azaspiracid poisoning (AZP). Of these five (5) types of shellfish poisoning, PSP, NSP and ASP are the most dangerous. PSP and ASP can cause death at sufficiently high exposures. In addition, ASP can cause lasting neurological damage. DSP and AZP cause similar symptoms mostly related to diarrhea and abdominal pain.

PSP

PSP is caused by saxitoxins produced by dinoflagellates of the genus Alexandrium (formerly Gonyaulax). The dinoflagellate Pyrodinium bahamense is also a producer of saxitoxins. PSP is caused by saxitoxins produced by dinoflagellates of the genus Alexandrium (formerly Gonyaulax) and Pyrodinium bahamense.  Potential symptoms of PSP are numerous and can include tingling or numbness in the face, hands, and feet, weakness, slurred speech, difficulty swallowing, shortness of breath, nausea, vomiting, dizziness, headache and high blood pressure.  Onset of symptoms is typically rapid (i.e. 30 minutes or less), and death from asphyxiation can occur in some cases (Etheridge 2010 and references therein).  

Historically, Alexandrium blooms have occurred between April and along the Pacific coast from Alaska to California and in the Northeast from the Canadian Provinces to Long Island Sound (U.S. Public Health Service, 1958but these patterns may be . The blooms generally last only a few weeks and most shellfish (except for some species of clams and scallops which retain the toxin for longer periods) clear themselves rapidly of the toxin once the bloom dissipates. Toxic blooms can occur unexpectedly or follow predictable patterns.

n New England in 1972, shellfish suddenly became toxic in a previously unaffected portion of the coastline which resulted in many illnesses (Schwalm, 1973).  in July 2007, a lobster fisherman harvested mussels from a floating barrel off Jonesport, Maine (an area that was open to shellfish harvesting) and he and his family ate them for dinner. All four consumers became ill with PSP symptoms and three of them were admitted to the hospital.  apparent that the barrel of mussels had originated further up the coast in an area that had been banned to commercial harvest (DeGrasse, 2014).

NSP

NSP is caused by brevetoxins produced by the dinoflagellate (formerly Gymnodinium). The most common public health problem associated with Karenia blooms is respiratory irritation; however, neurotoxic shellfish poisonings associated with Karenia brevis blooms have been reported in Florida (Center for Disease Control, 1973 [a] and [b]). Onset of symptoms can occur within 18 hours of exposure, although an average onset time has been noted as three to four hours following consumption (Grattan et al 2016).  Gastrointestinal symptoms are commonly reported, but neurological symptoms such as numbness and tingling in the face, hands and feet, partial limb paralysis, slurred speech, loss of coordination and even reversal of hot and cold sensations have also occurred (Watkins et al 2008).It regularly produces blooms along the coasts of Florida and Texas. appear red, brown, or simply darkened and usually accompanied by fish kills and mortalities in marine mammals and sea birds (Watkins, 2008).

Karenialooms were once considered to be sporadic and seasonal, but historical records demonstrate these blooms have occurred in Florida almost annually in the years since the 1940s. They now regularly occur along the Gulf Coast between Florida and Texas, and aAlthough more frequent in late summer and early fall, Florida blooms have been documented in almost every month of the year and may disperse in a matter of weeks, or may be present for many months at a time. Occurrence and magnitude of blooms are unpredictable. If seawater is colored during a bloom, it may appear red, brown, or simply darkened and blooms are usually accompanied by fish kills and mortalities in marine mammals and sea birds (Watkins, 2008).


ASP

ASP is caused by domoic acid, which is produced by diatoms of the genus Pseudo-nitzschia. 
     
Acute exposure to domoic acid can cause nausea, diarrhea, headaches, confusion/disorientation, seizures, and most severely, permanent short-term memory loss, coma, or death (Lefebvre and Robertson 2010, Shumway et al 2018).  Onset of these symptoms can occur within 24 to 48 hours of consumption (Perl et al 1990, Grattan et al 2016). The effects of chronic, low-level exposure to domoic acid through shellfish consumption are still being studied, but potential impacts include impairment of fetal development, memory deficits, and kidney damage (Grattan et al. 2018 and Funk et al. 2014).   




Blooms of Pseudo-nitzschia are of varying intensity, duration and extent. During a 1991-1992 incident in Washington and a 2015 event on the west coast from Washington to California, high toxin levels persisted for several (Liston, 1994; McCabe et al. 2016). There was also an extensive event in the Northeast from Maine to Rhode Island in 2016, with different regions showing varying toxicity and species dominance within the . The event started in late September in eastern Maine and ended in October; however, Rhode Island experienced another bloom in February of 2017. 

DSP









Although there have been numerous outbreaks of DSP around the world, no confirmed cases of DSP in the U.S. that were due to domestically harvested shellfish occurred prior to 2011 (Trainer 2013). A cluster of DSP illnesses, with DSP toxins confirmed in blue mussels (Mytilus edulis), occurred in Washington state in July 2011 (3 persons; Lloyd 2013) and in British Columbia, Canada in July-August 2011 (62 persons; Taylor 2013). Subsequent harvesting closures and product recalls were issued.  DSP toxins have been detected at levels exceeding the FDA regulatory limit in the Eastern oyster (; Texas; Campbell 2010; Deeds 2010); the Pacific oyster (), varnish clam (), and manila clam () (Washington; Trainer 2013); California mussels () from Washington and Monterey Bay, CA (Trainer 2013; Schultz 2019); and various commercial and non-commercial shellfish species from New York, Massachusetts, and Maine, Delaware, and Maryland waters (Hattenrath-Lehmann et al 2013, Deeds et al 2020, Trainer et al. 2013 Wolny et al 2020, Anderson 2021).;  and in non-commercial shellfish in research studies in Mid-Atlantic states. (Hattenrath-Lehmann et al 2013, Wolny et al 2020, Anderson 2021).










AZP

Azadinium spp. is the producer of azaspiracids, which cause AZP. Compared to the other biotoxins discussed, AZP has been much less studied globally and within the United States, with only limited monitoring data available. Azaspiracids have been detected in seawater on both the West Coast, in Washington (Puget Sound) (Trainer et al. 2013, Kim et al. 2017, Anderson et al. 2021) and the East Coast, in Virginia (Chesapeake Bay and VA coastal bays) (Onofrio et al. 2021). Harvesting closures in the U.S. have not been documented due to AZP toxins. Toxic blooms are known to occur in coastal regions of western Europe as well as northwestern Africa and eastern Canada (reference needed).

Azadinium spp. is the producer of azaspiracids, which cause AZP. While AZP has occurred in the U.S., the contaminated shellfish was imported (Klontz et al. 2009). Harvesting closures in the U.S. have not been documented due to AZP toxins. Toxin blooms are known to occur in coastal regions of western Europe as well as northwestern Africa and eastern Canada.  
Symptoms of AZP are similar to those noted with DSP, and include nausea, vomiting, cramps, and diarrhea, with symptoms typically persisting for two to three days from onset (Furey et al 2010, Shumway et al 2018).  

The first case of AZP was detected in the Netherlands in 1995, where eight people became ill after consuming mussels harvested at Killary Harbour, Ireland (McMahon and Silke 1996). From 1997 – 2000, approximately 80 individuals reported illnesses from mussels and scallops harvested from Ireland, Italy, France, and United Kingdom (Twiner, 2008). There have been no confirmed cases of AZP in the U.S. from domestically harvested product. In 2008, the first recognized outbreak of AZP in the U.S. was reported but was associated with a mussel product imported from Ireland (Klontz et al.2009).

Marine Biotoxin Plans – Management & Contingency

The suitability of some growing areas for shellfish harvesting is periodically influenced by the presence of marine biotoxins. The occurrence of these toxins is often unpredictable, and the potential for them to occur exists along most coastlines of the United States and other countries having shellfish sanitation Memoranda of Understanding (MOU) agreements with the United States. The unpredictability in occurrence of toxic blooms was demonstrated in New England in 1972 when shellfish suddenly became toxic in a previously unaffected portion of the coastline and resulted in many illnesses (Schwalm, 1973).

For this reason, even when the authority has no history or reason to expect toxin-producing phytoplankton in their growing areas, every shellfish-producing authority must have a contingency plan that defines administrative procedures, laboratory support, sample collection procedures, and patrol procedures to be
implemented on an emergency basis in the event of the occurrence of shellfish toxins. For producing authorities where there is historic occurrence of toxin-producing phytoplankton and toxicity in shellfish from their growing areas, the authority must develop a management plan for those toxin groups.

Most authorities will have a combination of management and contingency plans-management plans. Management plans are used to address those growing areas with historic occurrence of certain toxin-producing phytoplankton, and contingency plans are used to address toxin-producing phytoplankton in growing areas in the event of such emergence. As an example, an authority may have statewide historical occurrence of PSP toxin-producing phytoplankton, for which it develops a management plan; however, because of a lack of illness outbreak or historical evidence of phytoplankton that produce ASP, NSP, DSP, and AZP toxins, the authority also develops a contingency plan that addresses how the authority will manage the emergence of
those toxins.

Guidance for the development of contingency and management plans is found in Section IV Guidance Documents, Chapter II Growing Areas @.02.




Food and Drug Administration, Marine Biotoxin Management V1_2, https://collaboration.fda.gov/biotoxins/?elq=f3a546ff4e224fca89660b1cf26461f9&elqCampaignId=5608&elqTrackId=de384479b4e8416997f078b1277d4578&elqaid=6833&elqat=1&utm_campaign=Seafood+Safety+Update+-+Marine+Biotoxin+Video&utm_medium=email&utm_source=govdelivery 

https://www2.whoi.edu/site/andersonlab/
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