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Committee on the Toxicity of Chemicals in Food, Consumer
Products and the Environment (COT)

Statement of advice on the risk to human health from consumption of
bivalve molluscs (shellfish) harvested from UK waters associated with

marine biotoxins

Introduction

1. The Food Standards Agency (FSA) is considering the current advice and
monitoring programme for marine biotoxins and whether there is a need to update or
change existing legislative standards. The main purpose of this work is to identify
any emerging marine biotoxins in UK waters, including those whose occurrence has
increased due to rising temperatures as a result of climate change. The views of the
Committee on the Toxicity of Chemicals in Food, Consumer Products and the
Environment (COT) were sought on whether the identified emerging marine biotoxins

could pose a risk to human health.

2. A scoping paper and a summary paper were presented to the COT in 2023
and 2024 respectively (TOX/2023/59; TOX/2024/25). These provided an overview of

emerging marine biotoxins with summaries of the available toxicological information,

occurrence data with an emphasis on UK waters, estimated adult exposures and any
additional relevant information. The Committee could not conclude on the risks of the
emerging biotoxins due to a lack of information, most notably toxicologic studies,
without which deriving health-based guidance values (HBGVs) was not feasible.
Instead, a numerical risk ranking designed to assist in prioritisation of the biotoxins
was proposed by the Committee and discussed in March 2025 (TOX/2025/15). Risk

rankings for each group of biotoxins were generated by assigning a numerical score

to each biotoxin for the following categories: toxicity, occurrence, human case

reports, and monitoring.

3. The following statement provides the risk ranking and advice of the COT on

whether the identified emerging marine biotoxins pose a risk to health.
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4. Please note, pinnatoxin (PnTX) (TOX/2023/37) and pectenotoxin (PTX)
(TOX/2023/58) have been discussed separately and are not included in this

statement.

Background

5. Marine biotoxins are natural toxic metabolites produced by marine
phytoplankton. They can bioconcentrate in shellfish and along the food chain. If
concentrations of these toxins in shellfish are sufficiently high, consumption of these

shellfish can result in human iliness.

6. Marine biotoxins have previously been categorised based on clinical signs,
but they are increasingly being classified according to chemical structure. The
structural toxin groups that are generally considered to be of relevance to shellfish

harvested in European waters are:

e Domoic acid group (DA),

e Saxitoxin group (STX),

e Okadaic acid group (OA),
e Pectenotoxin group (PTX),
e Azaspiracid group (AZA),
e Yessotoxin group (YTX),

e Cyclic imine group (Cl).

7. Marine biotoxins can also be categorised according to their water solubility,
which determines the extraction protocol required for analysis. The DA and STX
groups are hydrophilic, while the OA, PTX, AZA, YTX and CI groups are lipophilic.
The DA group is associated with amnesic shellfish poisoning (ASP), the STX group
with paralytic shellfish poisoning (PSP) and the OA group with diarrhetic shellfish
poisoning (DSP).

8. The United Kingdom (UK) and European Union (EU) currently regulate three

major biotoxin groups in shellfish. These are subject to statutory testing to protect
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human health. The biotoxins specified within the Assimilated EU Regqulation (EC) No.

853/2004 (E&W, and Scotland) and EU Regulation (EC) No. 853/2004 (NI) are PSP
toxins (STX and relevant analogues), the lipophilic toxin group (OA, AZA, PTX and
YTX) and ASP toxin (DA).

9. In the UK the Agri-Food and Biosciences Institute (AFBI) is the Great Britain
(GB) National Reference Laboratory (NRL) for marine biotoxins. The Centre for
Environment, Fisheries and Aquaculture Science (Cefas) is designated as the official
laboratory (OL) for marine biotoxins in England, Wales and Scotland. In Northern
Ireland the NRL and OL for analysis and reporting of shellfish official controls (OCs)
is the Wageningen Food Safety Research (WFSR). A shift from biologically based
assays, such as the mouse bioassay, to validated chemical methods for marine
biotoxin testing has been implemented in the UK and EU due to the better specificity
of chemical methods and ethical concerns over animal use, although biological

methods may still be used in limited or exceptional cases.

Emerging marine biotoxins

10.  Emerging marine biotoxins were identified by evaluating assessments by
other authorities including EFSA, Cefas, Food Safety Authority Ireland (FSAI),
French Agency for Food, Environmental and Occupational Health and Safety
(ANSES) and the French Research Institute for Exploitation of the Sea (IFREMER).
A literature search was also conducted to identify any potential emerging marine
biotoxins since the publication of these reports. The marine biotoxin groups identified
were brevetoxin (BTX), palytoxin (PITX), tetrodotoxin (TTX), novel azaspiracid (AZA)
and DA analogues, PTX, cyanobacterial toxins and toxins within the Cl family
including spirolide (SPX), gymnodimine (GYM), pteriatoxin (PtTX) and PnTX. PTX
(TOX/2023/58) and PnTX (TOX/2023/37) have been discussed separately and are

not included in this statement.

11.  For the majority of the biotoxins identified limited information or data was
available on their toxicology, any human case reports or their occurrence in UK

and/or EU waters.
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12.  Animal toxicological data and, where available, human case reports have
identified five of the emerging biotoxins as neurotoxins, i.e. BTX, TTX, PITX, SPX
and GYM. Data from the literature suggest that the BTX, TTX and PITX groups
interfere with the sodium/potassium voltage gated ion channels resulting in the
depolarisation of membranes in excitable and non-excitable cells and contraction of
muscle cells (EFSA, 2009b; 2010b; 2017). Hence symptoms of acute exposure to
BTX, TTX and PITX in humans overlap with an array of neuromuscular and
cardiorespiratory effects. Regarding the remaining ClI neurotoxin groups, SPX and
GYM, the evidence points to both inhibiting the muscarinic and nicotinic
acetylcholine receptors in the central and peripheral nervous system and the
neuromuscular junction (EFSA, 2010a). No human case reports were identified for
SPX and GYM exposure. Animal data, however, characterised acute toxicity of Cls
as the rapid onset of systemic neurotoxicity and death. No long-term studies on Cls

were available.

13.  Of the cyanotoxins, MCs are the most investigated group. Current literature
suggests that MCs are actively transported into cells by specific organic anion
transport proteins (OATPs) and that, due to the high number of OATPs in the liver,
MCs are primarily hepatotoxic; however, distribution to other organs and tissues also
occurs. MCs bind to certain protein phosphatases that are involved in a range of
regulatory pathways, e.g., those responsible for cytoskeletal structures, cell
replication, stress response and DNA repair (Testai et al., 2016; WHO, 2020; 2022).
In humans, acute illness following the consumption of drinking water contaminated
with cyanobacteria typically causes gastroenteritis (Percival and Williams, 2023).
Limited toxicological data is available for other cyanotoxins, i.e., anatoxins (ATX),
cylindrospermopsin (CYN) and -methylamino-L-alanine (BMAA). BMAA and ATX
demonstrated neurotoxic effects whilst CYN demonstrated cytotoxicity (WHO, 2020).
The mechanisms of action of ATX, BMAA and CYN toxicity are not well understood.
One limitation is a lack of available standards/purified toxins; only poorly

characterised extracts have been used in experimental studies to date.

14. Human intoxications and deaths have been reported for TTX, PITX and MCs;
however, only non-fatal intoxications have been reported for BTX. No human cases

have been reported for ATX, BMAA, CYN or any Cls to date. In some cases of
4
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human intoxication, incomplete or missing toxin identification/quantification data
made it difficult to establish whether the incident could solely be attributed to PITX;
the involvement of PITX therefore remains unconfirmed (Cefas, 2014). Furthermore,
the fatalities reported to be caused by MC exposure occurred after inappropriately
treated water was used in renal dialysis rather than being due to consumption of
contaminated food or water (WHO, 2020).

15.  No toxicological data, occurrence data or reports of human intoxications were

available for PtTX, novel AZA and DA analogues.

16.  Little information was available on whether cooking may break down or alter
the concentrations of these marine biotoxins. Data was only available for MC and
TTX. Regarding the former, the data were inconsistent, but for TTX the limited
information available showed TTX was heat stable and did not decompose during
cooking (Islam et al., 2011; Bane et al., 2014; Turner et al., 2015; FAO/WHO, 2016).
Cooking can reduce concentrations of STX and DA through boiling or steaming due
to partial leaching into the cooking liquid (EFSA, 2009a; 2009c). However, there is no
other information on how cooking affects BTX, PITX, SPX, GYM or other

cyanotoxins.

17.  Occurrence data for the emerging biotoxins was limited because they are not
regulated or included in current routine monitoring programmes. The only recent EU
monitoring program was conducted by the French Research Institute for Exploitation
of the Sea (IFREMER) over a five-year period (2018-2022) (Amzil et al., 2023). The
results from the monitoring programme showed that unregulated lipophilic toxins, i.e.
PTXs, PnTX, GYMs, BTXs and MCs, could be identified and quantified in various
species of shellfish every year. This program was the first to find MC, GYM and BTX
groups in shellfish. Members of the PITXs were not detected in shellfish; they were,
however, detected in other seafood organisms, e.g., sea urchins, fish, gastropods

and crustaceans.

18.  Limited occurrence data on the emerging marine biotoxins was also available
in academic publications. Of note was a recent report of a cyanobacterial bloom in
Lough Neagh in Northern Ireland (DAERA, 2024). Species known to produce MCs

5
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such as Microcystis aeruginosa were identified and ten MC-group toxins were
measured in the water, congeners MC-LR and MC-RR being present at high
concentrations in some algal mats (1,137-18,493 ug/L) (Reid et al., 2024). Vareli et
al. (2012) also reported levels ranging from 45-142 ug MC-LR/kg fresh weight in
saltwater mussels from Greece. ATX and CYN have been detected in fish only, and
that outside Europe, while BMAA was reported in shellfish from France, Sweden and
Greece (Testai et al., 2016; Amzil et al., 2023). SPXs have been identified in shellfish
in Norway, Spain, Italy (EFSA, 2010a); specifically, 13-desmethyl spirolide C and 20-
methyl spirolide G have been reported in shellfish from Great Britain (Alexander et
al., 2024). PITX has been reported in mussels and sea urchins from other European
countries, including Greece, Italy and Spain (EFSA, 2009b). TTXs and their
analogues, unlike the other emerging biotoxins, have been reported frequently in
gastropods and bivalves from European waters, including in France, Spain, ltaly,
Greece, the Netherlands, Ireland and the UK (EFSA, 2017; Gerssen et al., 2018;
Bacciocchi et al., 2019; Blanco et al., 2019; Bordin et al., 2021; Dhanji-Rapkova et
al., 2020; Hort et al., 2020).

19.  Due to the limited toxicological information available, no HBGVs have been
established for BTX and Cls; however, the EU Community Reference Laboratory for
marine biotoxins (CRLMB)/EU Regulatory Reference Laboratory (EURL) has
proposed a guidance level of 400 ug sum of SPXs/kg shellfish meat (CRLMB, 2005;
Pigozzi et al., 2008). Acute reference doses (ARfD) have been derived for PITX and
TTXs of 0.2 pg/kg bw (sum of PITX and ostreocin-D) and 0.25 ug/kg bw respectively
(EFSA, 2009b; 2017). The World Health Organisation (WHO) proposed a provisional
tolerable daily intake (TDI) for MC of 0.04 pg/kg bw (WHO, 2020; 2022); however,
the database for repeated, long-term oral exposures to other cyanotoxins was limited
and not sufficient to derive a TDI without high levels of uncertainty. Apart from SPX
and MC, no chronic HBGVs or guidance levels have been set either in the EU or

other countries for the emerging marine biotoxins discussed here.

Unranked emerging marine biotoxins

20.  Of the emerging biotoxins identified, no monitoring data, human case reports,

occurrence or toxicological data was available for novel AZA analogues, DA
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analogues and PtTX. A read-across approach using established toxins from the
respective marine biotoxin groups was investigated for ranking these groups

(TOX/2025/15); however, this approach was deemed unsuitable by the Committee

(see paragraphs 31 and 32).32).

21.  For detailed discussions on the information identified from the literature and
evaluation of the data for the emerging marine biotoxins please see the previous
discussion papers (TOX/2023/59; TOX/2024/25).

Risk ranking method

22. In the absence of data to establish HBGVs and conduct a risk assessment, a
numerical risk ranking method was deemed appropriate to provide a measure of risk
that policymakers can use to inform decisions on whether legislative standards

should be updated or changed.

23. Adecision tree was proposed to clearly depict the main considerations and to
set out the amount of data available for each biotoxin, given the sometimes-limited
database (Figure 1). Combining the decision tree with numerical scores for each
step of the decision-making process clearly depicts the underlying considerations
and the weighing of the data. The decision tree considered the following categories
of information: monitoring, toxicological data, (i.e., human case reports and/or animal
toxicity data), and occurrence data. Each group of emerging biotoxin was
numerically scored on a scale of 1-5 for all categories generating a maximum score
of 20 where higher scores represent a greater risk to public health. The
considerations and weighing of evidence for each group of biotoxins were provided
in tabular form. This was accompanied by a narrative explaining the underlying
considerations and providing a transparent depiction of which data was driving the

risk ranking.

24, An attempt at risk ranking novel AZAs, DA analogues and PtTX, groups which
had insufficient data for any of the four categories, was attempted by comparison

with structurally similar biotoxins (TOX/2025/15); however, the Committee

concluded that this required further refinement before it could be used for the risk
7
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assessment of marine biotoxins. The read-across approach was retained in the
decision tree (Figure 1) as a potential future method for creating temporary risk

rankings for other biotoxins with limited information.

M
H
S
T ~~~~~~~ >
1 e A
o |
l Temporary
Score score

Figure 1. Risk ranking decision tree. M = monitoring; T = toxicity; H = human case
reports; O = occurrence; A = analogue. Dashed lines represent the potential path for

read-across using structurally similar toxins in the absence of data for T and/or O.

Monitoring

25.  The score for Monitoring considered whether the toxins were included in any
recent or ongoing official marine biotoxin monitoring programmes either in the UK or
EU. Toxins which were extensively monitored were considered to have low risk and
hence given the lowest score. Where only unofficial research monitoring
programmes and monitoring in countries outside the EU was available, higher scores
were allocated. Biotoxins for which monitoring was not conducted were considered
to have the highest risk because the prevalence of the toxin, and therefore the risk,

was unknown. In these instances, the highest score would be applied.
Human case reports

26. The score for Human case reports considered whether documented cases of

human intoxication were available, their severity, and whether any fatalities had been

OFFICIAL-FOR PUBLIC RELEASE



OFFICIAL-FOR PUBLIC RELEASE

reported. Higher scores were given to toxins for which both intoxications and
fatalities have been reported and lower scores for toxins with reports of intoxications
but no fatalities. The number of case reports was not considered because it was
highly variable between toxins, and the information available, in general, was very
limited. Toxins without information or reports of fatalities or intoxications were also
given a score; however, please note that the absence of reports of
intoxication/fatalities does not necessarily indicate that no intoxication (potentially
even fatalities) have occurred. Underreporting has been noted as an uncertainty for

marine biotoxins in general.

27.  For this category there are only three scoring options because, due to the
limited information available and associated uncertainties, it was not considered
possible to distinguish them further. The scores have been designated 1, 3 and 5 to

maintain an equal weighting of this category compared to the others.

Toxicity

28. The score for Toxicity considered the known adverse effects of each toxin, as
identified from in vivo animal studies, usually in mice or rats. Neurotoxic effects were
ranked highest followed by gastrointestinal effects and lastly mild effects such as
weakness and general unwellness. A numerical score from 1-5 was applied to the
endpoints described above and to the acute lethal dose (LDso). Whether a LDso was
considered ‘high’ or ‘low’ or rather ‘higher’ or ‘lower’, was, in this instance,
determined qualitatively via the Committee’s judgement rather than quantitatively
(i.e., specific LDso ranges) due to the limited data available. The LDsos were
considered to assist in differentiating toxicity profiles between biotoxins; however,
they are based on a limited toxicological database leading to high uncertainty as to

how much weight should be assigned to them.

Occurrence

29.  The score for Occurrence considered documented cases of detection of
these toxins either through official routine inspections, one-off incidents and/or
research efforts. Detection in UK waters was ranked highest followed by Northern

EU waters, as their temperature profile is similar to that of UK waters. Detection in
9
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Mediterranean EU waters was ranked lower because the water profile would be
different to the UK’s however, this may change with climate change and increasing
water temperatures. Detection outside the UK and EU was not considered here and

would only be considered useful if no other data were available.

Scoring

30.  Scoring was conducted as follows:
e Monitoring (M):
o 5 points - no monitoring.
o 4 points - limited monitoring (in EU/UK).
o 3 points - moderately monitored (in some countries but not across
all/UK).
o 2 points - extensive monitoring (EU/UK).
o 1 point - extensively monitored in the UK.
e Human case reports (H)
o 5 points - documented cases of human intoxications with fatalities.
o 3 points - documented cases of human intoxications without
fatalities.
o 1 point - no documented cases.
e Toxicity (T):
o 5 points - causes severe neurotoxic effects with low LDso.
o 4 points - causes severe neurotoxic effects with relatively high LDso.
o 3 points - causes gastrointestinal effects with low to moderate LDso.
o 2 points - causes gastrointestinal effects with relatively high LDso.
o 1 point - causes mild other effects or high LDso for other affects than
the ones listed above.
e Occurrence (O):
o 5 points - frequently detected in UK waters or no data available.
o 4 points - occasionally detected in UK waters.
o 3 points - rarely detected in UK waters.
o 2 points - detected in Northern EU waters.

1 point - detected only in Mediterranean EU waters.

O

10
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Read-across

31. Initially a read-across approach was proposed for scoring novel AZAs, DA
analogues and PtTXs with no to very limited information available. The approach
suggested using a structurally similar biotoxin (i.e., analogue) for which information
was available to fill the data gaps and generate a temporary score. However, the
Committee concluded that without evidence to show that, for example, the
occurrence of one biotoxin directly relates to the occurrence of another, using
analogues for all four scoring categories was associated with high uncertainty and
would not result in a robust/appropriate score. The Committee suggested, however,
that suitable read-across methods could be applied in the future, especially for the

determination of hazard scores.

32.  There was no to very limited data available for PtTX and novel AZAs in all
categories; the Committee, therefore, considered it inappropriate to apply read-

across here and did not include them in their final risk ranking.

Risk ranking results

33.  The risk rankings, following the decision tree in Figure 1, for the emerging
marine biotoxins are presented in Tables 1-6. A narrative is supplied alongside the
risk ranking to clearly depict the underlying considerations which led to the numerical

scores applied to each biotoxin.

Table 1. Tetrodotoxin (TTX)

Category No. | Score Narrative
Monitoring 4 Limited TTX is not routinely monitored; however, the French
monitoring Research Institute for Exploitation of the Sea (IFREMER)

conducted a five-year monitoring program for unregulated
marine biotoxins between 2018 and 2022 which included

TTX.
Human case | 5 Documented Documented cases of human intoxications and fatalities
reports cases of (EFSA, 2017). Death, caused by respiratory failure and
human cardiac collapse.
intoxications
and fatalities
Toxicity 5 Causes severe | TTX is neurotoxic (LDso oral administration 232 pg/kg bw and
neurotoxic intragastric administration 532 ug/kg bw in mice).
effects with
low LDso

11
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Occurrence 5 Frequently Detected at 0.0003-0.541 mg/kg in gastropods and bivalves
detected in UK | in France, Spain, Italy, Greece, Netherlands, Ireland and UK.
waters

Total: 19 Summary: For TTX all categories score high, and no specific category is

driving the total score.

Figure 1. Chemical structure of TTX (Lago et al., 2015).

Table 2. Palytoxin (PITX)

Category No. | Score Narrative
Monitoring 5 No monitoring | There is currently no monitoring of PITX in the UK or EU.
Human case | § Documented Documented cases of human intoxications and fatalities
reports cases of (EFSA, 2009b; CEFAS, 2014; FSAI, 2016; Otero and Silva,
human 2022). Symptoms include myalgia and weakness, possibly
intoxications accompanied by fever, nausea and vomiting, and
and fatalities rhabdomyolysis, characterised by injury to skeletal muscle,
muscle breakdown and leakage of myocytes into plasma.
Renal failure and disseminated intravascular coagulation.
Skin, eye and respiratory irritation. Death.
Toxicity 5 Causes severe | PITX is neurotoxic (LDso oral administration 510—767 pg/kg
neurotoxic bw in mice and 40 pg/kg bw in rat).
effects with
low LDso
Occurrence | 2 Detected in Detected at 300—625 pg/kg in shellfish meat. Detected in
Northern EU France, Greece, Italy and Spain.
waters
Total: 17 Summary: For PITX all categories except occurrence scored high. Only

the detection of PITX in northern EU, rather than the UK,
prevents the maximum score.

12
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Figure 2. Chemical structure of PITX (Ramos and Vasconcelos., 2010).

Table 3. Brevetoxin (BTX)

Category No. | Score Narrative
Monitoring 4 Limited BTX is not routinely monitored; however, the IFREMER
monitoring conducted a five-year monitoring program of unregulated
marine biotoxins between 2018 and 2022 which included
BTX.
Human case | 3 Documented A few hundred intoxications reported (EFSA, 2010b; CEFAS,
reports cases of 2014; ANSES, 2021). Symptoms include nausea, vomiting,
human diarrhoea, paraesthesia, cramps, bronchoconstriction,
intoxications paralysis, seizure and coma. No human fatalities or
persistent symptoms reported.
Toxicity 4 Causes severe | BTX is neurotoxic (LDso oral administration 520-6600 pg/kg
neurotoxic bw in mice). BTX was ranked one lower than other
effects with neurotoxins (TTX, SPX, and PITX) as the LDso range for BTX
relatively high | is several folds higher than other neurotoxins.
LDso
Occurrence 2 Detected in Recent report of BTX-2 and BTX-3 detected in mussels in
Northern EU France (82—-345 pg/kg).
waters
Total: 13 Summary: For BTX no maximum scores for categories were given. The
severe neurotoxic effects and lack of monitoring drive the
score. However, occurrence data on BTX in northern EU was
available, as well as reports of human intoxications but no
deaths, overall, lowering the total score.

13
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Figure 3. Chemical structure of BTX1 (A) and BTX2 (B) (Vilarifio et al., 2018).

Cyanotoxins

34.  Cyanotoxins are a diverse group spanning a variety of chemical structures
produced by different species and genera of cyanobacteria. MCs are the only class
of cyanotoxins with information available for all categories of the risk ranking process
(Figure 4). An attempt was made to risk rank other classes of cyanotoxins but due to

insufficient data this was not possible.

Figure 4. General structure of MCs where X and Y are variable amino acids at
positions 2 and 4 respectively (Lad et al., 2022)

14
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Table 4. Microcystin (MC)

Category No. | Score Narrative
Monitoring 4 Limited MC is not routinely monitored; however, the IFREMER
monitoring conducted a five-year monitoring program of unregulated
marine biotoxins between 2018 and 2022 which included MC.
Human case | § Documented Fatalities due to MC exposure have been reported (Testai,
reports cases of 2016; WHO, 2020). Symptoms include gastroenteritis,
human intrahepatic haemorrhage and death.
intoxications
and fatalities
Toxicity 3 Causes MC most commonly causes gastroenteritis but also
gastro- hepatotoxicity (MC-LR LDso oral administration 5-10.9 mg/kg
intestinal bw in mice and in rats > 5 mg/kg bw).
effects with
low to
moderate LDso
Occurrence | 3 Rarely Detected in Northern Ireland (Lough Neagh) and France.
detected in UK | Reported at 45—-142 ug MC-LR/kg fresh weight in saltwater
waters mussels from Greece.
Total: 15 Summary: Reported fatalities from MC exposure, the lack of monitoring

and detection in the UK albeit rare all drive the score. Only its
lesser toxicity lowers the score.

Cyclic imines (Cls)

Table 5. Spirolides (SPX)

Category No. | Score Narrative
Monitoring 4 Limited SPX is not routinely monitored; however, the IFREMER
monitoring conducted a five-year monitoring program of unregulated
marine biotoxins between 2018 and 2022 which included
SPX.
Human case | 1 No No documented cases of human intoxications for SPX.
reports documented
cases
Toxicity 5 Causes severe | SPX is neurotoxic (LDso oral administration 53—1000 ug/kg
neurotoxic bw in mice).
effects with
low LDso
Occurrence | 4 Occasionally Found in shellfish in France, Norway, Spain and ltaly. A
detected in UK | recent report (Alexander et al., 2024) found SPX-1 and 20-
waters Me-SPX G in bivalve molluscs across the UK at maximum
concentrations of 13.4 ug/kg and 51.4 pg/kg respectively.
Total: 13 Summary: For SPX the main driver is neurotoxicity followed by

occasional occurrence in the UK but a lack of routine
monitoring. The absence of human case reports lowers the
score substantially.

15
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Spirolide 23
(SPX) R, R, R; Ry A MW
SPX A H CH; CH; H A* 691
SPX B H CH; CH; H i 693
SPX C CH; CH; CH; H A» 705
SPX D CH; CH; CH; H i 707
13-desmethyl SPX C CH; H CH; H A‘f 691
13,19-didesmethyl SPX C CH; H H H A 677
13-desmethyl SPX D CH; H CH; H 693
27-hydroxy 13,19- 23
didesmethyl SPX C CH;, H H CH A 691
SPXE H CH; CH: H A¥Y 709
SPXF H CH; CH; H 711
SPX G H 691
20-methyl SPX G CH; 705

MW: molecular weight; A*~: Double bond between C2-C3

Figure 5. Chemical structure of SPXs (EFSA,2010a).

Table 6. Gymnodimine (GYM)

Category No. | Score Narrative
Monitoring 4 Limited GYM is not routinely monitored; however, the IFREMER
monitoring conducted a five-year monitoring program of unregulated
marine biotoxins between 2018 and 2022 which included
GYM.
Human case | 1 No No documented cases of human intoxications for GYM .
reports documented
cases
Toxicity 4 Causes severe | GYM is neurotoxic (GYM-A LDso oral administration 755—
neurotoxic 4057 pg/kg bw in mice). GYM is ranked one lower than other
effects with neurotoxins (TTX, SPX, and PITX) as the LDso range for
relatively high | GYM-Ais several folds higher than the other neurotoxins.
LDso
Occurrence 2 Detected in Recent reports of GYM-A detected in shellfish from France in
Northern EU IFREMER.
waters
Total: 11 Summary: For GYM the main drivers of the score are the lack of
monitoring and its severe neurotoxic effects. The absence of
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human case reports and its detection in the EU but absence
in the UK lowers the overall score.

Gyrén(;;(ll\?)lme R, R, MW
GYMA H -® 507
GYMB H OH 523
GYMC OH H 523

(a): Double bond between C17-C18; MW: molecular weight

Figure 6. Chemical structures of GYMs (EFSA, 2010a).

Discussion

35.  The risk ranking method was applied to six emerging marine biotoxins,
allocating each a score of 1-5 points according to four different categories, i.e.,
monitoring, human case reports, toxicity and occurrence data. A maximum possible
score of 20 points could be achieved indicating the highest possible risk. An

overview of the rankings has been provided in Table 7.

Table 7. Summary table of risk rankings generated for each of the six groups of

emerging marine biotoxins according to four categories (maximum score of 20).

Toxin Score M T H (@)
TTX 19 4 5 5 5
PITX 17 5 5 5 2
MC 15 4 3 5 3
SPX (CI) 14 4 5 1 4
BTX 13 4 4 3 2
GYM (CI) 11 4 4 1 2

M = Monitoring; T = Toxicity; H = Human case reports; O = Occurrence; Cl = Cyclic

imine.

36.  This process provided a priority list for the six emerging marine biotoxin

groups, ranking them according to their potential risk to human health in the UK.
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37. TTXand PITX were ranked as high risk due to their neurotoxic endpoints
observed in animal studies and case reports of human fatalities from intoxication.
Both scored high due to a lack of monitoring; however, PITX has not yet been

detected in UK waters or shellfish and therefore scored lower than TTX overall.

38.  Although the toxicological data for MCs reported moderate adverse health
effects including gastroenteritis and hepatoxicity, they rank third, which puts their
score ahead of other marine biotoxins with more severe neurotoxic endpoints. The
reason for MCs higher score were the reports of human fatalities after intoxication,
while there were only reports of intoxications reported for BTX (no fatalities) and no
reports for Cls, SPX and GYM. The detection of MCs in Lough Neagh Northern
Ireland also contributes to the higher risk of MC compared with BTX and GYM, which
have both only been reported in northern EU.

39. SPXranks fourth above BTX despite there being no reported human cases of
SPX exposure (compared to BTX with reported intoxications). Both are neurotoxic in
animal studies; however, the LDso measured in animal studies was several folds
higher for BTX than SPX. In addition, while BTX has only been reported in France,
SPX has recently been detected in shellfish across the UK, resulting in a slightly

higher overall score for SPX.

40. GYM achieved the lowest score due to the absence of any published reports
of intoxication in humans. In addition, the occurrence score for GYM was low

because it has only been reported in France.

41.  While there are no tied scores, the COT agreed that in the instance of a tied
score, human data should be prioritised, followed by toxicology/experimental animal
data, and lastly occurrence data. This approach was considered most conservative

for protecting consumers.

Uncertainties

42.  The key challenge in risk ranking these emerging marine biotoxins was the

lack of toxicological/lhuman data and occurrence data in UK waters. Most of the
18
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toxins are not routinely monitored, in the UK or other EU countries, and therefore it is
unclear whether these biotoxins could already be in UK waters. This adds
considerable uncertainty when considering the prioritisation of toxins posing the

greatest risk to the UK population.

43. Climate change and rising sea temperatures are a potential concern when it
comes to the occurrence of marine biotoxins. However, due to the extremely limited
available data, especially for the UK, the extent to which this has influenced current

occurrence levels or will affect future biotoxin distribution remains unknown.

44.  The potential under-reporting of intoxications, especially in individuals
suffering from mild to moderate adverse health effects such as nausea and vomiting,
could lead to underestimation of the risk associated with a particular biotoxin,
resulting in a lower risk ranking. Given the severity of neurotoxic effects, under-
reporting is less likely for these endpoints, but under-reporting may be a particular
problem for gastrointestinal symptoms. There is also considerable uncertainty
whether reported adverse health effects were caused by one specific biotoxin, or a
combination of biotoxins or other potential complications. In many cases, data on the
specific marine biotoxin to which a subject had been exposed was lacking. Reports
of mild or moderate health effects were likely not monitored in the long term so
symptoms could have persisted, worsened, or other issues could have arisen later

that were not directly thought to be associated with the biotoxin.

45.  Toxicity data was limited for all emerging marine biotoxins discussed in this
statement. LDsos from a limited number of animal studies were used to help
distinguish risk profiles; however, the small number of studies limited the reliability of
the risk estimation and added further to the overall uncertainty of the rankings. The
animal studies also focused on acute effects meaning there was very limited
information on potential chronic effects of biotoxins. The limited available animal and
human evidence on both emerging and regulated biotoxins, does indicate that
measures to protect against acute effects also protect against chronic effects.
However, a level of uncertainty remains around the potential chronic health effects of

marine biotoxin exposure.
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46. Insufficient toxicological data also meant that HBGVs could not be derived
and reliable estimates of exposure to emerging marine biotoxins could not be

conducted.

47.  The approach proposed here to risk rank individual emerging marine biotoxins

cannot account for the possibility of exposure to multiple toxins.

48.  For cyanotoxins there was a substantial lack of data for all except MCs;
cyanotoxins were not included in this risk ranking. Sufficient data were not available
to apply a read-across method. Hence, it is unclear whether or how cyanotoxins may

contribute to the reported adverse effects of MC.

Conclusions

49. The FSAis reviewing its current advice and monitoring programme for marine
biotoxins to determine whether updates to existing legislative standards are
necessary. To support this, the views of the COT were sought to ascertain the
potential risks posed by emerging marine biotoxins to human health. The COT
recommended using a numerical risk ranking method to provide the FSA with robust

evidence to help inform any decisions on revising legislative standards.

50.  The risk ranking, which comprises numerical scores provided alongside a
narrative, successfully distinguishes between higher risk biotoxins, notably TTX and
PITX, and lower risk biotoxins such as SPX, BTX and GYM.

51.  The risk ranking was subject to the following uncertainties: (1) the absence of
routine monitoring, meaning that it was unclear whether emerging biotoxins are
already present in UK waters or shellfish; (2) potential underreporting of human
intoxications, especially in cases with only mild to moderate symptoms such as
gastrointestinal effects; (3) a lack of detail on human reports such as complicating
factors, co-occurrence of biotoxins and persistent symptoms; (4) the LDsos used to
distinguish toxicity profiles were based on a limited number of studies (5) limited
toxicological data precluded the derivation of HBGVs. The lack of a clear benchmark
for estimated exposures limits the scope for drawing clear conclusions on current

risks to public health.
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52.  Despite these uncertainties the risk ranking, alongside the narrative, provides
a priority list of emerging biotoxin groups to support decision making. It is important
to note that the risk ranking was based on limited knowledge and that, as more
information becomes available, knowledge concerning the risks associated with

these marine biotoxins could change.

COT Statement

2025/02
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List of Abbreviations and Technical terms

Acronym Definition

AFBI Agri-Food and Biosciences Institute

ANSES Environmental and Occupational Health and Safety

ASP Amnesic shellfish poisoning

ATX Anatoxin

AZA Azaspiracid

BMAA B-methylamino-L-alanine

BTX Brevetoxin

Cefas Centre for Environment, Fisheries and Aquaculture
Science

Cl Cyclic imine

COT Committee on Toxicity of Chemicals in Food, Consumer
Products and the Environment

CRLMB Community Reference Laboratory for marine biotoxins

CYN Cylindrospermopsin

DA Domoic acid

DSP Diarrhetic shellfish poisoning

EFSA European Food Safety Authority

EU European Union

EURL EU Regulatory Reference Laboratory

FSA Food Standards Agency

FSAI Food Safety Authority Ireland

GB Great Britain

GYM Gymnodimine

HBGV Health-based guidance value

IFREMER French Research Institute for Exploitation of the Sea

LDso Lethal dose

MC Microcystin

NRL National Reference Laboratory

OA Okadaic acid
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OATP Organic anion transport proteins
oC Official control

oL Official laboratory

PITX Palytoxin

PnTX Pinnatoxin

PSP Paralytic shellfish poisoning
PtTX Pteriatoxin

PTX Pectenotoxin

SPX Spirolide

STX Saxitoxin

TTX Tetrodotoxin

UK United Kingdom

WHO World Health Organisation
YTX Yessotoxin
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