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future.
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ALL TOXINS HAVE 

BEEN AT SOME TIME 

“EMERGING TOXINS”

All art has been contemporary. Maurizio Nannucci



Marine toxins, ASP:



Ciguatera:



Disciplinary, multidisciplinary, interdisciplinary and transdisciplinary strategies

Mayes et al, 2023

Quantitative Plant Biology



ASP, Neurotoxicity of Domoic Acid:



ASP first description:



ASP first description:



ASP first description, multi-task force. Transdisciplinarity:



ASP first description, Domoic Acid identification:



ASP first description, Domoic Acid identification:



ASP first description, Domoic Acid identification and toxicity in mouse:



ASP first description, phytoplankton link:
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ASP first description, Epidemiology:



ASP first description, Epidemiology:



Ciguatera versus ASP:

1/12/1987 1/08/1988

1950 2024

1520 2024



ASP, further advancement:



ASP, further advancement:



ASP, further advancement:



Ciguatera:



Azores

Madeira

Canaries

Cabo Verde

Annobon



Fall 1525

Urdaneta, 1580



Probably, the first report of a 
ciguatera case dates from 1525, 
from the Gulf of Guinea and affected 
the crew of a Spanish vessel 
(second trip to the Pacific through 
the Magallanes Strait).

“En esta ysla se pesco un pescado en la nao capitana muy fermoso q^ llama^ 

picuda y el capita^ Jeneral côbido algunos de los capitanes e oficiales del Rey y 

todos los q^ comiero^ de la picuda cayeron^ malos de camaras q^ seyba^ sî

sêtir q^ pensamos q^ muriera^ enpero quiso n^tro criador que guaresciero^ 

todos”

“On this island a splendid fish was fished on the captain boat that is called

barracuda and the General Captain invited some of the captains and officials of 

the King and all who ate part of the barracuda had diarrhea, were losing sense

and we thought they were dying but our Creator decided that all should recover”

Urdaneta, 1580

(Santi Fraga)



1948





Chronology of appearance of the principal 

symptoms of Ciguatera

Chinain, Gatti, Darius, 2013

Bulletin de Veille Sanitaire





Gamberdiscus spp Macaronesia:

50μm





- First identification of ciguatoxins in shark (Carcharhinus leucas,
bull shark – Madagascar)

- New CTX analogues: I-CTX-5 & I-CTX-6

- First identification of gambieric acid in fish.



- Occurred in November 2013 in Fenerive-
Est, Madagascar

- 94 people poisoned, 11 of whom died

- Ciguatera symptoms : neurological and
digestive signs.

- After eating the flesh, the liver, the head,
and part of the viscera of a bull shark
(Carcharinus leucas).

Rabenjarison, F. et al. Ciguatera poisoning after consumption of shark in Fenerive-Est: epidemiological and clinical aspects and laboratory results.
Revue d’Anesthésie-réanimation, Médecine d’Urgence et Toxicologie 8 (1), 9–12 (2016). ISSN 2225-5257. Accessible online at
http://rarmu.org/publications/8(1)/full_text/8(1)9-12.pdf.

http://rarmu.org/publications/8(1)/full_text/8(1)9-12.pdf


• Gather epidemiologic information of the poisoning event
• Confirm species of shark and individual

• Processing shark tissues: toxin extraction

• CTX screening by CBA

• Analysis of shark tissues by MBA

• List symptoms in mice

• Confirmation and quantification of CTXs  by LC-HRMS

• Stomach chromatographic fractionation
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Example of a chromatogram for samples A565_4 and A565_5 
for the microsatellite locus Cl11. Black peaks represent alleles 
with allele sizes indicated by the labels.

Assignment test (STRUCTURE software) for shark species 
identification. Each bar on the x-axis represents one individual 
and the y-axis represents the probability to belong to one or 
another cluster. The multilocus genotypes of the unidentified 
shark samples (presumed to be bull shark) were used in 
assignment with other bull shark individuals (from Pirog et al. 
2015) and other carcharinid species that successfully amplified 
the loci used (Carcharhinus obscurus or Carcharhinus 
plumbeus). We found two clusters: the red one corresponds to 
other shark species and the green one corresponds to bull 
shark individuals. The unidentified samples clustered with the 
bull shark cluster.

Same individual of Carcharhinus leucas

Species and individual confirmation:



Crude extract
MBA

(µg P-CTX-1 equiv./kg tissue)

CBA

(µg P-CTX-1 equiv./kg tissue)

LC-ESI-HRMS (µg P-CTX-1 equiv./kg tissue)

I-CTX-1&2 I-CTX-3&4 Σ I-CTXs

flesh n.q. 0.06 n.d. n.d. n.d.

stomach 83 92.78 6.54 9.74 16.28

fin 1 - 0.12 - - -

fin 2 - 0.79 n.d. n.d. n.d.

fin 3 - 0.17 - - -

Concentration of P-CTX-1 equiv./kg tissue in crude stomach, flesh and fin extracts as determined by 
mouse bio-assay (MBA), Neuro-2a cell-based assay (CBA) and liquid chromatography coupled to 
high resolution mass spectrometry (LC-ESI-HRMS).

CTXs quantification:
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CTXs extraction:
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CBAs toxicity evaluation in crude extracts:



- LC: Hypersil Gold, 1.9um, 50x2.1 mm
- 200 ul/min
- Orbitrap Exactive-HCD
- Resolució 50000 (2Hz)
- Full scan: 400-1500Da
- ESI +

y = 13870x - 73045
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Linearity range P-CTX-1
12.5-25-50-100 ppb
-Quantification: 
P-CTX-1+NH4++Na+

P-CTX-1 100 ppb Orbitrap-Exactive
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Standard CTX-1B:
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LC-HRMS I-CTX-3&4 (Stomach, crude):



Dissolved CTXs:



Dissolved CTXs:



International/National/Regional 

approaches:

Pacific Tahiti

No official methods

No maximum permitted levels

CBA-N2a and Receptor Binding Assay (RBA), and are 

presently working on the implementation of the fluorescent 

RBA

Existing monitoring programmes for CTXs in fish and 

Gambierdiscus spp. on a contract basis (not permanent) : 

e.g Raivavae Island, case recording and incidence, 

community interviews, fish, Gambierdiscus spp. densities, 

toxin evaluation, risk ranking.

Monitoring for Gambierdiscus spp:



CTXs, Guadeloupe, Caribbean:



- 2010-2012 35 Ciguatera Fish poisoning
events affecting 87 individuals.

- For 12 of these events the meal remnants
or uncooked fish was available

- Epidemiological data were recorded for
each patient

- In some cases, the estimated amount of
food was available

CTXs, Guadeloupe, Caribbean:



The Neuro-2a CBA applied to risk characterization: LOAEL for CTXs in an epidemiological study
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The Neuro-2a CBA applied to risk characterization: LOAEL for 

CTXs in an epidemiological study
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Variola louti

Lutjanus bohar

Thyrsitoides marleyi
polyHRP-streptavidin

10C9 mAb

CTX3C

Magnetic bead

8H4 mAb-biotin

3G8 mAb

Electrode array

Reduced 

mediator

Oxidised 

mediator

Magnet

CTX1B

CTX detection with antibodies:



HABs and Climate Change
- Uncertainty on the potential impact CC may present on HABs.

- Several communities / species of phytoplankton and benthic microalgae 
(HAB related and not HAB related) can be affected by factors affected by 
CC: Temperature, pH, sea rise, precipitation and freshwater runoff 
(including nutrient balance) for example.

- Additional influence of Global Change 
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Ciguatera versus ASP:

1/12/1987 1/08/1988

1950 2024

1520 2024



ASP and CIGUATERA AWARENESS:

IMPACT CIGUATERA ASP

Awareness 1520 1987

Research 1950's 1958/1987

Definition of case SEVERAL YES

Present epidemiological records HIGH SCARCE

Effective dose UNCERTAIN CONSENSUS

Chronic effects YES YES

Effect on fauna LOW? HIGH

Massive environmental impact DUBIOUS HIGH

Climate change implications YES YES

TOXINS

Causative toxins SOME YES

Toxin structures SOME YES

Complexity of toxin family HIGH LOW

Toxin mechanism of action SOME YES

Toxicity equivalent factors among toxin analogues SOME SOME

TOXIN PRODUCERS AND WEBS

Toxin production organisms COMPLEX SIMPLE

Ecology of toxin producer organisms COMPLEX COMPLEX

Toxin transfer within the food webs COMPLEX SIMPLE

Variety of toxic seafood HIGH LOW

TOXIN ANALYSIS CIGUATERA ASP

Availability of standards SOME YES

Availability of certified standards NO YES

Availability of reference material SCARCE YES

Validated toxin extraction method NO YES

Consensus on analytical method SOME YES

Validated analytical method NO YES

MANAGEMENT

Regulation SCARCE YES

Maximum permitted level NO YES

Guidance levels SOME YES

Official method NO YES

Monitoring programmes for toxin producing organisms SCARCE YES

Monitoring programmes for toxins in seafood SCARCE YES



Thank you !



Otherwise… run and hide!

Marine toxin recognition 

strategies 

Preventive measures.

Identify risks ahead: toxin producing 

microorganisms, involved toxins, toxins in 

fish, fish distribution, sentinel species, 

reference stations, temporal distribution

Clinical and epidemiology: case 

descriptions, awareness by the medical 

community, report, gather data, gather 

and preserve food samples and patients 

biological samples. 

Analysis and research: Well-equipped 

laboratories, skilled analysts, set-up 

analytical methods for different matrixes, 

consider international collaborations 

ahead. 


