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OPINION** 
of the French Agency for Food, 

Environmental and Occupational Health & Safety (ANSES) 
 

on the health risk assessment related to the consumption of two shark species on Reunion 
Island, especially regarding the risk related to ciguatoxins 

 

ANSES undertakes independent and pluralistic scientific expert assessments. 
ANSES primarily ensures environmental, occupational and food safety as well as assessing the potential health risks 
they may entail. 
It also contributes to the protection of the health and welfare of animals, the protection of plant health and the evaluation 
of the nutritional characteristics of food. 

It provides the competent authorities with all necessary information concerning these risks as well as the requisite 
expertise and scientific and technical support for drafting legislative and statutory provisions and implementing risk 
management strategies (Article L.1313-1 of the French Public Health Code).  

Its opinions are made public. 
This opinion is a translation of the original French version. In the event of any discrepancy or ambiguity the French 
language text dated 6 August 2014 shall prevail. 

 

1. BACKGROUND AND PURPOSE OF THE REQUEST 

Since 1966, the French département of Reunion Island has been covered by a specific regulation 
(by prefectoral order) which restricts or prohibits the marketing of certain species of fish because of 
the risk of poisoning by marine biotoxins, especially ciguatoxins. Since 1999, the list of these 

species of fish has included most shark species, including those of the Carcharhinidae family. 

The Prefect of Reunion Island requested the Directorate General for Food (DGAL) to commission a 
reassessment of the risk related to two shark species whose consumption is currently prohibited by 
the prefectoral order. These are the tiger shark (Galeocerdo cuvier) and the bull shark 
(Carcharhinus leucas). 

In order to acquire data on the contamination of these two shark species by ciguatoxins, the 
services of the prefecture of Reunion Island launched a campaign in 2012 to test 12 specimens per 
species for ciguatoxins by means of a mouse bioassay. This sampling campaign was extended in 
2013 with a goal of 45 additional specimens per species.  
To date, 24 specimens have been analysed for ciguatoxins by mouse bioassay and five of them 
have also been analysed for heavy metals (lead, cadmium and mercury). 

On 14 October 2013, ANSES received a formal request from the DGAL to answer the following 
questions: 

Question 1: What is the current state of knowledge on contamination of shark flesh by 
ciguatoxins, especially tiger and bull sharks? Have any cases of food poisoning 
associated with the consumption of sharks already been reported? 

 

** revised Opinion cancelling and superseding the previous Opinions of 9 July 2014 and 6 August 2014. 
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Question 2:  What are the analytical methods currently applicable for detecting and quantifying 
ciguatoxins in shark flesh? Can the results from these methods be used to assess 
the health risks related to a possible authorisation of these species for human 
consumption in this area?  

In the event that ANSES should identify a sufficiently reliable method for testing 
shark flesh for ciguatoxins, what data would be necessary to carry out this 
evaluation and what recommendations could be made regarding the protocol for 
sampling tiger and bull sharks on Reunion Island? Particular consideration shall be 
given to the geographical area concerned and the ethology of these two shark 
species in terms of the extent of their movements in the marine areas around 
Reunion Island. 

Question 3:  In 2006 and 2009, the Agency published Opinions on the consumption of pelagic 
predator fish at Reunion Island and the health risk related to methylmercury. Do the 
new analyses of shark specimens in 2013 give cause for revising the conclusions of 
these Opinions? 

 

2. ORGANISATION OF THE EXPERT APPRAISAL 

The expert appraisal was carried out in accordance with the French standard NF X 50-110 "Quality 
in Expertise – General Requirements of Competence for Expert Appraisals (May 2003)”.  

The assessment lies within the sphere of competence of the Expert Committee (CES) on 
"Assessment of the physical and chemical risks in food" (CES ERCA). ANSES entrusted the 
examination of this request to the Working Group on "Ciguatoxins", formed by a decision dated 19 
December 2013, for Questions 1 and 2 relating to ciguatoxins. Concerning Question 3, relating to 
the Agency's earlier work on the health risks related to methylmercury, a study originally carried 
out by ANSES internally, by the Risk Assessment Department, was presented to the CES ERCA 
on 26 June 2014. The methodological and scientific aspects of the Group’s work were submitted to 
the CES ERCA in plenary meetings on 19 November 2013, 17 March 2014, 14 April 2014 and 26 
June 2014. All the work was adopted by the CES ERCA in a plenary meeting on 26 June 2014 and 
electronically on 3 July 2014. An updated version of the documents was adopted by the Chair of 
the CES ERCA by electronic means on 25 July 2014, following the receipt of additional information 
on 21 July 2014. 

ANSES analyses interests declared by experts before they are appointed and throughout their 
work in order to prevent risks of conflicts of interest in relation to the points addressed in expert 
appraisals. The declarations of interest by experts are made public via the ANSES website 
(www.anses.fr). 
 

3. THE CES’S ANALYSIS AND CONCLUSIONS 

The Expert Committee on "Assessment of the physical and chemical risks in food" (CES ERCA) 
adopted the report of the collective expert appraisal produced by the "Ciguatoxins" Working Group 
which is annexed to this Opinion, a summary of which is presented below. 

■ Question 1 concerning the current state of knowledge about contamination of shark 
flesh by ciguatoxins, especially tiger and bull sharks, and any cases of food poisoning 
associated with the consumption of shark flesh 

A review of the scientific literature and more widely a search on the internet enabled the Working 
Group to identify and describe in its report cases of food poisoning associated with the 
consumption of shark (flesh and/or liver) from the 19th century to the present day. Cases, 
sometimes fatal, have been reported in New Caledonia, the Cook Islands, the Gilbert Islands, 
French Polynesia, Madagascar (particularly in November 2013 and February 2014) and Reunion 
Island (in 1993). The tiger shark was the species implicated in the Gilbert Islands. This species has 

http://www.anses.fr/
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been described in the literature as "ciguateric", on the basis of data collected in Samoa, Fiji and 
Mascarene Islands (the Mascarene Islands are an archipelago in the Indian Ocean made up of 
three main islands, Reunion Island, Mauritius and Rodrigues Island, as well as several small 
nearby islands). In Madagascar, flesh from a tiger shark has been associated with at least one 
case of food poisoning reported in the literature, and flesh from a bull shark with two cases. 
Genetic analysis of the shark involved in the food poisoning that occurred in November 2013 
concluded that it was a bull shark. 

The symptoms observed in these food poisoning incidents associated with the consumption of 
sharks correspond to the characteristic symptoms of ciguatoxins, a family of toxins produced by a 
micro-algae of the genus Gambierdiscus. However, some authors suggest that other toxins with 
similar properties, known as carchatoxins, might be responsible, but their structure has not yet 
been characterised. More than 175 different symptoms have been identified in acute and chronic 
phases of ciguatera (the name given to poisoning by ciguatoxins). Regional differences have been 
noted and can be attributed to the presence of different ciguatoxins. Ciguatoxins have thus been 
classified into Pacific, Caribbean or Indian Ocean groups. It cannot be ruled out that carchatoxins 
could be new analogues of ciguatoxins, for example highly oxidised forms. 

Other data concerning the contamination of sharks (flesh or liver), in particular of tiger and bull 
sharks, by ciguatoxins (or similar toxins) were collected and reviewed in the WG's report. These 
data were found in studies carried out between the 1960s and the 1980s, based on mongoose 
bioassays. 

 On the basis of these elements, the CES ERCA believes that it is appropriate to take into 
account not only ciguatoxins but also another type of toxin, specific to certain shark species, 
currently known as carchatoxins. 
 

■ Question 2 concerning the analytical methods 

The analytical methods for the detection and quantification of ciguatoxins in the flesh of sharks 
were identified and are described in the report of the Working Group. These methods include: tests 
on animals, in particular the mouse bioassay, the assay using neuroblastoma cells (Neuro-2a), the 
radioligand receptor binding assay (RBA), immunological tests and physico-chemical methods, 
including liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS).  

 After considering the strengths and weaknesses of the available analytical methods in the light 
of the complexity and diversity of the toxins that make up the family of ciguatoxins (ciguatoxins 
from the Pacific, the Caribbean and the Indian Ocean), the CES ERCA recommends using a 
combination of the following techniques: 

- a mouse bioassay, to find any overall toxicity in the sample; 
- a cytotoxicity assay on Neuro-2a cells and/or a test on receptors, which both have higher 

specificity and greater sensitivity than the mouse bioassay; 
- an analysis by LC-MS/MS, to try to confirm the presence of known ciguatoxins in the case 

of positive results by one of the above methods. 

The data thus produced could then be used in a health risk assessment for consumers. 
 

 Concerning the tiger and bull sharks sampled at Reunion Island in 2012 and 2013 

The results of mouse bioassays for ciguatoxins of 24 samples of shark flesh were sent to ANSES 
as part of the Request from the DGAL. They were all negative. However, this test is not sufficiently 
sensitive to detect concentrations of ciguatoxins considered to be of no risk to humans. 

Considering the previous recommendations on the analytical methods, the CES ERCA believes 
that analysis by mouse bioassay alone does not produce sufficiently reliable results to conclude 
that the 24 shark specimens were safe for consumption as regards the presence of ciguatoxins.  
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ANSES therefore contracted a research and development agreement (RDA) with ARVAM (Agency 
for Research and Marine Exploitation, Reunion Island), in collaboration with IRTA (Instituto de 
Investigación y Tecnología Agroalimentaria, Spain) for these samples to be analysed by 
cytotoxicity assays on Neuro-2a cells. The final report was submitted to ANSES on 21 July 2014. 

The results did not show ciguatoxin-like toxins to be present above the limit of detection of 0.04 µg 
eq. P-CTX-1 kg-1 of flesh. It should be noted that the detection limit is higher than the concentration 
considered to be of no risk to humans, which is 0.01 µg eq. P-CTX-1 kg-1 of fish flesh. 

The RDA also included samples from the bull shark implicated in an outbreak of food poisoning 
that occurred in Madagascar in November 2013 (124 people intoxicated, nine of whom died) for 
analysis by mouse bioassay and by cytotoxicity assay on Neuro-2a cells. The sample of flesh gave 
a positive result by mouse bioassay, with symptoms typical of those known for carchatoxins 
(prostration, dyspnoea, cyanosis, convulsions and death by respiratory arrest). The analysis of a 
sample of flesh, a sample of stomach and three samples of dried fin by cytotoxicity assays on 
Neuro-2a cells concluded that ciguatoxin-like toxins were present, with concentrations estimated 
as follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg-1 (i.e. 14 times the concentration considered to be of no 
risk to humans); 

- Stomach: 114 µg eq. P-CTX-1 kg-1 (i.e. 11,400 times the concentration considered to be of 
no risk to humans); 

- Dried fin: 0.145 µg eq. P-CTX-1 kg-1; 0.158 µg eq. P-CTX-1 kg-1; 0.737 µg eq. P-CTX-1 kg-1 
(i.e. 14 to 74 times the concentration considered to be of no risk to humans).  

 

■ Question 2 concerning a protocol for sampling tiger and bull sharks in Reunion Island 

In order to answer this question, the Working Group collected information concerning the ethology 
of tiger and bull sharks in the marine areas around Reunion Island, based in particular on the 
preliminary results obtained by the CHARC programme (on the ecology and habitat of two species 
of coastal sharks on the West Coast of Reunion Island). 

These sharks are apex fish-eating predators, able to feed on different species. At Reunion Island 
they principally show a fidelity to certain specific sites, but are able to colonise a very wide range of 
different habitats and to travel over long distances, even as far as Madagascar where food 
poisoning outbreaks associated with the consumption of shark flesh have been reported recently 
(November 2013 and February 2014). It would be particularly interesting to know whether these 
sharks also travel from Madagascar to Reunion Island. Nothing is currently known about either the 
origin or the dynamics of bioaccumulation of these toxins in sharks. In addition, knowledge of the 
lifestyle of these two shark species and their population dynamics is very fragmentary and 
inadequate.  

 In the absence of information on the size and structure of the populations of tiger and bull 
sharks in the marine areas around Reunion Island and considering the gaps in our knowledge of 
their feeding behaviour and their movements in the Indian Ocean, it is not possible to provide 
recommendations for a protocol for sampling sharks by which to assess the risks related to a 
possible authorisation of these species for human consumption, as regards the ciguatera risk. 
 

■ Question 3 concerning the health risks related to methylmercury 

The results of the analyses of five samples of shark flesh for lead, cadmium and mercury 
transmitted to ANSES as part of the Request by the DGAL, are presented in Table 1. It can be 
seen that four out of five (i.e. 80%) of the samples of shark flesh analysed have a concentration of 
mercury up to 2.5 times higher than the maximum limit set by Commission Regulation (EC) No 
1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs. 
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Table 1: Results of the analyses of five samples of shark flesh for lead, cadmium and mercury (ANSES CIME 
method), in mg/kg fresh weight. 

 Lead Cadmium Mercury 

No. 1 - Tiger shark < 0.040 mg/kg 0.013 mg/kg 1.075 mg/kg 

No. 2 - Tiger shark < 0.040 mg/kg 0.010 mg/kg 0.966 mg/kg 

No. 3 - Bull shark < 0.04 mg/kg 0.014 mg/kg 1.598 mg/kg 

No. 4 - Bull shark < 0.04 mg/kg 0.017 mg/kg 2.514 mg/kg 

No. 5 - Bull shark < 0.04 mg/kg 0.011 mg/kg 1.132 mg/kg 

Maximum limit set by 
Regulation (EC) No 1881/2006 

0.30 mg/kg 0.05 mg/kg 1 mg/kg 

 

In its Opinion of 17 April 20091, the Agency reported the results of analyses of nine samples of 
shark flesh (porbeagle Lamna nasus and tope shark Galeorhinus galeus) from a control survey 
carried out in 2007. The mean concentration of mercury was 1.3 mg/kg of fresh weight; 44% of the 
samples exceeded the maximum limit of 1 mg/kg of fresh weight. 

In the light of these results, the Agency updated its recommendations with regard to the 
consumption of pelagic fish predators, in particular swordfish, on Reunion Island, in relation to the 
health risk related to methylmercury (Opinion of 6 July 20062) so as to include sharks in the list of 
fish species that should not be consumed by pregnant women or breastfeeding mothers, nor by 
infants (< 30 months). 

 The results of the analysis of five samples of shark flesh carried out in 2013 give no grounds for 
changing the Agency's recommendations. 
 

■ Conclusions of the CES 

The analysis of 24 samples of the flesh of tiger or bull sharks collected on Reunion Island in 2012 
and 2013, by mouse bioassay and by cytotoxicity assay on Neuro-2a cells, did not reveal the 
presence of ciguatoxin-like toxins above the limit of detection. It should be noted, however, that for 
these two tests the detection limit is higher than the concentration considered to be of no risk to 
humans, which is 0.01 µg eq. P-CTX-1 kg-1 of fish flesh.  

The analysis of a sample of the flesh from the bull shark implicated in an outbreak of food 
poisoning that occurred in Madagascar in November 2013 (124 people intoxicated, nine of whom 
died) gave a positive result by mouse bioassay with symptoms typical of those known for 
carchatoxins. The analysis of one sample of flesh, one sample of stomach and three samples of 
dried fin by cytotoxicity assay on Neuro-2a cells concluded that ciguatoxin-like toxins were present, 
with concentrations estimated at 0.144 µg eq. P-CTX-1 kg-1 in the flesh, 114 µg eq. P-CTX-1 kg-1 in 
the stomach and 0.145 µg to 0.737 µg eq. P-CTX-1 kg-1 in the fin. These concentrations are 14 to 
11,400 times the concentration considered to be of no risk to humans. 

In addition, the preliminary results of the CHARC programme have shown that the populations of 
tiger and bull sharks are not limited to the marine areas around Reunion Island and that one of the 
specimens (a tiger shark) tagged at Reunion Island moved to Madagascar. 

Accordingly, the CES ERCA considers that, in view of the data produced by the analysis of 
samples of flesh from 24 specimens of shark from Reunion Island and of samples from one 
specimen of shark from Madagascar, it is impossible to rule out the risk that sharks caught at 

                                            
1
 Opinion of the French Food Safety Agency of 17 April 2009 relating to the interpretation of the results of the analyses of 

the monitoring campaign for chemical contaminants in 2007, particularly the search for mercury in sea lamprey and the 
different species of Selachii (Request No. 2008-SA-0309). 
2
 Opinion of the French Food Safety Agency of 6 July 2006 on the consumption of pelagic fish predators, especially 

swordfish, on Reunion Island, in relation to the health risk related to methylmercury (Request No. 206-SA-0003). 
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Reunion Island could be contaminated by ciguatoxins (or similar toxins) in concentrations which 
could present a risk to the health of consumers. 

Furthermore, the analyses for mercury carried out in five samples of the flesh of tiger or bull sharks 
showed that in 80% of cases, the concentration was higher than the maximum limit set under 
Regulation (EC) No 1881/2006. The CES ERCA therefore maintains the recommendation issued 
by the Agency in 2009 that pregnant women, breastfeeding mothers and infants (< 30 months) 
should avoid, as a precaution, the consumption of shark, like that of swordfish, marlin, dogfish and 
sea lamprey. 

Finally, the CES ERCA supports the need for research identified by the Working Group (see the 
Report for details), focusing on:  

 the development of diagnostic tools for detecting the presence of ciguatoxins (or similar 
toxins, such as carchatoxins) in sharks, and a plan of action in case of intoxication by 
consumption of shark; 

 the identification of analogues of ciguatoxins or similar toxins (carchatoxins) in sharks in the 
Indian Ocean; 

 the toxicity of these toxins, their origin and how they are transferred to sharks; 

 the size and structure of shark populations in the Indian Ocean as well as their movements 
and the distances travelled. 

4. CONCLUSIONS AND RECOMMENDATIONS OF THE AGENCY 

The French Agency for Food, Environmental and Occupational Health & Safety adopts the 
conclusions of the Expert Committee on "Assessment of the physical and chemical risks in food". 

The Agency considers that it is not possible to rule out the risk that the tiger and bull sharks caught 
at Reunion Island could be contaminated by ciguatoxins (or similar toxins), especially following the 
analyses carried out on samples of the bull shark implicated in a recent outbreak of food poisoning 
(with fatal cases) that occurred in Madagascar, and taking into account the movements of these 
shark species between the two islands. 

In addition, the Agency reiterates that the consumption of shark, like that of swordfish, marlin, 
dogfish and sea lamprey should be avoided, as a precautionary measure, by the vulnerable 
populations of pregnant women, breastfeeding mothers and infants (< 30 months), because of the 
mercury levels found in these species. 

 

 

 

Marc Mortureux 

 

KEY WORDS 

Ciguatoxins, sharks, Reunion Island, methylmercury 

ANNEXES 

Report of the collective expert appraisal by the "Ciguatoxins" Working Group, State of 
knowledge on the contamination of sharks, especially tiger and bull sharks, by ciguatoxins: 
occurrence, analytical methods, human cases reported and ethological information for these 
two shark species, November 2014, 82pp. 

Tracking changes to the previous ANSES Opinions of 9 July 2014 and 6 August 2014. 



 
 
 

 
French Agency for food, environmental and occupational health and safety 
14 rue Pierre et Marie Curie, 94701 Maisons-Alfort Cedex - Telephone: + 33 (0)1 49 77 13 50 - Fax: + 33 (0)1 49 77 13 54 
www.anses.fr 

ANSES/PR1/9/01-06 [version b]           

ANSES Opinion 

Request No. 2013-SA-0198 

Tracking changes to the ANSES Opinion 

Date Version Page Description of the change (in blue, italic) 

24/11/2014 03 04 Text of 6 August 2014 

The analysis of a sample of flesh, a sample of oesophagus and three 
samples of dried fin by cytotoxicity assays on Neuro-2a cells concluded 
that ciguatoxin-like toxins were present, with concentrations estimated as 
follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg
-1

 (i.e. 14 times the concentration 
considered to be of no risk to humans); 

- Oesophagus: 114 µg eq. P-CTX-1 kg
-1

 (i.e. 11,400 times the 
concentration considered to be of no risk to humans); 

- Dried fin: 0.145 µg eq. P-CTX-1 kg
-1

; 0.158 µg eq. P-CTX-1 kg
-1

; 
0.737 µg eq. P-CTX-1 kg

-1
 (i.e. 14 to 74 times the concentration 

considered to be of no risk to humans).  

Revised text 

The analysis of a sample of flesh, a sample of stomach and three samples 
of dried fin by cytotoxicity assays on Neuro-2a cells concluded that 
ciguatoxin-like toxins were present, with concentrations estimated as 
follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg
-1

 (i.e. 14 times the concentration 
considered to be of no risk to humans); 

- Stomach: 114 µg eq. P-CTX-1 kg
-1

 (i.e. 11,400 times the 
concentration considered to be of no risk to humans); 

- Dried fin: 0.145 µg eq. P-CTX-1 kg
-1

; 0.158 µg eq. P-CTX-1 kg
-1

; 
0.737 µg eq. P-CTX-1 kg

-1
 (i.e. 14 to 74 times the concentration 

considered to be of no risk to humans).  

24/11/2014 03 05 Text of 6 August 2014 

The analysis of one sample of flesh, one sample of oesophagus and three 
samples of dried fin by cytotoxicity assay on Neuro-2a cells concluded that 
ciguatoxin-like toxins were present, with concentrations estimated at 0.144 
µg eq. P-CTX-1 kg

-1
 in the flesh, 114 µg eq. P-CTX-1 kg

-1
 in the 

oesophagus and 0.145 µg to 0.737 µg eq. P-CTX-1 kg
-1 

in the fin. 

Revised text 

The analysis of one sample of flesh, one sample of stomach and three 
samples of dried fin by cytotoxicity assay on Neuro-2a cells concluded that 
ciguatoxin-like toxins were present, with concentrations estimated at 0.144 
µg eq. P-CTX-1 kg

-1
 in the flesh, 114 µg eq. P-CTX-1 kg

-1
 in the stomach 

and 0.145 µg to 0.737 µg eq. P-CTX-1 kg
-1 

in the fin. 

25/07/2014 02 02 Text of 9 July 2014 

All the work was adopted by the CES ERCA in a plenary meeting on 26 
June 2014 and by electronic means on 3 July 2014.  

Revised text 

All the work was adopted by the CES ERCA in a plenary meeting on 26 
June 2014 and by electronic means on 3 July 2014. An updated version of 
the documents was adopted by the Chair of the CES ERCA by electronic 
means on 25 July 2014, following the receipt of additional information on 
21 July 2014. 
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25/07/2014 02 03 Text of 9 July 2014 

The results of mouse bioassays for ciguatoxins of 24 samples of shark 
flesh were sent to ANSES as part of the Request by the DGAL. They were 
all negative.  

Revised text 

The results of mouse bioassays for ciguatoxins of 24 samples of shark 
flesh were sent to ANSES as part of the Request by the DGAL. They were 
all negative. However, this test is not sufficiently sensitive to detect 
concentrations of ciguatoxins considered to be of no risk to humans. 

25/07/2014 02 04 Text of 9 July 2014 

The preliminary results obtained from the 24 samples of shark flesh from 
Reunion Island did not reveal any toxicity in this test at the doses tested.  

The RDA also included samples from the bull shark implicated in an 
outbreak of food poisoning that occurred in Madagascar in November 2013 
(124 people intoxicated, nine of whom died) for analysis by mouse 
bioassay and by cytotoxicity assay on Neuro-2a cells. The sample of flesh 
gave a positive result by mouse bioassay; the first results obtained on 
Neuro-2a cells cannot yet be interpreted. The symptoms observed in mice 
(prostration, dyspnoea, cyanosis, convulsions and death by respiratory 
arrest) are typical of those known for carchatoxins. Three samples of fin 
and one of oesophagus were also tested on Neuro-2a cells and the first 
results show an activity typical of that for ciguatoxins in these samples, 
especially strong in the sample of oesophagus. These preliminary results 
are currently undergoing confirmation.  

Revised text 

The final report was submitted to ANSES on 21 July 2014. 

The results did not show ciguatoxin-like toxins to be present above the limit 
of detection of 0.04 µg eq. P-CTX-1 kg

-1
 of flesh. It should be noted that the 

detection limit is higher than the concentration considered to be of no risk 
to humans, which is 0.01 µg eq. P-CTX-1 kg

-1
 of fish flesh. 

The RDA also included samples from the bull shark implicated in an 
outbreak of food poisoning that occurred in Madagascar in November 2013 
(124 people intoxicated, nine of whom died) for analysis by mouse 
bioassay and by cytotoxicity assay on Neuro-2a cells. The sample of flesh 
gave a positive result by mouse bioassay, with symptoms typical of those 
known for carchatoxins (prostration, dyspnoea, cyanosis, convulsions and 
death by respiratory arrest). The analysis of a sample of flesh, a sample of 
oesophagus and three samples of dried fin by cytotoxicity assays on 
Neuro-2a cells concluded that ciguatoxin-like toxins were present, with 
concentrations estimated as follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg
-1

 (i.e. 14 times the concentration 
considered to be of no risk to humans); 

- Oesophagus: 114 µg eq. P-CTX-1 kg
-1

 (i.e. 11,400 times the 
concentration considered to be of no risk to humans); 

- Dried fin: 0.145 µg eq. P-CTX-1 kg
-1

; 0.158 µg eq. P-CTX-1 kg
-1

; 
0.737 µg eq. P-CTX-1 kg

-1
 (i.e. 14 to 74 times the concentration 

considered to be of no risk to humans). 

25/07/2014 02 05 ■ Conclusions of the CES 

Text of 9 July 2014 

The preliminary results obtained by the cytotoxicity assay on Neuro-2a 
cells of 24 samples of flesh from tiger or bull sharks collected on Reunion 
Island in 2012 and 2013 did not reveal the presence of ciguatoxins at a 
concentration causing a toxic response, at the doses tested. The results 
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obtained by mouse bioassay were negative. 

The analysis of a sample of flesh from the bull shark implicated in an 
outbreak of food poisoning that occurred in Madagascar in November 2013 
(124 people intoxicated, nine of whom died) gave a positive result by 
mouse bioassay with symptoms typical of those known for carchatoxins. 
Three samples of fin and one of oesophagus were also tested on Neuro-2a 
cells and the first results show an activity typical of that for ciguatoxins in 
these samples, especially strong in the sample of oesophagus. These 
preliminary results are currently undergoing confirmation.  

As the preliminary results of the CHARC programme have shown that the 
populations of tiger and bull sharks are not limited to the marine areas 
around Reunion Island and that one of the specimens (a tiger shark) 
moved to Madagascar, the CES ERCA considers that, as a result of the 
data produced by the analysis of 24 samples of shark, it is impossible to 
rule out the risk that sharks caught at Reunion Island could be 
contaminated by ciguatoxins (or similar toxins) in concentrations which 
could present a risk to the health of consumers. 

Revised text 

The analysis of 24 samples of the flesh of tiger or bull sharks collected on 
Reunion Island in 2012 and 2013, by mouse bioassay and by cytotoxicity 
assay on Neuro-2a cells, did not reveal the presence of ciguatoxin-like  
toxins above the limit of detection. It should be noted, however, that for 
these two tests the detection limit is higher than the concentration 
considered to be of no risk to humans, which is 0.01 µg eq. P-CTX-1 kg

-1
 of 

fish flesh. 

The analysis of a sample of the flesh from the bull shark implicated in an 
outbreak of food poisoning that occurred in Madagascar in November 2013 
(124 people intoxicated, nine of whom died) gave a positive result by 
mouse bioassay with symptoms typical of those known for carchatoxins. 
The analysis of one sample of flesh, one sample of oesophagus and three 
samples of dried fin by cytotoxicity assay on Neuro-2a cells concluded that 
ciguatoxin-like toxins were present, with concentrations estimated at 0.144 
µg eq. P-CTX-1 kg

-1
 in the flesh, 114 µg eq. P-CTX-1 kg

-1
 in the 

oesophagus and 0.145 µg to 0.737 µg eq. P-CTX-1 kg
-1 

in the fin. These 
concentrations are 14 to 11,400 times the concentration considered to be 
of no risk to humans. 

In addition, the preliminary results of the CHARC programme have shown 
that the populations of tiger and bull sharks are not limited to the marine 
areas around Reunion Island and that one of the specimens (a tiger shark) 
tagged at Reunion Island moved to Madagascar. 

Accordingly, the CES ERCA considers that, in view of the data produced 
by the analysis of samples of flesh from 24 specimens of shark from 
Reunion Island and of samples from one specimen of shark from 
Madagascar, it is impossible to rule out the risk that sharks caught at 
Reunion Island could be contaminated by ciguatoxins (or similar toxins) in 
concentrations which could present a risk to the health of consumers. 
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1 Background, purpose and procedure for handling 

the request  

The content of the request is reported in Annex 1. 

1.1 Background  

Since 1996, the French département of Reunion Island has been covered by a specific regulation 
(by prefectoral order) which restricts or prohibits the marketing of certain species of fish because of 
the risk of poisoning by marine biotoxins, especially ciguatoxins. Since 1999, the list of these 
species of fish has included most species of sharks, including those of the Carcharhinidae family 
(Annex 2). 

The Prefect of Reunion Island requested the Directorate General for Food (DGAL) to commission a 
reassessment of the risk related to two shark species whose consumption is currently prohibited by 
the prefectoral order. These are the tiger shark (Galeocerdo cuvier) and the bull shark 
(Carcharhinus leucas). 
In order to acquire data concerning the contamination of these two shark species by ciguatoxins, 
the services of the Prefecture of Reunion Island launched a campaign in 2012 to test 12 
specimens per species for ciguatoxins by a mouse bioassay. This sampling campaign was 
extended in 2013 with a goal of 45 additional specimens per species.  
To date, 24 specimens have been analysed for ciguatoxins by mouse bioassay and five of them 
have also been analysed for heavy metals (lead, cadmium and mercury).  

1.2 Purpose of the expert appraisal  

The request instructs ANSES to answer the following questions: 

Question 1: What is the current state of knowledge on contamination of shark flesh by 
ciguatoxins, especially tiger and bull sharks? Have any cases of food poisoning 
associated with the consumption of sharks already been reported? 

Question 2:  What are the analytical methods currently applicable for detecting and quantifying 
ciguatoxins in shark flesh? Can the results from these methods be used to assess 
the health risks related to a possible authorisation of these species for human 
consumption in this area?  

In the event that ANSES should identify a sufficiently reliable method for testing 
shark flesh for ciguatoxins, what data would be necessary to carry out this 
evaluation and what recommendations could be made regarding the protocol for 
sampling tiger and bull sharks around Reunion Island? Particular consideration shall 
be given to the geographical area concerned and the ethology of these two shark 
species in terms of the extent of their movements in the marine areas around 
Reunion Island. 

Question 3:  In 2006 and 2009, the Agency published Opinions relating to the consumption of 
pelagic predator fish around Reunion Island and the health risk related to 
methylmercury. Do the new analyses of shark specimens in 2013 give cause for 
revising the conclusions of these Opinions? 
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1.3 Procedure for handling the request: resources used and 
organisation 

ANSES entrusted the examination of this request to the Working Group on "Ciguatoxins", a WG of 
the Expert Committee on the "Assessment of the physical and chemical risk in foods" (CES 
ERCA), for Questions 1 and 2 relating to ciguatoxins. Concerning Question 3, relating to the 
Agency's earlier work on the health risks related to methylmercury, a study originally carried out 
internally by ANSES was presented to the CES ERCA. These latter points in response are 
therefore not included in the present report, but in the note "Collective Expert Appraisal: summary 
of the arguments and conclusions" by the CES ERCA, which was quoted in the opinion released 
by ANSES. 

The methodological and scientific aspects of this group’s work were regularly submitted to the 
CES. The Working Group report takes into account the additional observations and information 
provided by the members of the CES. 

This expert appraisal was therefore performed by a group of experts with complementary skills.  

The expert appraisal was carried out in accordance with the French standard NF X 50-110 "Quality 
in Expertise – General Requirements of Competence for Expert Appraisals (May 2003)”. 

1.4 Prevention of risks of conflicts of interest 

ANSES analyses interests declared by experts before they are appointed and throughout their 
work in order to prevent risks of conflicts of interest in relation to the points addressed in expert 
appraisals. 

The declarations of interest by experts are made public via the ANSES website (www.anses.fr). 

http://www.anses.fr/
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2 Points in response to Question 1 

Reminder of the content of Question 1: What is the current state of knowledge on contamination of 
shark flesh by ciguatoxins, especially tiger and bull sharks? Have any cases of food poisoning 
associated with the consumption of sharks already been reported? 

2.1 Toxicity of ciguatoxins and mode of action 

In introduction to the points in response to Question 1, here is a brief review of the toxicity of 
ciguatoxins (CTXs) and of their mode of action. A detailed review can be found in various articles 
or reports, some in English (EFSA, 2010), others in French (Epidemiological Bulletin no.56 of 
March 2013; Public Health Surveillance Bulletin for the French Antilles and French Guiana, 3 April 
2013), from which the elements presented below are extracted. 

Poisoning related to the consumption of fish contaminated with ciguatoxins is known as ciguatera 
poisoning. The source1 of these toxins is a microalga that proliferates periodically on degraded 
coral substrates of the genus Gambierdiscus, an epiphytic benthic dinoflagellate. Herbivorous or 
microphageous fish ingest this microalga after which the toxins are conveyed along the food chain, 
up to the large fish-eating predators such as Carangidae, barracudas, moray eels and sharks. The 
level of contamination then depends on the feeding history of each fish, its trophic level, the 
geographical area concerned, and the result of the kinetics of accumulation/metabolism/excretion 
of toxins ingested.  

The clinical syndrome can include symptoms that are gastrointestinal (nausea, vomiting, 
abdominal pain, diarrhoea), neurological, involving sensitivity disorders (hyperesthesia, 
paraesthesia, dysaesthesia), muscular, joint, dermal (pruritus, which is why ciguatera is known as 
"la gratte" or "the itch" in some regions), cardiovascular (bradycardia, low blood pressure), of 
varying intensity and with onset varying from 30 minutes to 48 hours after ingestion. More than 175 
different symptoms have been identified in acute and chronic phases of ciguatera. Gastrointestinal 
symptoms usually disappear in 1 to 4 days without special treatment but some symptoms, mainly 
neurological, may persist for several weeks or even months.  

Regional differences in the clinical syndrome have been observed and can be attributed to the 
presence of different ciguatoxins. Symptoms have also been found to vary widely between 
individuals. 

In humans, according to Lehane (1999, as described in the opinion published by EFSA in 2010 at 
the end of Section 10), the lowest dose likely to cause symptoms in 20% of consumers would be 1 
ng kg-1 b.w., based on a contamination of 0.1 µg P-CTX-1 kg-1 of fish and assuming fish 
consumption of 500 g and an individual with a body weight of 50 kg. 

The preferred molecular targets of CTXs are the voltage-gated sodium channels (Nav), which play 
a fundamental role in the genesis and propagation of nerve impulses. When CTXs bind site 5 of 
the α subunits of these proteins of the plasma membrane of electrically excitable cells, it causes 
the prolonged opening of these channels even at the resting membrane voltage, which leads to a 
continuous influx of Na+ ions into the cells. In order to alleviate this increase of intracellular sodium, 
cellular mechanisms are activated to allow an outflux of Na+, counterbalanced by an influx of Ca2+, 
leading to an increase in intracellular calcium. A consequence of this virtually irreversible 
attachment of CTXs to the VDSCs is an impairment of both nerve conduction and the morphology 
of the nerve cells.  

                                                
1 Some pelagic marine cyanobacteria (Hydrocoleum spp. and Trichodesmium spp.) could be another source of 
contamination. Studies have revealed the production of ciguatoxin-like toxins in samples of cyanobacteria populations in 
New Caledonia, related to cases of human poisoning following the consumption of giant clams when no Gambierdiscus 
spp had been detected during environmental monitoring of the area concerned (Laurent et al., 2008; Kerbrat et al., 
2010). 
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This set of changes induced by CTXs (depolarisation and hyper-excitability phenomena, increase 
in intracellular Na+ and Ca2+, anarchic liberation of neuro-mediators, swelling due to the influx of 
water, etc.) explains the diversity of clinical signs observed in cases of poisoning.  
- At the neurological level, the multitude of symptoms such as impaired motricity, sensitivity, 

cerebellum and psychiatric disorders, is a direct consequence of the alteration of the fibres of 
the peripheral, central and autonomous nervous system.  

- At the digestive level, it is the high level of intracellular Ca2+ that seems to cause an increase 
in intestinal secretions and therefore the occurrence of profuse diarrhoea.  

- At the muscular level, the increase in intracellular Ca2+ generates an increase in the frequency 
and intensity of muscle contractions, while the spontaneous and repetitive firing of action 
potentials induces disorganised twitching.  

- At the level of the heart, in addition to the muscle effects, the CTXs affect the autonomous 
nervous system, with bradycardia and low blood pressure being linked to parasympathetic 
hyperstimulation (which explains why atropine is so effective in the symptomatic treatment of 
ciguatera poisoning) and to low sympathetic tone.  

Figure 1 shows how the three types of symptoms develop over time. It should also be noted that 
the predominant symptoms are different depending on the ocean concerned. The digestive 
symptoms (in particular vomiting) and cardiac symptoms are dominant in the Caribbean while in 
the Eastern Pacific, Australia and the Indian Ocean the neurological symptoms dominate (Pottier et 
al., 2001).   

 

 

Figure 1: Chronology of the appearance of the 3 major types of symptoms observed during ciguatera 
poisoning (Chinain et al., 2013, modified from Lawrence et al., 1980) 

 
 
As regards the Indian Ocean, which is the particular focus of this appraisal, ciguatera poisoning 
was reported historically in Mauritius (an island near Reunion Island), in the 19th century (Hamilton 
et al., 2002). The epidemiological analysis conducted on Reunion Island shows that 484 cases of 
ciguatera poisoning were identified for the period 1986-1999, and another 150 cases for the period 
2000-2010. Ciguatera poisoning accounts for 80% of cases of food poisoning from fish. The annual 
incidence rate is variable and remains low compared to other regions such as French Polynesia. 
The incidence rate for the period 1986-1999 has been estimated at 0.8 cases per 10,000 
inhabitants, and at 0.2 for the period 2000-2010.  

There have been specific local regulations since 1966, establishing a list of tropical fish species 
whose marketing is prohibited. This list changes periodically depending on the state of knowledge 

Degree of 
severity 

Diarrhoea 
Vomiting 

Myalgia/Arthralgia 

Tingling in the extremities 

Itching 

weeks, months, years 

Neurological and systemic symptoms 

Digestive symptoms 

Cardiac symptoms 

Ingestion 
of 

toxic 
meal 



ANSES Collective expert appraisal report  Request 2013-SA-0198 

 

 page 12 / 82 November 2014 

and the local and regional epidemiological situation, thus limiting any harmful impact on health. 
There were two major revisions in 1982 and 1999, the latter introducing some species of shark 
among the list of prohibited species (the most recent update was in 2009 and can be found in 
Annex 2). 

In clinical terms, the symptomatology typically observed on Reunion Island includes neurological 
signs (paraesthesia, dysaesthesia, myalgia), digestive signs (diarrhoea) and general signs 
(residual asthenia). The most evocative is the reversal of the hot/cold sensation or allodynia 
(Bagnis et al., 1992; Quod and Turquet, 1996). Most outbreaks of food poisoning are due to fish 
from the Soudan, Saya de Malha, Rodrigues or Mauritius fishing shoals. Only 10% of cases are 
due to fish caught in the seas around Reunion Island. 

2.2 Carchatoxism, poisoning by consumption of shark  

As a general rule, there is little information in the literature on poisoning by consumption of shark. 
The most numerous and the best described cases are recent (1990s) and mainly concern 
Madagascar. A few cases have nevertheless been reported in other regions of the world.  
 
Halstead (1978) describes several cases of poisoning, the oldest of which dates from 1873 in New 
Caledonia, several individuals having fallen ill after consuming the liver of a shark whose species 
was not described. The case is reported as severe, with one fatality. Cooper (1964) reported the 
death of several individuals after consumption of liver from tiger shark (Galeocerdo cuvieri) in the 
Gilbert Islands, an archipelago in the Pacific Ocean (the Beru Atoll in 1957 and the Tabiteuea Atoll 
in 1960 and 1961). The flesh, however, was described as non-toxic. 

More recently, in the Cook Islands (Pacific Ocean on the west of French Polynesia), two cases 
were reported (symptomatology unspecified) after consumption of whitetip reef shark (Triaenodon 
obesus) (Rongo and van Woesik, 2011). 

In French Polynesia, two severe cases were described by Gatti et al. (2008). The intoxicated 
individuals had consumed the liver or viscera of sharks whose species were not specified. They 
were hospitalised with neurological and digestive symptoms similar to those in the cases described 
in Madagascar (the most severe and best documented episodes). Three other cases of poisoning 
by the consumption of shark viscera occurred in French Polynesia between 2002 and 2013 
(Chinain, personal communication), though the species in question are not documented. 

Elsewhere in the world, information is still fragmentary and lacks detail. Glaziou and Legrand 
(1994), in their review on the epidemiology of ciguatera poisoning, cite the Carcharhinidae family, 
some species of which are responsible for ciguatera poisoning in different regions of the world (the 
Americas, the central Pacific and the Asia/Indian Ocean region).  

In a review article published in 1981, Bagnis provides a list of fish referred to as "ciguateric" known 
in the Indo-Pacific zone, based on data he collected during epidemiological investigations carried 
out between 1965 and 1980. Among these fish species there are several species of shark (Table 
1, next page).  
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Table 1. List of "ciguateric" sharks identified by Bagnis (1981) 

 Pacific Ocean Indian Ocean Caribbean 

Species French 
Polynesia 

Samoa Tonga Fiji Vanuatu New 
Caledonia 

Mascarene 
Islands * 

Virgin 
Islands 

Carcharhinus 
amblyrhynchos 

Grey Reef Shark 

+ +   +    

C. melanopterus 

Blacktip Reef Shark 

 +       

C. plumbeus 

Sandbar Shark 

  +  + + +  

Galeocerdo cuvieri 

Tiger Shark 

 +  +     

Isurus paucus 

Longfin Mako Shark 

  +  + +   

Triaenodon obesus 

Whitetip Reef Shark 
+ +       

Sphyrna lewini 

Scalloped 
Hammerhead Shark 

       ++ 

* The Mascarene Islands are an archipelago in the Indian Ocean consisting of three main islands, Reunion Island, 
Mauritius and Rodrigues, plus several small nearby islands. 

+ indicates exceptional toxicity, very limited in time and space. ++ indicates regional toxicity, for large specimens. 
 
In Madagascar, the first episode described occurred at Manakara (south-east coast) in 1993, which 
was noted for its unprecedented severity. Several hundred people (between 200 and 500 
depending on the different authors) were poisoned due to the consumption of a shark which may 
have been a bull shark (Carcharhinus leucas) or a pigeye shark (C. amboinensis), two species that 
are difficult to distinguish between. This episode resulted in the deaths of between 60 and 98 
people, depending on the different authors, a fatality rate of 20 to 30% (Habermehl et al., 1994; 
Boisier et al., 1995; Quod et al., 2001).  
Following this serious event, investigations conducted by the local authorities provided a better 
understanding of the situation in Madagascar. Between 1930 and 1997, more than 83 episodes of 
poisoning by consumption of shark were identified, affecting 1855 people. Sharks were responsible 
for 48% of severe cases of poisoning, the majority of them being observed on the eastern coast of 
Madagascar in the province of Toamasina (Champetier de Ribes et al., 1999). Regarding 
moderate forms of poisoning, sharks account for 35% of episodes (n=71). In the order of 
Carcharhiniforms, two families of shark are most often cited in serious and moderate outbreaks: 
the Sphyrnidae (Hammerhead sharks) and the Carcharhinidae (Requiem sharks). A more detailed 
analysis of the investigation led to the identification of 1269 episodes of poisoning by sharks 
between 1993 and 1998, including 68 deaths (Champetier de Ribes et al., 1998). The main 
species implicated in eight severe episodes belong to the following three families:  
- Carcharhinidae: Carcharhinus leucas (bull shark, two cases), C. amboinensis (pigeye shark, 

two cases), Galeocerdo cuvier (tiger shark, one case) 
- Sphyrnidae: Sphyrna lewini (scalloped hammerhead shark, one case), S. mokarran (great 

hammerhead shark, one case) 
- Hexanchidae: Hexanchus griseus (bluntnose sixgill shark, one case), of the order of 

Hexanchiformes. 
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A few results of analysis by mouse bioassay are presented in Table 2 (below). 

The episodes occurred primarily on the east coast in the health districts of Vohipeno (twice), 
Manakara, Sambava, Maroantsetra and Mahanoro, but also on the south coast, at Taolagnaro, 
and on the southwest coast at Toliara II.  
The onset of clinical signs was early, occurring less than 6 hours after the meal in question in the 
vast majority of cases and never exceeding 24 hours. Signs typically lasted from a few hours to 15 
days. The attack rate varied between 20 and 100%. The lethality among patients varied between 0 
and 32%. Neurological signs were always predominant and were present in all episodes, affecting 
between 50% and 100% of intoxicated subjects (80% on average): 

o neurosensitive signs (100% of episodes) with paraesthesia (tingling of the extremities, 
burning sensation of the lips), myalgia and arthralgia, headaches 

o neuro-motor impairments (60% of episodes) with balance disorders, abnormal gait 

o neurosensorial signs (20% of episodes) with double or blurred vision 

o impaired consciousness (40% of episodes): obfuscation, coma. 

Digestive signs were also found in all episodes, affecting between 5% and 100% of intoxicated 
subjects (40% on average). These were essentially vomiting, diarrhoea, epigastric pain and, more 
rarely, stomatitis (observed in a few subjects intoxicated during one episode) and jaundice 
(observed in a few subjects intoxicated during one episode). 
General signs were less frequent (50% of episodes), especially involving asthenia, dizziness and 
fever (Champetier de Ribes et al., 1998). 
 

Table 2. A few results of analysis by mouse bioassay of sharks implicated in foodborne illness 
outbreaks in Madagascar  

Sources: i) Workshop on the prevention and control of poisoning by consumption of marine animals in Madagascar, 21-23 April 
1998, Compendium of presentations. Ministry of Health, Ministry of Fisheries and Fishery Resources and ii) Champetier de Ribes et 

al. (1998). 

Date/Place Number of 
consumers 

Rate of 
illness 

Symptoms Species of shark Toxicity  

November 1993 

Manakara 

188 100% Neurological Carcharhinus leucas 

Bull Shark 

30 MU per g of liver 

October 1995 

Tolagnaro 

62 100% Neurological Shark not identified < 0.1 MU per g of flesh  
< 1.7 MU per g of liver 
5.3 < x < 10 MU per g of liver 

November 1996 

Sambava 

80 21% Neurological C. amboinenses  

Balestrine Shark 

0.163 ng per g of flesh 

  

December 1996 

Mahonoro 

324 61% Digestive Sphyrna mokarran 

Great Hammerhead 
Shark 

1.82 ng per g of flesh 

 

December 1997 

Toliara 

145 82% Neurological Carcharhinus leucas 

Bull Shark 

Flesh: 8 MU per g of flesh 

Liver: 0 

(In this table, MU (mouse unit) corresponds to the quantity of toxins causing death in 24h to a mouse weighing between 16 
and 22 g depending on the study. The amount of toxin is not calculated relative to 1 g of mouse, or the expression MUg would 
be used). 
 

Since 1998, two outbreaks of foodborne illness following the consumption of shark have been 
reported very recently, one in the district of Fenoarivo Atsinanana in November 2013, and the other 
in the district of Toamasina II in February 2014 (Figure 2, below). According to the information 
transmitted to ANSES by the French Institute for Public Health Surveillance, dated 22 April 2014: 

- In the Fenoarivo Atsinanana outbreak, 124 people, nine of whom died, were poisoned after 
a meal (shark meat), consumed on 10 November 2013. Leftovers were collected and 
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analysed in the framework of a research and development agreement contracted by 
ANSES and detailed later in this report; the genetic analysis concluded that the flesh was 
that of a bull shark;  

- In the Toamasina II outbreak, four people became intoxicated following a meal (shark meat) 
consumed on 11 February 2014, one of whom died. Leftovers were in poor condition and 
were not collected (no analysis planned).  
 

 

Figure 2. Map showing the location of the districts Fenoarivo Atsinanana (purple)  
and Toamasina II (red) 

 
On Reunion Island, an outbreak of poisoning affecting five people was reported in 1993 following 
the consumption of the flesh of shark fished in the bay of Saint-Paul, although the species 
implicated was not formally identified. The symptoms progressively included asthenia, headache, 
abdominal pain, diarrhoea, vomiting, hallucinations, arthromyalgia, perioral paraesthesia and distal 
paraesthesia of the limbs. One of the patients presented cardiac symptoms requiring admission in 
intensive care, with a sinus bradycardia lasting for a month, and myalgia and asthenia lasting for 
three months (Le Bouquin et al., 1993).  
 
Ciguatoxins or carchatoxins? 

It has been suggested that poisoning due to the consumption of shark presents a clinical picture 
different from that of classic ciguatera poisoning and that it could be due to other toxins with similar 
properties, called carchatoxins (Yasumoto, 1998; Champetier de Ribes et al., 1998; Turquet et al., 
2000; Gatti et al., 2008).   

To date, this type of poisoning by shark has mainly been found in severe forms in Madagascar. 
The various epidemiological investigations carried out on the spot provide a clinical picture (Table 
3, next page) showing a predominance of neurological and sensorial signs (dominated by 
disorders of consciousness, with muscle and joint pain) and high mortality. In the case of ciguatera 
poisoning by consumption of reef fish from the Indian Ocean, the first symptoms are mainly 
gastrointestinal and are associated with neurosensitives manifestations; mortality remains 
exceptional (Champetier de Ribes et al., 1998; Turquet et al., 2000).  
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Table 3: Differential diagnosis of poisoning by consumption of sharks and reef fish in the Indian 
Ocean (Turquet et al., 2000) 

Type (animal implicated) Clinical signs 

 

Carchatoxism 

(sharks) 

Latency time:   2 to 12 hours on average.  
Clinical signs: Predominance of neurological signs (paraesthesia of the extremities, 

superficial dysaesthesia, arthralgia, dizziness and visual disturbances) 
associated with mild and erratic gastroenteric symptoms. Severe forms 
also included ataxia, dysarthria, disorder of consciousness ranging from 
obfuscation to coma as well as cardiac arrhythmia and respiratory 
distress.  

Mortality:           7 to 30% 

 

Ciguatera Poisoning  

(reef fish) 

Latency time:    2 to 12 hours on average. 
Clinical signs: Clinical presentation of common gastro-enteritis associated with 

characteristic neurosensitive events (paraesthesia of the extremities and 
perioral paraesthesia, superficial dysaesthesia, reversal of the hot/cold 
sensation or allodynia). The symptomatology can also include myalgia 
and arthralgia, a pruritus of variable intensity and asthenia that resolves 
slowly. The severe forms (5%) are due to the manifestations of 
dehydration by persistent diarrhoea, of cardiovascular collapse by 
rhythm disorder and falls in blood pressure, dyspnoea by weakening of 
the respiratory muscles. 

Mortality:          Exceptional.  

 

In addition, leftovers of meal of the Manakara case in 1993 were tested by mouse bioassay and 
caused the same types of symptoms as ciguatoxins, with one slight difference: the samples of 
shark resulted in the death of the mice within 4 hours after injection (no mortality observed beyond 
4 hours) while in the case of ciguatoxins, the mouse deaths were observed even after 24 hours 
(Boisier et al., 1995). The toxicity was 30 MU (mouse unit, corresponding to the quantity of toxins 
resulting in the death of a mouse in 24h, the amount of toxin is not calculated per 1 g of mouse) 
per gram of shark liver (Champetier de Ribes et al., 1998).  

These leftovers were also analysed by Prof. Yasumoto (1998), who demonstrated the presence of 
new toxins that he termed carchatoxins A and B. But the origin of this form of poisoning is still 
unknown. 
However, the suggestion cannot be ruled out that carchatoxins could be new analogues of 
ciguatoxins, for example highly oxidised forms. 

2.3 Other data concerning contamination of sharks by ciguatoxins (or 
by toxins with similar properties) 

In a study published in 1980, Randall presented the results of a vast campaign conducted in the 
Marshall Islands (located in the Pacific Ocean north of the Gilbert Islands) concerning 807 
specimens of fish, including 32 sharks. These samples were tested by bioassay on mongoose, 
which involved feeding the animals portions of liver representing 10% of their body weight, with or 
without the viscera, except for sharks for which only the muscles were used. Mongoose was used 
because of the similarity of its symptoms with those observed in humans, the fact that it does not 
regurgitate (unlike the cat) and because it was easy to acquire on the island of Hawaii where the 
analytical laboratory was located. Of the 32 samples of sharks tested, 30 gave negative results and 
two a positive result (1 grey reef shark Carcharhinus amblyrhynchos and 1 blacktip shark 
Carcharhinus limbatus). The three specimens of tiger shark tested all gave negative results. It 
should be noted that only the flesh was tested, and neither the liver nor the viscera. 

In a report dated 1966, Brock et al. presented the results of studies conducted from 1963 to 1965 
in the Johnston Atoll (located in the Pacific Ocean, to the west of Hawaii) that concerned, among 
others, 82 shark specimens (46 whitetip reef sharks, Triaenodon obesus, and 36 grey sand sharks 
(Carcharhinus menisorrah). The mongoose bioassay, used this time with the liver of the shark, 
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revealed 11 positive samples (7 whitetip and 4 silky sharks). The authors consider that the toxicity 
of the samples was underestimated because mongooses seldom ingest the entire portion 
administered. 

 

 

The WG therefore draws attention to the fact that, in the case of sharks, the toxins to take 
into account include not only ciguatoxins but also, potentially, another type of toxins 
currently called carchatoxins, whose structure has not yet been elucidated. However, the 
suggestion cannot be ruled out that carchatoxins could be new analogues of ciguatoxins, 
for example highly oxidised forms. 
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3 Points in response to Question 2 

Reminder of the content of Question 2: 

What are the analytical methods currently applicable for detecting and quantifying ciguatoxins in 
shark flesh? Can the results from these methods be used to assess the health risks related to a 
possible authorisation of these species for human consumption in this area? 

In the event that ANSES should identify a sufficiently reliable method for testing shark flesh for 
ciguatoxins, what data would be necessary to carry out this evaluation and what recommendations 
could be made regarding the protocol for sampling tiger and bull sharks around Reunion Island? 
Particular consideration shall be given to the geographical area concerned and the ethology of 
these two shark species in terms of the extent of their movements in the marine areas around 
Reunion Island. 

3.1 Introduction 

Reviews have been published recently (Caillaud et al., 2010; EFSA, 2010) describing various 
analytical methods for screening for ciguatoxins, using different principles. 
 
Some methods are based on the toxicological or functional properties of CTXs: 

- tests on animals, in particular the mouse bioassay; 

- cytotoxicity tests based on the effects of the toxins on the viability of neuroblastoma cell 
lines (Neuro-2a) in culture; 

- receptor binding assay (RBA) functional tests, using the recognition between the ligand-
CTX and the voltage-gated sodium channels (Nav) in the membranes of nerve and muscle 
cells. 

 
Other methods are based on the molecular structure of CTXs: 

- immunological tests, using the recognition between the CTXs and anti-CTX antibodies; 

- chemical analyses, in particular the liquid chromatography coupled with tandem mass 
spectrometry (LC-MS/MS).  

 
Their general principles, advantages and disadvantages are presented in the following paragraphs. 
It is preceded by a review of the current state of knowledge on the chemical structure of CTXs. 

3.2 Chemistry of ciguatoxins 

The region covered by the most advanced scientific studies is the Pacific Ocean. Thus, the group 
led by Pr. Yasumoto has particularly contributed since 1975 to the characterisation of toxins 
produced by microalgae of the genus Gambierdiscus as well as the metabolites produced by 
transformations found in fish (Yasumoto, 2001; Yasumoto et al., 2000). Two basic structures of 
toxins have been described, and their metabolites identified (Figure 3, next page). 
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Figure 3: Metabolism by fish of algal ciguatoxins in the Pacific Ocean  
(adapted from Yogi et al., 2014). 

 
Some of these metabolites were also observed in the microalgae themselves, or in the extracts 
and fractions purified from a strain of Gambierdiscus polynesiensis (Chinain et al., 2010). 

Two analogues of CTXs were described as characteristic of fish from the Caribbean area, C-CTX-1 
and its epimer, C-CTX-2 (Lewis et al., 1998). Although the structural differences with P-CTXs can 
be described as minor (for example with a stable spiroacetal – because closed – in P-CTXs 
compared to an unstable hemiacetal – because open – in C-CTXs; different oxidation on five 
quaternary carbons for the C-CTXs compared with two for the P-CTXs, Figure 4, next page), the 
consequences are major in terms of stability of the toxins (stable for the P-CTXs, unstable for C-
CTXS) and toxicity in mice (toxicity of C-CTXs one tenth that of P-CTXs). In addition, the epitopes 
have the effect of preventing the anti-P-CTX antibodies from recognising C-CTXs. A point-by-point 
comparison can be found in the work of Pottier et al. (2001). 
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Figure 4: Comparison of structures of CTXs from the Pacific Ocean (P-CTXs) with those from the 
Caribbean (C-CTXs) (Lewis et al., 1998) 

 

Few studies have been conducted to characterise CTXs from the Indian Ocean (I-CTXs). Hamilton 
et al. (2002) showed that I-CTXs had a chromatography elution profile different from that of 
Caribbean CTXs (C-CTXS) (Figure 5). 
 

 

Figure 5. Elution profiles of CTXs from the Indian Ocean (I-CTX) and the Caribbean (C-CTX-1) with 
2 ml min

-1
 MeOH on TSK HW-40S, a molecular-scale exclusion resin (Hamilton et al., 2002) 

 
Although the m/z values were measured by mass spectrometry for I-CTX-1 [M+H]+ (1141.58 Da), 
the raw formulae have not yet been confirmed to date, and there is therefore no exact structure 
known for this family of I-CTXs. In addition, although the nominal mass (rounded to the nearest 
integer) of I-CTX-1 corresponds to that of C-CTX-1 (1141 Da), the elution spectrum by 
chromatography of I-CTX-1 does not correspond to that of C-CTX-1, as discussed earlier (Figure 
5). There could therefore be significant differences between these analogues of CTX-1 from two 
different ocean regions.  
 
Table 4 (next page) presents the state of knowledge on the diversity of ciguatoxins isolated from 
fish or from microalgae. 
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Table 4. State of knowledge on the diversity of ciguatoxins isolated from fish or from microalgae 
(according to Caillaud et al., 2010, supplemented with data from Pottier et al., 2002a,b and Lenoir, 

2006) 

Origin Number of 
cycles  

Number of 
carbon 
atoms  

Examples of CTXs  
Molecular 
Weight (Da)  

Source  

Pacific (P-)  

Type I 13 60 

CTX (CTX-1B, CTX-1)  1110.6  Carnivorous fish  

CTX-2-A2 (CTX-2, 52-
epi-54-deoxyCTX) 

1094.5 Carnivorous fish 

CTX-2-B2 (CTX-3, 54-
deoxyCTX) 

1094.5 Carnivorous fish 

CTX-4A 1060.8 
G. toxicus, G. 
polynesiensis 

CTX-4B (GTX-4B, Gt 
4b) 

1060.8 
G. toxicus, G. 
polynesiensis, 
herbivorous fish 

Type II 13 57 

CTX-3C 1022.8 
G. toxicus, G. 
polynesiensis, 
herbivorous fish 

CTX-2A1 (2,3-
dihydroxyCTX3C)  

1056.0 Carnivorous fish 

Caribbean (C-)  

14 62 

CTX-1,-2, -1141a, -
1141b, -1141c  

1140.7  Carnivorous fish 

CTX-1143, -1143a 1142.7 Carnivorous fish 

  
CTX-1157,-1157a, -
1157b 

1156.7 Carnivorous fish 

  CTX-1127 1126.6 Carnivorous fish 

  CTX-1159 1158.6 Carnivorous fish 

  CTX-1181 1180.6 Carnivorous fish 

Indian (I-)  undetermined undetermined 

CTX-1  1140.6  Carnivorous fish 

CTX-2 1140.6  Carnivorous fish 

CTX-3 1156.6  Carnivorous fish 

CTX-4 1156.6  Carnivorous fish 

CTX-5 1038.7 Carnivorous fish 

CTX-6  1038.4 Carnivorous fish 

 
 
From samples of shark implicated in the food poisoning episode that occurred in Madagascar in 
1993 (Boisier et al., 1995), Yasumoto (1998) revealed the presence of compounds of a different 
nature from that of the ciguatoxin of the Pacific, at least for the major analogue encountered in 
Pacific fish (P-CTX-1), which he named carchatoxins A and B (Figure 6, next page). Unfortunately, 
neither the molecular weight nor the structure of these carchatoxins are known.  
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Figure 6. Carchatoxins A and B take different times to elute compared with P-CTX-1 in reversed-
phase chromatography (Asahipak ODP-50, 4.6 x 150 mm, 75% MeOH, 1 ml min

-1
, 210 nm) (Yasumoto, 

1998) 

3.3 Tests on animals 

Tests carried out on animals involve either feeding tests on cats, mongoose or chicks or injection 
tests on insects or laboratory mice (Bagnis et al., 1985; Vernoux, 1991; Granade et al., 1976; 
Labrousse and Matile, 1996). Feeding tests are particularly interesting for studying the overall 
toxicity of samples of contaminated fish because the tissues are tested "as is", which therefore 
avoids losses due to extraction, as has been found with ciguatoxins, especially those from the 
Indian Ocean. Tests by injection, on the other hand, are preferred for studying semi-purified 
extracts (Vernoux and Lahlou, 1986; Vernoux, 1991).  

The chick test is the most interesting of the feeding tests due to the presence of the crop, which 
can easily be filled with fish liver, and the low weight of the animal. It is well suited to the 
assessment of the potential toxicity of the livers of various fish (Vernoux and Lahlou, 1986; 
Vernoux et al., 1986). It was described in detail by Vernoux et al. (1985). The mouse bioassay is 
the reference injection test and is described below. 

Mouse bioassay 

3.3.1 General principle of the mouse bioassay 

The mouse bioassay is a test widely used to detect toxins of the group of ciguatoxins in fish 
(EFSA, 2010; Hamilton et al., 2002; Hoffman et al., 1983; Lewis and Sellin, 1993; Vernoux, 1994). 
The 50% lethal dose (LD50) by the intraperitoneal route in white laboratory mice is 3.6 µg kg-1 b.w. 
for C-CTX-1 and 0.25-0.35 µg kg-1 b.w. for P-CTX-1, which shows its good sensitivity to these 
toxins (Pottier et al., 2001). 

The principle is to extract samples of fish tissue in acetone and then to purify them into two liquid 
partitions using hexane and diethyl ether. This extraction exploits the lipophilic nature of 
ciguatoxins which can be classified as moderate (mean polarity of the same order as that of the 
aflatoxins) because of the presence in their structures of OH polar functions against a background 
of hydrocarbons interspersed with regular polyether functions. The extract containing the 
ciguatoxins is solubilised in Tween 60 1-5% saline solution and then injected into a mouse 
(20 ±2 g) by the intraperitoneal (i.p.) route. Two mice are observed continuously during the first two 
hours, and then monitored regularly until 24 hours after injection.  

The interpretation of the results is based on the symptoms observed and the time-to-death of the 
mice. The typical symptoms of the presence of CTXs are profuse diarrhoea, piloerection, 
respiratory disorders, dyspnoea and, when using male mice, transient preerectional cyanosis of the 
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penis (which can become priapism). With the Indian Ocean toxins, this last symptom is observed 
only very rarely. It therefore does not appear in the classical description for this region. The death 
of 1 or 2 mice within 24h is interpreted as a positive result indicating the presence of ciguatoxins 
(sample therefore non-edible). 

The limit of quantification determined by Lewis (Lewis and Sellin, 1993) is 0.5 nmol kg-1 or 0.56 µg 
P-CTX-1 kg-1 of flesh. The relationship "dose vs time-to-death" is used for quantification and 
mortality is expressed in MU (mouse units). For a mixture of ciguatoxins in fish, this relationship is 
calculated using the equation log (MU) = 2.3 log (1+1/T), where MU is the number of mouse units, 
but in this definition it corresponds to the LD50 (1 MU = LD50, the dose proving lethal to half of the 
population of 20 g mice exposed) and T is the time between injection and the death of the mouse. 
The relationship log (1+1/T) was established by injecting concentrations of pure standard of 2.5 to 
70 ng P-CTX-1 (0.45 -12.5 MU) into the local species of mouse (Lewis and Holmes, 1993). One 
mouse unit MU (LD50 for a 20 g mouse) is equivalent to 5 ng P-CTX-1 (Lewis et al., 1991).  

These notions of a dose/time-to-death relationship were also developed previously for the 
ciguatoxins in the Caribbean with determination of a minimum time-to-death (Vernoux, 1986). The 
work is of interest because, unlike the previous studies, it determines a minimum time-to-death 
(significant at p<0.1%) that can be achieved experimentally by injection of high doses at 5 or 10 
minimum lethal doses (MLDs), such that the determination does not seem to depend on the 
degree of purity of the extracts injected (Vernoux and Talha, 1989). This enables quick-acting 
ciguatoxins, i.e. those with a minimum time-to-death t < 10 min, with early-onset hypersalivation 
and violent respiratory spasms leading to death, to be distinguished from slow-acting ciguatoxins 
with a t < 29 min with the same symptoms but later onset.   

Annex 3 presents a detailed description of different variants of the mouse bioassay. 

3.3.2 Assessment of the mouse bioassay protocols described 

The main extraction steps of all these methods are very similar. They include an acetone extraction 
followed by two liquid/liquid purification steps using hexane and diethyl ether (or vice versa). Wong 
et al. (2009) propose a further purification on Florisil. Considerable quantities of solvent are used, 
the acetone extraction varying from a ratio of 3/1 (Lewis, 2003) to 1/1 (NRL). Washes with hexane 
are practised at least twice, as are most of the partitions using diethyl ether. 

It is important to note that the quantity injected into mice can vary by a factor of 2.5, in terms of fish 
flesh per g of mouse injected. The increase of this factor is limited by interference from the lipid 
extracts that it generates. Table 5 (next page) summarises these variants in the analytical 
protocols. 

The results of bioassays depend on the partially purified ether extracts injected into the mice and 
the toxicity responses of the latter. Both the quantity and quality of lipid residues (presence of other 
toxic compounds) may vary from one species of fish to another. 
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Table 5. Summary of different variants of the mouse bioassay 

 NRL method Vernoux 1994 Lewis 2003 Wong 2009 

Cooking  70°C 70°C 70°C 

Homogenate 100 g 50 g 100 g 100 g 

Extraction Acetone (2x100 ml) 
Acetone (150 ml) and 
then acetone 80% (30 
ml) 

Acetone (2x300 ml)  Acetone (2x300 ml)  

Evaporation Acetone phase Acetone phase Acetone phase Acetone phase 

Re-dissolution 
Extract dissolved in 
H2O (40ml) 

30 ml H2O dissolved in 
10ml EtOH (40ml) 

Extract dissolved in 
MeOH 90% (50ml) 

Extract dissolved in 
MeOH 90% (50ml) 

1st liquid/liquid 
purification 

2x160 ml diethyl 
ether 

2x40 ml diethyl ether 2x50 ml hexane 2x50 ml hexane 

Evaporation Ether phase Ether phase Methanol phase Methanol phase 

Re-dissolution 20 ml MeOH 80% 25 ml MeOH 80% 50 ml EtOH 25% 50 ml EtOH 25% 

2nd liquid/liquid 
purification 

2x40 ml hexane 2x50 ml hexane 3x50 ml diethyl ether 3x50 ml diethyl ether 

Evaporation Methanol phase Methanol phase Ether phase Ether phase 

Re-dissolution 3-5 ml EtOH   
chloroform–methanol 
(97:3)  

chloroform–methanol 
(97:3)  

Evaporation Methanol phase  Dry extract weighed Dry extract weighed 

SPE Florisil 
500 mg/3 ml  

   

20-40mg deposit in 
hexane/acetone 4:1 

Elution acetone / 
MeOH 7:3 (8 Vm)  

Evaporation 

Solubilisation 1 ml Tween 60 1% 
2 ml Tween 60 
1%/saline 

1 ml Tween 60 1-
5%/0.9% saline 

1 ml Tween 60 1-
5%/0.9% saline 

Intraperitoneal 
bioassay 

Injection 0.5 ml/ 
mouse  
2 mice (M) 18-22 g 
eq. 2.5 g fish flesh/g 
mouse  

Injection 0.04 ml g-1 

mouse 
2 mice 18-24 g 

eq. 1 g fish flesh/g 
mouse 

Injection 0.1-0.5 
ml/mouse (i.e. 20 mg) 
2 mice (M&F) 18-22 g 

Injection 0.5-0.5 
ml/mouse (i.e. 20 mg) 
2 mice (F) 18-22 g 

Interpretation 

Monitoring 
symptoms, loss of 
weight and time-to-
death 

Monitoring symptoms 
and time-to-death 

Limit < 0.5 MUg g-1 eq. 
flesh 

Monitoring symptoms 
and time-to-death 

Toxicity in MU 

Monitoring symptoms 
and time-to-death 

Toxicity in MU 

One mouse unit (MU) is defined as the minimum quantity of toxin capable of killing a mouse of 20 g in 24 hours after 
intraperitoneal (i.p.) injection. 

One MUg or mouse unit-gram is defined as the amount of toxin that can kill at the most one gram of mouse in 24h, 
under conditions of injection designed to determine the minimum lethal dose (MLD) or the LD50. 

 

 

3.3.3 Advantages and disadvantages of the mouse bioassay 

The advantages and disadvantages of the mouse bioassay as implemented by the French NRL 
and ARVAM as part of their investigations of outbreaks of ciguatera poisoning and import controls 
are as follows: 
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Advantages:  

- can be used to establish the overall toxicity taking into account the various ciguatoxins 
potentially present; is especially suitable for use in toxicovigilance; 

- on the basis of specific symptoms, it is possible to conclude that CTXs are present, and the 
relationship between the dose and the time-to-death of the mice can be used to calculate 
the concentration of CTXs in the sample; 

- does not need complex instruments. 

Disadvantages: 

- low specificity; 

- does not provide information on the identity of each ciguatoxin analogue present; 

- is not sufficiently sensitive to detect concentrations of ciguatoxins considered to be of no 
risk to humans. The limit of quantification is 0.56 µg P-CTX-1 kg-1 of flesh (Lewis and Sellin, 
1993). However, EFSA (2010) stated that the concentration expected not to exert effects in 
humans would be 0.01 µg eq. P-CTX-1 kg-1 of fish flesh; 

- cannot be automated; it is long and requires a large amount of solvent; 

- requires a large quantity of fish samples (because of its low sensitivity); this point is critical 
when it is necessary to confirm the implication of small species of fish in FBOs or when only 
small quantities of leftovers fish are available; 

- requires specific installations (an animal supply facility) and only qualified and authorised 
staff may conduct experiments on animals; 

- results vary between laboratories, partly due to the animals (species, sex, age, weight); 

- no inter-laboratory validation because of the lack of commercially available standard 
materials. However, inter-laboratory comparison tests are planned between ARVAM and 
the NRL with samples of contaminated fish; 

- for ethical reasons, many countries do not want to use bioassays on animals. 

3.3.4 Application of tests on animals to samples of shark 

The mouse bioassay is suitable for testing shark flesh. Regarding the liver, as sharks are leading 
predators, the presence of various pollutants of the marine environment or natural substances 
(such as vitamin A or squalene) in high concentrations can make extracts toxic for mice and distort 
the result (Hashimoto, 1979; Quod et al., 2001). Tests with chicks could be envisaged, with the 
reservations listed above, and after eliminating the fat from the liver extracts, which contain large 
amounts. 

3.4 The Neuro-2a cell test 

3.4.1 Principle 

The Neuro-2a cell test (on murine neuroblastoma cells) is used regularly for the screening of 
ciguatera toxins in fish. It relies on the ability of CTXs to bind voltage-gated sodium channels 
(Nav), resulting in an increase in the influx of sodium ions into the cell (Manger et al., 1995). The 
combined use of ouabain (which blocks the efflux of Na+ by inhibiting the ATP-dependent Na+/K+ 
pump) and veratridine (which blocks the voltage-gated Na+ channel in the open position) 
accentuates the influx of Na+, thus leading to cell death (i.e. they act as potentiators for the action 
of CTXs). The limit of quantification of the test was estimated to be 0.039 µg eq. P-CTX-1 kg-1 by 
Dechraoui et al. (2005) and 0.0096 µg eq. P-CTX-1 kg-1 by Caillaud et al. (2012).  

Other cell lines may be used, but Neuro-2a cells are highly sensitive to the action of neurotoxins 
(saxitoxins, brevetoxins and palytoxins). 

Neuro-2a cells cultivated in 96-well plates are exposed for 24h to a standard of CTX or extracts of 
fish. With the dose-response curve for a standard of CTX (for example, a pure standard of P-CTX), 
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the measurement of cellular mortality can be used to establish the quantities of CTX-equivalent 
present in the fish. 

Prior to the test, the fish extracts must be verified for non-toxicity at the concentrations studied, in 
the absence of ouabain and veratridine. This preliminary verification aims primarily to characterise 
the maximum concentration of extract that can be tested and for which the death of Neuro-2a cells 
cannot be attributed to a matrix effect. This maximum concentration of extract is likely to vary 
depending on the biological matrices tested.   

A more detailed description of the protocol is presented in Annex 4. 

3.4.2 Advantages and disadvantages of the Neuro-2a cell test 

Advantages: 

- high sensitivity to CTXs; it can detect levels of CTXs of the same order of magnitude as 
those considered without risk to humans;  

- can be used to establish the overall toxicity taking into account the various ciguatoxins 
potentially present, and to estimate the content in CTX equivalent; 

- the model uses an immortalised and therefore stable cell line, which promotes analytical 
repeatability; 

- multiple doses and repetitions possible in 96-well plates; 

- relatively widespread and used in several laboratories. 

Disadvantages: 

- does not provide information on the identity of each ciguatoxin analogue present; 

- not inter-laboratory validated; 

- possibility of interference, depending on the nature of the matrices; 

- also reacts to brevetoxins or other toxins that may bind site 5 of Nav.  

3.4.3 Prospects for the application of the Neuro-2a test to samples of sharks  

It should be possible to apply this test to samples of sharks without difficulty. Nevertheless, it will 
be necessary to check the absence of any matrix effect at the concentrations tested. The test can 
be used to assess the toxic potential of samples and to estimate the content in CTX equivalent of 
the standard used, but it cannot be used to identify analogues of CTXs present. 

3.5 The Radioligand Binding Assay (RBA) 

3.5.1 Principle 

The radioligand binding assay (RBA) is a neuro-pharmacological test which was proposed for the 
first time in the 1980s by Poli et al. (1986), when it became possible to isolate voltage-gated 
sodium channels (Nav) from animal tissue. 
This test is based on the affinity of specific ciguatoxins (CTXs) for site 5 of the α subunits of Nav 
(Lombet et al., 1987). This site is the receptor for two families of marine polyether toxins: CTXs and 
brevetoxins (PbTxs), synthesised respectively by the dinoflagellates Gambierdiscus spp. and 
Karenia brevis (Poli et al., 1986; Lombet et al., 1987; Dechraoui-Bottein, 1999). In the case of the 
detection of CTXs, the RBA measures the binding to this receptor of a radiolabelled toxin, tritiated 
brevetoxin ([3H]PbTx-3), in competition with the non-radiolabelled CTXs, contained in the extract to 
be tested (Poli et al., 1986; Lombet et al., 1987). 

The binding activity of PbTxs and CTXs has been tested on various types of tissues (brain, cardiac 
muscle and skeletal cells) of various origins: human, rat, marine mammals, marine turtles or neural 
tissue of fish, but synaptosomes – rich in Nav – prepared from the brains of rats are most 
commonly used (Dodd et al., 1981; Dechraoui-Bottein, 1999; Bottein Dechraoui and Ramsdell, 
2003; Caillaud et al., 2010 for review). 
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A more detailed description of the protocol is presented in Annex 5. 

3.5.2 Advantages and disadvantages of the RBA 

Advantages:  

- can provide qualitative and quantitative estimates of the ciguatoxins potentially present in a 
biological sample. It is particularly well suited to the detection of CTXs in complex and 
varied biological matrices, such as the cells of Gambierdiscus (Chinain et al., 2010a), the 
liver and flesh of fish (Bottein Dechraoui et al., 2005; Darius et al., 2007; Chinain et al., 
2010b), cyanobacteria, giant clams or sea urchins (Kerbrat et al., 2010; Pawlowiez et al., 
2013); 

- can be used to establish the overall toxicity taking into account the various ciguatoxins 
potentially present; 

- high sensitivity: thus, by using the P-CTX-1 as standard, the limit of detection of the RBA 
for the fish matrix has been estimated at 0.065 µg eq. P-CTX-1 kg-1 and the limit of 
quantification at 0.13 µg eq. P-CTX-1 kg-1. The RBA has also been calibrated with different 
standards of ciguatoxins (P-CTX-1, P-CTX-3C); 

- can be used with raw or partially purified extracts; 

- can be easily automated to allow a large processing capacity, which makes it the tool of 
choice in large scale monitoring programmes of ciguateric risk (Bottein Dechraoui et al., 
2005; Darius et al., 2007; Chinain et al., 2010a, 2010b). The RBA can be practised in tube 
format (Lombet et al., 1987; Lewis et al., 1991; Dechraoui et al., 1999; Bottein Dechraoui et 
al., 2005; Darius et al., 2007; Chinain et al., 2010a, 2010b), but the microplate format is 
also successfully applied to the detection of saxitoxins (STXs) and tetrodotoxins (TTXs) 
which bind site 1 of Nav (Barchi and Weigele, 1979; Van Dolah et al., 1994; Doucette et al., 
1997; Doucette et al., 2000; Llewellyn et al., 2001). For example, since the end of 2011, 
RBA conducted in microplate format has become one of the official methods for the 
detection of STXs (AOAC News, 2012). 

 

Disadvantages: 

- does not provide information on the identity of each ciguatoxin analogue present;    

- also reacts to brevetoxins or other toxins that may bind site 5 of Nav;  

- it would probably be difficult to generalise this test across a set of laboratories because of 
the regulatory constraints governing the possession and handling of radioactive substances 
(training for Personnel Competent in Radiation Protection, costs inherent to the 
management, decontamination and disposal of radioactive waste, etc.) as well as the 
difficulties and the cost related to the synthesis of radiolabelled brevetoxin; 

- not inter-laboratory validated. 

3.5.3 Prospects for the application of the RBA to samples of sharks  

A recent study showed that it was possible today to perform RBA analyses through brevetoxins 
labelled with a fluorescent element, BODIPY® conjugated to PbTx-2 (McCall et al., 2012). 
Fluorescent RBA should thus eventually make it possible to break free of all the constraints related 
to radioactivity and "democratise" this test in laboratories. For the time being, it has been applied to 
four different brevetoxin standards (PbTx-1, PbTx-2, PbTx-3 and PbTx-9) and no significant 
difference between the values obtained with the radioactive vs. fluorescent RBA has been 
observed (McCall et al., 2012). Additional studies are currently under way to try to apply this 
technique to the CTX standards in order to determine the specificity, sensitivity, repeatability and 
reproducibility of these tests, and confirm that the technique is well suited to a wide range of 
biological matrices (including shark flesh). 
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3.6 Immunological tests 

3.6.1 Principle 

Several teams around the world (American, Japanese and French) have conducted research on 
the immunodetection of ciguatoxins. The general principle behind immunological tests involves 
attaching a specific anti-toxin antibody to the antigen for the toxin of interest extracted from the 
sample and then revealing this attachment using a marker, such as an enzyme (e.g. peroxidase). 
The base reagent is an antibody produced by a laboratory animal following the injection of a toxin-
protein compound, where the toxin behaves like a hapten.  

The methods developed include radio-immunoassays (the antibody is labelled radioactively and 
the assay measures the number of disintegrations per second) and enzyme immunoassay tests 
(the dosage is based on the reaction of an appropriate substrate by an enzyme marker covalently 
bound to the antibody, which releases a coloured component whose optical density is measured by 
spectroscopy) including enzyme-linked immunosorbent assay (ELISA) methods on a solid support. 

A more detailed description is presented in Annex 6. 

3.6.2 Advantages and disadvantages of immunological tests 

Advantages:  

- high specificity regarding the toxin used as a hapten; 

- fast, easy to implement, inexpensive; 

- the operating principle could be applied for fast-throughput screening of samples and above 
all it could be used directly in the field by fishing professionals and amateur fishermen (in 
the form of ready-to-use kits for general sale); 

- promising sandwich ELISA technique.  

 

Disadvantages: 

- at present, there are no antibodies (either polyclonal or monoclonal) capable of detecting 
whole molecules of CTXs. The only monoclonal antibodies reported in the literature are 
those directed against synthetic fragments of P-CTX-1, P-CTX-3C and 51-hydroxyP-CTX-
3C (right and/or left part of the molecule) (Tsumuraya et al., 2006, 2010; Pauillac et al., 
2000); 

- they do not provide information on the identity of each ciguatoxin analogue present (unless 
research currently under way leads to the development of monoclonal antibodies 
specifically targeting the analogues of reference CTXs: for example P-CTX-1, P-CTX-3C, 
C-CTX-1, etc.); 

- not inter-laboratory validated. There have been two attempts to develop such a test: the 
Ciguatect® and the Cigua-Check®, but these kits were finally withdrawn from sale because 
of the lack of conclusive results, in particular because of the high percentage of false 
positives and false negatives (Dickey et al., 1994; Bienfang et al., 2011).   

3.6.3 Prospects for the application of immunological tests to samples of sharks  

Because of the absence of antibodies (polyclonal or monoclonal) specifically targeting the 
ciguatoxins of the Indian Ocean, it does not seem appropriate to consider the use of immunological 
tests to characterise the level of contamination of sharks in the Indian Ocean by ciguatoxins. 

3.7 Physico-chemical methods 

3.7.1 State of the art 

Methods for chemical analysis include liquid chromatography with fluorescence detection or mass 
spectrometry. The methods described below are based exclusively on detection by mass 
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spectrometry (LC-MS/MS). Following separation by liquid chromatography, limits of detection and 
quantification by mass spectrometry are better than those for the method using fluorescence 
detection (EFSA, 2010).  

To achieve acceptable limits of detection and quantification, these methods have so far focused on 
the detection of pseudo-molecular ion clusters, i.e. the transitions of pseudo-molecular ions to ions 
representing one or more losses of water.  
For P-CTXs (from the Pacific), methods have been presented by Franco-Australian and Japanese 
teams (Lewis et al., 1999, 2009; Stewart et al., 2010; Yogi et al., 2011), Figure 7 a), b) and d) next 
page. 
The U.S. Food & Drug Administration has also developed a method for the detection of C-CTX-1 
(from the Caribbean) (Abraham et al., 2012; Dickey, 2008), Figure 7c next page.  
No method has been published for the quantification of I-CTXs (from the Indian Ocean) or 
carchatoxins. 
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Figure 7. Separation and limits of quantification of recent LC-MS/MS methods for detecting CTXs of 

the Pacific and the Caribbean: (A) limits of detection and quantification (200 and 600 pg, respectively) by column 
separation according to Lewis et al., 2009, (B) P-CTX-1 eluted at 3.83 min with a peak corresponding to 0.8 µg kg-1, 

according to Stewart et al., 2010, (C) C-CTX-1 in fish (leftovers) peak corresponding to 1.6 µg kg-1 according to 
Abraham et al., 2012, (D) separation of 16 compounds at approximately 1 ng ml-1 according to Yogi et al., 2011. 

The applicability of the LC-MS/MS methods nevertheless remains very limited insofar as there is 
no standard readily available for the quantification of analogues found in fish. Only the Japanese 
distributor WAKO currently provides a non-certified standard solution of CTX-3C, the main toxin 
found in the Pacific strains of Gambierdiscus. The analogues found in fish, following the enzyme 
transformation of algal toxins, are only available through collaborative partnerships with expert 
laboratories (Richard Lewis, Australia; Takeshi Yasumoto, Japan; Mireille Chinain, Tahiti). None of 
these expert laboratories has been able to move on to certification of the purified analogues, 
mainly due to the small quantities of these toxins available, even in these expert laboratories. 

A common weakness of LC-MS/MS methods is the fact that they are based on the detection of 
transitions corresponding to losses of water (Lewis et al., 1999, 2009; Stewart et al., 2010; Dickey, 
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2008) or the detection of transitions of sodium adducts (Yogi et al., 2011). These transitions are 
very common for all natural compounds of the polyether or poly-hydroxy ether type. This 
observation has been demonstrated in many cases for lipophilic toxins such as okadaic acid 
(Pleasance et al., 1990), azaspiracids (Rehmann et al., 2008), or palytoxins (Suzuki et al., 2013). 
Since this loss of water is not specific to CTXs, LC-MS/MS may only be used on semi-purified 
extracts, in order to give them a certain degree of specificity. In the absence of a standard for 
defining the retention time and the molar response factors on a given mass spectrometer, 
LC-MS/MS cannot be used to guarantee either the identity or the quantity of ciguatoxins 
present.   

LC-MS/MS methods typically reach a limit of detection of approximately 0.03 µg eq. PCTX-1 kg-1 of 
fish flesh (Stewart et al., 2010). Only the Japanese method recently submitted claims a limit of 
quantification of 0.01 µg kg-1, a sufficient limit for legislation in the USA (Yogi et al., 2011, US-FDA, 
2011). 

3.7.2 Advantages and disadvantages of physico-chemical methods 

Advantages: 

- high sensitivity to CTXs; 

- the only technique capable of identifying toxins; 

- quantification (in the absence of international standards, relative to a positive control 
specific to the laboratory). 

Disadvantages: 

- complex instrumentation; 

- high cost of analysis; 

- unsuited for processing multiple samples; 

- not inter-laboratory validated. 

3.7.3 Prospects for the application of physico-chemical methods to samples of 
sharks  

As a result of the disadvantages presented above, it does not seem appropriate to consider the 
use of LC-MS/MS for analysing all samples of sharks, but this technique could be used to attempt 
to confirm the presence of known ciguatoxins if results are positive by other screening techniques. 

3.8 Comparison of methods and proposed strategy for analysis 

The objective is to propose an analysis strategy to ensure the health safety of fish for consumption. 
Positive reasons for choosing an analytical tool or a combination of tools capable of handling the 
concentrations considered to be of no risk to humans of specific CTXs in these species of fish, as 
well as the applicability of such tools, are presented below. This is preceded by a brief review of 
current data on risk assessment in these matters. 

3.8.1 Current data on risk assessment, especially regarding concentrations 
considered to be of no risk to humans 

In the Caribbean, since 1997, a concentration of 1 µg C-CTX-1 kg-1 of fish has been proposed as 
the limit for safe consumption (Vernoux and Lewis, 1997).  

For the Pacific region, Lehane and Lewis (2000) estimated that a concentration of 0.01 µg P-CTX-
1 kg-1 of fish flesh would have no effect on consumers (based on the assumption of a meal of 
500 g of fish, of a factor of interindividual variability of 10 and a minimum dose causing effect of 
1 ng P-CTX-1 kg-1 b.w.).  

Dickey (2008) presented the analysis of more than 100 cases of ciguatera poisoning in the United 
States between 1998 and 2008 associated with Pacific and Caribbean fishing regions. According 
to this study, the concentration in fish likely to cause adverse effects in consumers is approximately 



ANSES Collective expert appraisal report  Request 2013-SA-0198 

 

 page 32 / 82 November 2014 

0.10 µg eq. P-CTX-1 kg-1 (Dickey, 2008) or, after conversion, 0.23 µg eq. P-CTX-3C kg-1 (Darius et 
al., 2013). Dickey and Plakas (2010) proposed guideline values of 0.1 µg eq. C-CTX-1 kg-1 for fish 
caught in tropical regions of the Atlantic, the Gulf of Mexico and the Caribbean, and of 0.01 µg eq. 
P-CTX-1 kg-1 for fish from the Pacific Ocean. 

In an opinion published in 2010, experts from EFSA (European Food Safety Authority) were unable 
to propose a toxicity reference value because of limited experimental and epidemiological data, but 
nevertheless concluded that a concentration of 0.01 µg eq. P-CTX-1 kg-1 is expected not to exert 
effects in sensitive individuals.  

The US-FDA (2011) has also determined a guidance level of 0.01 µg eq. P-CTX-1 kg-1 for toxins in 
the Pacific and 0.1 µg eq. C-CTX-1 kg-1 for toxins in the Caribbean. 

Although the European Regulation (EC) No 854/2004 of 29 April 2004 states that "checks [by the 
competent authority] are to take place to ensure that [...] fishery products containing biotoxins such 
as ciguatera or other toxins dangerous to human health [...] are not placed on the market", to date 
the EU has not established a regulatory limit or defined any reference analytical method(s) 
applicable to CTXs. 

In France, ciguatera poisoning is one of the FBOs (foodborne illness outbreaks) for which 
declaration is mandatory. The protocol for managing outbreaks of ciguatera poisoning in the 
French Antilles, updated in 2013 by the DGAL, is based on the observation of the clinical 
syndrome characteristic of ciguatera poisoning. This syndrome associates digestive signs (nausea, 
vomiting, abdominal pain, diarrhoea), neurological signs (hyperaesthesia, paraesthesia, 
dysaesthesia) and skin (pruritus), cardio-vascular and respiratory signs of varying intensity.  

3.8.2 Comparison of the methods described 

After consideration of a few points common to most of these methods, they will be compared on 
the basis of their advantages and disadvantages listed earlier. 

3.8.2.1 Points in common 
 
 Considerations on the extraction of CTXs from the flesh of sharks (and possibly from other 
tissues) 

The extraction of fish tissue for subsequent examination for the presence of CTXs requires the 
adoption of protocols that ensure: 

- a high rate of recovery of CTXs from the different tissues, minimising possible losses; 

- the elimination of undesirable substances that could interfere with the execution of analyses 
or testing. 

Several protocols for the extraction of CTXs in fish samples are described in the literature. The 
choice of these protocols and the need to adopt possible changes may depend on the nature of the 
tissues to be extracted as well as the analyses or tests to be performed. As regards CTXs in shark 
flesh, a first approach could be the adoption of conventional protocols taking into account the fatty 
nature of the shark flesh matrix. To eliminate the fat, samples could undergo extra washing with 
hexane, or the second extraction could be performed with acetone and 20% water. Protocols could 
also be adapted to treat samples that are too fatty, as is the case of shark liver. After cooking and 
subsequent cooling, for example, solidified supernatant fats could be eliminated as a last resort, 
since ciguatoxins do not accumulate in the fatty sections, unlike lipophilic contaminants such as 
certain pesticides (Vernoux, 1986).  
However, fats are not the only sources of interference encountered in some of the tests mentioned 
(RBA and Neuro-2a, in particular). On the basis of the experience of the members of the WG, it is 
often necessary to supplement the liquid-liquid partition step with a solid phase extraction (SPE) 
step. 
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 Considerations concerning CTX standards 

Another critical element is the lack of CTX standards, as noted during the most recent training 
session organised by the EU reference laboratory for marine biotoxins in Vigo (2-3 May 2013). A 
consequence of this lack of standards, for all methods, is that it is impossible to: 

- calculate and verify the recovery rate; 

- validate these methods by organising inter-laboratory tests. 

However, partnerships should make it possible to determine qualitatively whether the P-CTX-1, P-
CTX-3 or C-CTX-1 analogues are present in samples of sharks, with much work still to be done on 
I-CTXs. 

3.8.2.2 Points specific to the different methods 

The mouse bioassay provides overall toxicity, based on the animal's biological response to toxins, 
with the advantage of presenting a characteristic clinical picture. But it has major disadvantages, 
especially in terms of sensitivity and specificity: the limit of quantification is 0.56 µg P-CTX-1 kg-1, 
whereas the concentration considered to be of no risk to humans is 0.01 µg eq. P-CTX-1 kg-1 of 
fish flesh (EFSA, 2010; US-FDA, 2011). For C-CTX-1, the guideline value is 0.1 µg eq. C-CTX-1 
kg-1 of fish flesh (Dickey and Plakas, 2010; US-FDA, 2011) however, the limit of quantification of 
the mouse bioassay is about 5 µg of C-CTX-1 kg-1 (estimated value using the existing factor of 10 
between the LD50 in mice of 0.35 µg eq. P-CTX-1 kg-1 b.w. and 3.6 µg eq. C-CTX-1 kg-1 b.w. in 
mice given by Pottier et al., 2001). 

The Neuro-2a cell test and the RBA also provide overall toxicity and appear ethically more 
acceptable than the mouse bioassay (although it remains necessary to sacrifice animals to obtain 
receptors for the RBA, the number of animals is limited, and the animals are not exposed to toxic 
effects), but these methods are more complex to implement. 

The Neuro-2a test provides high sensitivity, with a limit of quantification of 0.0096 µg eq. P-CTX-1 
kg-1 (Caillaud et al., 2012). It can be used to analyse multiple samples. The US-FDA uses it in 
combination with LC-MS/MS in the event of positive results (Friedman et al., 2008).  

The RBA test can be used with raw or partially purified extracts. It is easy to automate to provide a 
large processing capacity, but requires the handling of radiolabelled products. Studies have shown 
a good match between the values of RBA and those obtained by mouse bioassay, Neuro-2a cell 
tests and the chemical HPLC/MS method as regards the detection of PbTxs and CTXs (Dechraoui 
et al., 1999; Pottier et al., 2003; Bottein et al., 2005; Bottein et al., 2007). 

Analysis by liquid chromatography-tandem mass spectrometry (LC-MS/MS) is increasingly used to 
identify CTXs in fish implicated in foodborne illness outbreaks (Caillaud et al., 2011; Hamilton et 
al., 2002; Hamilton et al., 2010; Lewis and Jones, 1997; Lewis et al., 1999, 2009; Pottier et al., 
2002; Stewart et al., 2010). This method, which is both sensitive and specific, has a limit of 
quantification of 0.03 µg P-CTX-1 kg-1. It is particularly interesting for concentrations below the limit 
of detection of the mouse bioassay (Wong et al., 2005). However, it remains difficult to apply in 
large-scale monitoring programmes requiring the processing of a large number of samples and/or 
the participation of many laboratories. 

3.8.3 Prospects and proposal of analysis strategy 

Any system to determine the safety of foodstuffs in the light of their concentration in chemical 
contaminants must take into account, not only feasibility criteria and knowledge at time t, but also 
the concentration considered to be of no risk to humans and the performance of the analytical 
method in terms of specificity, sensitivity, robustness and repeatability.  

A consideration of the advantages and disadvantages of the methods described in this report 
shows that while the mouse bioassy can detect overall toxicity and is simple to implement, it has a 
limit of quantification (approximately 0.5 µg eq. P-CTX-1 kg-1 and 5 µg eq. C-CTX-1 kg-1) that is 
insufficient as regards concentrations of CTXs considered to be of no risk to humans (0.01 µg eq. 
P-CTX-1 kg-1 and 0.1 µg eq. C-CTX-1 kg-1) by EFSA (2010) and US-FDA (2011).  
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Inversely, LC-MS/MS can achieve a degree of sensitivity close to the concentration considered to 
be of no risk to humans, 0.01 µg eq. P-CTX-1 kg-1, but it is still a sophisticated technique requiring 
a high level of expertise, and is difficult to apply when a large number of samples need to be 
processed in a short time, and by many laboratories. This technique appears more suited for use 
as a method of confirmation to try to identify known toxins and characterise the toxin profile. 

Between these two strategies, the cell toxicity test could eventually become an excellent candidate 
as a reference test for the detection of CTXs (subject to inter-laboratory validation), as Caillaud et 
al. (2012) obtained a limit of quantification of 0.0096 µg P-CTX-1 kg-1. This test therefore offers 
greater sensitivity than the RBA (whose limit of quantification is 0.13 µg eq. P-CTX-1 kg-1). Finally, 
because it can be adapted for the detection of a wide range of marine biotoxins such as 
ciguatoxins, maitotoxins, palytoxins, saxitoxins, brevetoxins, etc. (Pawlowiez et al., 2013), it is 
being used increasingly by laboratories concerned with the issue of marine toxins. As regards the 
implementation of the extraction protocols for subsequent assessment of CTX-like responses by 
cell tests, if matrix effects are encountered, changes could be proposed. 

To summarise and in conclusion, in order to determine the health status of a sample of 
shark in relation to ciguatera risk, it is recommended that a combination of the following 
techniques be used: 

- a mouse bioassay, to find any overall toxicity in the sample; 

- a cytotoxicity test on Neuro-2a cells and/or a test on receptors, which both have higher 
specificity and greater sensitivity than the mouse bioassay; 

- an analysis by LC-MS/MS, to try to confirm the presence of known ciguatoxins if one of the 
above methods gives positive results.  

The data thus produced could then be in a health risk assessment for consumers.  

 

 

3.9 Comments by the WG concerning the results of analyses of tiger 
and bull sharks caught off Reunion Island in 2012 and 2013 

In order to acquire data concerning the contamination of two species of shark (tiger shark 
Galeocerdo cuvier and bull shark Carcharhinus leucas) by ciguatoxins, the services of the 
Prefecture of Reunion Island launched a sampling campaign in 2012 and 2013 which supplied 12 
specimens per species for the detection of ciguatoxins by mouse bioassay. This sampling 
campaign was extended in 2013 with a goal of 45 additional specimens per species.  

To date, 24 specimens (12 per species) have been analysed for ciguatoxins by mouse bioassay 
(table 6) and five of them have also been analysed for heavy metals (lead, cadmium and mercury). 
The results of these analyses were transmitted to ANSES in the framework of the Request from 
the DGAL. 
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Table 6. Results of the analyses by mouse bioassay for the detection of ciguatoxins in the flesh of 24 
shark specimens caught off Reunion Island in 2012 and 2013 (modified CAT 10 method, ANSES 

Maisons-Alfort) 

Note contained in the analysis report: The known symptoms of carchatoxins injected into mice are: paralysis of the limbs, 
dyspnoea, convulsions, diarrhoea and mortality by respiratory arrest in 4h; beyond this period the animals recover (Boisier et 
al., 1995). These symptoms were not observed in the 24 samples tested. However, certain atypical signs (brief diarrhoea) 
were observed for all samples of Carcharhinus leucas (not observed for the samples of Galeocerdo cuvier). This could be 
the result of a matrix effect. The absence of positive matrix (in-house or commercial) and the low sensitivity of the mouse 
bioassay makes it impossible to be more precise as to this specific point.  

 
 

In the light of the evidence presented earlier in the report, although the mouse bioassay 
provided a negative result for the 24 samples of shark flesh analysed, it was not possible to 
conclude with certainty that these samples were not contaminated by toxins at levels that 
could present a risk to the health of consumers. This test is not sufficiently sensitive to 
detect concentrations of ciguatoxins considered to be of no risk to humans. 

Further analyses by cytotoxicity tests on Neuro-2a cells and/or receptor tests, as well as by 
LC-MS/MS, would provide the necessary data. 

ANSES therefore contracted a research and development agreement (RDA) with ARVAM (Agency 
for Research and Marine Exploitation, Reunion Island), in collaboration with IRTA (Instituto de 
Investigación y Tecnología Agroalimentaria, Spain) for these samples of shark flesh from Reunion 
Island to be analysed by cytotoxicity tests on Neuro-2a cells. The final report was submitted to 
ANSES on 21 July 2014.  

The results did not show ciguatoxin-like toxins to be present above the limit of detection of 0.04 µg 
eq. P-CTX-1 kg-1 of flesh. It should be noted that the detection limit is higher than the concentration 
considered to be of no risk to humans of 0.01 µg eq. P-CTX-1 kg-1 of fish flesh (EFSA, 2010; US-
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FDA, 2011). This high limit of detection is mainly due to the matrix, as this was the first time that 
this type of sample had been studied in the laboratory.  

The RDA also included samples from the shark implicated in an outbreak of food poisoning that 
occurred in Madagascar in November 2013 (124 people intoxicated, nine of whom died) for 
analysis by mouse bioassay and by cytotoxicity tests on Neuro-2a cells. Genetic analysis of the 
shark involved concluded that it was a bull shark. The sample of flesh gave a positive result by 
mouse bioassy, with symptoms (prostration, dyspnoea, cyanosis, convulsions and death by 
respiratory arrest) typical of those known for carchatoxins (Boisier et al., 1995). The analysis of a 
sample of flesh, a sample of stomach and three samples of dried fin by cytotoxicity tests on Neuro-
2a cells concluded that ciguatoxin-like toxins were present, with concentrations estimated as 
follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg-1 (i.e. 14 times the concentration considered to be of no 
risk to humans); 

- Stomach: 114 µg eq. PCTX-1 kg-1 (i.e. 11,400 times the concentration considered to be of 
no risk to humans); 

- Dried fin: 0.145 µg eq. PCTX-1 kg-1; 0.158 µg eq. PCTX-1 kg-1; 0.737 µg eq. PCTX-1 kg-1 
(i.e. 14 to 74 times the concentration considered to be of no risk to humans). 
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3.10   Points regarding the ethology of tiger and bull sharks in the seas 
around Reunion Island 

Reminder of the content of Question 2: 

In the event that ANSES should identify a sufficiently reliable method for testing shark flesh for 
ciguatoxins, what data would be necessary to carry out this evaluation and what recommendations 
could be made regarding the protocol for sampling tiger and bull sharks around Reunion Island? 
Particular consideration shall be given to the geographical area concerned and the ethology of 
these two shark speciesin terms of the extent of their movements in the seas around Reunion 
Island. 

Summary of the preliminary results of the acoustic tagging of tiger and bull sharks, from 
data obtained from December 2011 to September 2013, as part of the CHARC programme  

The CHARC programme (on the ecology and habitat of two species of coastal sharks along the 
West Coast of Reunion Island) was designed to collect information on the behaviour of tagged 
individuals to define the various habitats of bull and tiger sharks based on the time spent, and their 
movements, in this area. In collaboration with the CRESSM (Regional Committee for Studies and 
Sports in the Underwater Environment), three fishermen on the west coast of the island, and the 
association Squal'idées and its diving and tagging teams, the scientific team of the French Institute 
of Research for Development (IRD) deployed 49 listening stations and attached coded tags to 81 
sharks: 39 bull sharks and 42 tiger sharks. The study area currently extends from the Port up to the 
city of Saint-Pierre with two additional stations at the exit points from the ports of Sainte-Marie and 
Sainte-Rose. 

These behavioural observations were supplemented by two studies concerning the trophic ecology 
of the sharks studied, and the genetics of populations across the western Indian Ocean. The 
purpose of the study of trophic ecology is to characterise the diet by analyses of stomach contents 
and to identify i) the sources of production on which the individuals and/or species depend and ii) 
the habitat in which they feed on a regular basis. These sources are identified by a comparative 
analysis of the isotopes of carbon, nitrogen, and sulfur, and also of the heavy metals contained in 
samples taken from the environment (water, sediment and prey) and from the sharks themselves 
(muscle and blood). The study of the population genetics of the targeted shark species provide 
information on the genetic diversity of populations (speed of reproduction, inbreeding) and on the 
differentiation of populations (gene flows, effective dispersion within the Indian Ocean). To date, 
few samples have been collected. 

3.10.1 The tiger shark (Galeocerdo cuvier)  

The first results concerning tiger sharks show that little time is spent in the study area (2% of the 
data set). The tagged sharks were detected near three fish aggregating devices further out to sea, 
accounting for 26% of the total time during which these sharks were present in the network of 
stations. These results indicate that tiger sharks around Reunion Island occupy a habitat further 
from shore than the area covered by most of the listening stations.  

It may be important to note the case of one female sub-adult tiger shark, 3 metres in total length, 
tagged at Reunion Island on 6 December 2012, where the island shelf drops steeply at the spot 
known as the Sec de Saint-Paul, 3 km off the coast, which was caught 9 months later on 28 
August 2013 at Morombé on the west coast of Madagascar, a hundred kilometres north of Tuléar. 
In about 9 months, this individual had therefore travelled at least 1800 km crossing the southwest 
part of the Indian Ocean between the two islands. This result suggests that the tiger shark 
occupies a very large biogeographical area, at the scale of the Indian Ocean.  
These results are in agreement with the data from the literature on the spatial occupation of tiger 
sharks and their ability to travel over long distances (Heithauss et al., 2002; Meyer et al., 2009). 
Thus, in a similar programme, Werry et al. (2014) observed the movements of 33 tagged tiger 
sharks in the Western Pacific zone (between New Caledonia and Australia) between 2009 and 
2013. Considerable diversity was observed in the movement profiles, some (14 individuals) 
travelling up to 1141 km while others (especially the young, but also one adult) seemed to prefer 
staying within a given area.  
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The tiger sharks of Reunion Island therefore seem to be part of an open population at the scale of 
the Indian Ocean (interacting with other populations of sharks of the same species).  

The study of the stomach contents of tiger sharks showed a high rate of stomachs that had either 
ejected their contents or were empty (58%). Those with contents showed a great diversity of prey. 
These tiger sharks had consumed sea birds, cephalopods and crustaceans but they were 
predominantly fish-eating, which corresponds to the literature. The isotope values measured show 
that the tiger shark essentially depends on coastal sources of production. Nitrogen values did not 
differ significantly from those of giant trevallies (Caranx ignobilis), dolphinfish (Coryphaena 
hippurus), yellowfin tuna (Thunnus albacares), skipjack tuna (Katsuwonus pelamis) and coastal 
dolphins (Stellena longirostris and Tursiops aduncus), which indicates that these species occupy 
similar trophic positions and that they consume prey at the same trophic level. These species are 
therefore potentially in competition with tiger sharks, although the yellowfin tuna and skipjack 
consume more crustaceans compared to the other species. Deep-dwelling fish have higher 
nitrogen values than those found in tiger sharks. Given the small size of these species as 
compared to sharks, it seems more likely that these species live in water masses whose base lines 
in nitrogen are higher than the surface waters. This result indicates that tiger sharks do not feed 
regularly and significantly at depth, but in surface waters (<150 m), which is corroborated by the 
records of the vertical profiles obtained on a few tagged sharks. It therefore seems likely that tiger 
sharks feed on small fish, where the island shelf drops steeply at the "Sec de St Paul” or St Gilles. 

An analysis of trace elements did not suggest any clear predator-prey relationship. The values 
measured in the sediments show no significant difference between the various stations along the 
west coast of the island, and do not make it possible to identify the preferred feeding habitats of 
tiger sharks.  

3.10.2 The bull shark (Carcharhinus leucas)  

The first results for bull sharks show that they are not present on a permanent basis in the study 
area around Reunion Island. Most seem to explore the 80 km of coastline where the network of 
listening stations is deployed, and some explore the entire island and beyond. They usually only 
come close to the coast briefly, sporadically and mostly at night. They mainly approach the coast in 
the late afternoon (3pm to 5pm, local time) and at nightfall. They are present more frequently in 
winter than in summer but also, on a few sites, mainly during the transition from winter to summer 
or from summer to winter. They are most frequently found at three sites off the western coast: in 
the bay of St Paul, in the seas off St Gilles and Etang du Gol and off Sainte-Marie in the north. 
Their more frequent presence along the coasts in winter could be linked either to search-and-
selection feeding behaviour or to reproductive behaviour. The small number of detections and the 
behaviour of these animals do not indicate an overabundance of individuals but occupation of the 
habitat that varies depending on whether they encounter favourable or unfavourable environmental 
conditions. More than the number of sharks present, it would seem to be the mode of occupation of 
the environment and the environmental constraints that lead some bull sharks to spend time along 
the coast. We know something of which environmental conditions are favourable to bull sharks: 
high turbidity, brackish water and water loaded with organic matter. Other factors, such as 
temperature, ocean swell or the quantity of prey, are being investigated in the framework of the 
CHARC programme. The data concerning these factors were collected and their analysis is under 
way. 

Regarding the study of the movements of bull sharks, a male shark of approximately 3 metres in 
total length was followed in its movements over a large area for 6 months by an external satellite 
tag (MiniPAT, by Wildlife Computers) attached to the rear of the base of the first dorsal fin. The 
results of the analysis indicate that this shark left Reunion Island shortly after being tagged, to 
explore an area approximately 300 km to the south west of Reunion Island, not far from an area of 
shallows known to offshore fishermen, then returning closer to the island (still about 100 km south-
southwest of Reunion Island) before setting off for the north about 300 km from the island, not far 
from another area of shallows also known to fishermen. Finally, it returned to the coast of the 
island at the end of the period of observation (Figure 8). This individual therefore seems able to 
travel long distances in the ocean environment and to stay away from the coast. This result had 
already been obtained during a similar experiment on bull sharks in the Fiji Islands in 2004 
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(Brunnschweiler et al., 2010). This species therefore seems able to visit the pelagic zone and swim 
in very deep waters. The depth of the seabed is no barrier to its movements. Bull sharks are 
therefore perfectly capable of leaving the island and returning to it.  

Studies of the stomach contents of bullsharks showed a high rate of stomachs either turned inside 
out (to eject the contents) or that were empty (46%). Those with contents showed little diversity of 
prey. The bull shark is predominantly fish-eating, consuming mostly large-sized fish (>30 cm), 
which concurs with the literature. The results of the isotope values and trace elements of 
bullsharks and of their prey are not yet available. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
Figure 8. Estimated itinerary of a male bull shark between 15 March and 6 September from light-level 

readings recorded by the sensor of the MiniPAT tag attached to the fin of the shark. (NB: Journeys 
apparently over land are obviously impossible and only due to the imprecision of the measurement.) 

3.10.3 Summary and prospects 

In order to specify the ecological data that would be necessary to follow the dynamics of 
bioaccumulation of ciguatoxins (or carchatoxins) in the food chain, it is important to distinguish 
between multiple sources of variability depending on whether one is working at the scale of the 
individual or of the population.  

At the scale of the individual, the level of contamination depends particularly on the feeding 
behaviour of sharks. Sharks are apex predators (predators at the top of the food chain) and can 
therefore become heavily contaminated through bioaccumulation (Rand et al., 1995). Tiger and 
bull sharks are opportunistic species, capable of colonising a very wide range of habitats and of 
feeding on different species, but they can also feed exclusively on a single species as long as it is 
abundantly available (Stevens et al., 1991; Snelson et al., 1995). More specifically, tiger and bull 
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sharks around Reunion Island are primarily fish-eating and, according to the initial results of the 
CHARC programme, they feed more on coastal fish than on pelagic or deep-sea species. These 
data will need to be refined, but when more is known about the origin and the location of sources of 
contamination, they will help to better understand the variability observed in the processes of 
bioaccumulation and contamination at the scale of individuals.  

At the scale of the population, the level of contamination depends on the number and location of 
the sites of contamination, and on the size and structure of populations of the two targeted shark 
species(degree of connectivity between populations or sub-populations of sharks in the Indian 
Ocean, fragmentation of habitat of the different species, rates of exchange between these 
populations). To date, the initial results of the CHARC programme have shown that the tiger shark 
makes extensive journeys over the ocean and that the bull shark is capable of visiting the ocean 
waters several kilometres from Reunion Island. The size of the populations around Reunion 
Island is unknown and difficult to estimate because there is insufficient information about 
fishing catches. The rate of travel over long distances and the importance of this rate in the turn-
over of local populations around Reunion Island and in other areas where the presence of sharks 
has been noted (such as Madagascar, South Africa and the Seychelles) are unknown. This rate 
may be very low if the events observed in the CHARC programme (a tiger shark tagged at Reunion 
Island caught in Madagascar, a tagged bull shark travelling several kilometres from the island) are 
rare and were only observed by chance. The reasons for these movements (food or reproduction) 
are also unknown. The tiger shark caught in Madagascar was found in a fairly large estuary, known 
to be a nursery area for this species. Had this female gone to give birth in this area or to find 
favourable feeding conditions? When the male bull shark left the island it moved towards areas of 
shallows known to fishermen for their greater abundance of fish. Was this shark following a 
migration route taking it to these feeding sites, or did it arrive there by chance?  

More tagging data will be required to answer these questions. Data from other countries of the 
Indian Ocean rim will provide more information about the movements of these species. A study 
focused on the biology of these species and particularly on the genetics of populations of tiger and 
bull sharks at the scale of the western Indian Ocean would also be a promising area of research. 
The data collected principally at Reunion Island are currently insufficient but a larger programme at 
the scale of the Indian Ocean would provide information about the sites and periods of egg-laying 
and reproduction periods and about the genetic diversity of shark populations (speed of 
reproduction, inbreeding) and the differentiation of populations (gene flows, effective dispersion 
within the Indian Ocean). A kinship analysis of the samples from Reunion Island will identify the 
links between individuals (presence of father/mother, brother/sister, half-brother/half-sister), to 
identify gregarious behaviour and to study the philopatry (tendency of some individuals to remain in 
or return to the place where they were born). It will then be possible to deduce the extent to which 
these species remain faithful to some breeding sites, which will help provide crucial information for 
the determination of the spatial scale at which the sampling strategies must be implemented. 

 
Concerning these sampling strategies and in particular the protocol for sampling tiger and bull 
sharks around Reunion Island, if we knew the percentage of individuals of the total population that 
were contaminated and the number of individuals making up the total population, it would be 
possible to estimate, from laws of probability (such as hypergeometric distribution), the number of 
individuals to be sampled in order to have a good or very good probability of capturing at least one 
individual infected by ciguatoxins (or similar toxins).  
 
At present, in the absence of any estimate of the populations of tiger and bull sharks in the 
seas around Reunion Island, it is not possible to recommend a protocol for sampling 
sharks by which to assess the risks related to a possible authorisation of these species for 
human consumption, as regards the ciguatera risk. 
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4 Prospects - research needs 

Within the strict framework of the questions raised by the Request, the WG identified research 
needs relating to: 

1) the development of diagnostic tools for detecting the presence of ciguatoxins (or similar toxins, 
such as carchatoxins) in sharks, and a plan of action in case of poisoning by consumption of 
shark, which will involve: 

 establishing protocols for sample collection (for example, leftover of meals, fish samples 
taken in the same area) and any other useful information for the study of toxins in the 
tissues of sharks responsible for food poisoning in the area of the Indian Ocean; 

 setting up a network of laboratories and a coordinating body, in order to respond promptly 
in cases of ciguatera-type foodborne illness outbreaks; 

 developing reliable methods for identifying and quantifying CTX-like toxins in different shark 
tissues:  

 optimising extraction protocols; 

 identifying the optimum combination of methods from among mouse bioassay, 
the Neuro-2a test, RBA and LC-MS/MS analysis; 

 establishing the limits of quantification of the mouse bioassay, the Neuro-2a test 
and the RBA test;  

 in the event that toxins other than CTXs are found in sharks (carchatoxins or 
other toxins), developing the protocols for purification and detection specific to 
these toxins. 

 obtaining reference samples of I-CTXs, C-CTXs, P-CTXs and where appropriate of 
carchatoxins (different fish/sharks as source), tools necessary for the laboratory network 
and for the identification of toxins (see following points); 

 launching a programme for validating interlaboratory methods and exercises. 

2) identifying I-CTXs or similar toxins (carchatoxins) in sharks in the Indian Ocean, which will 
involve:  

 setting up a plan for the collection of samples of sharks; 

 characterising and quantifying the I-CTXs or similar toxins (carchatoxins) in these specific 
populations of sharks; 

 isolating the toxic fractions (for example by bioassay-guided fraction) and purifying these 
fractions to identify the toxins; high-resolution mass spectrometry could contribute 
considerably to these studies;  

 studying the distribution of these toxins in the different tissues of sharks (flesh, liver). 

3) studying the toxicity of I-CTXs or similar toxins (carchatoxins): 

 studying the acute toxicity of purified I-CTXs or similar toxins (carchatoxins) by the 
intraperitoneal and oral routes in mice; 

 studying their bioavailability, their tissue distribution and their metabolism in mice. 

4) determining the origin and the transfer of I-CTXs or similar toxins (carchatoxins) in sharks: 

 carrying out ecological studies of the distribution and movements of sharks:  

 at the individual level, improving understanding of the feeding behaviour of sharks 
and the origin of the contamination by ciguatoxins or similar toxins (carchatoxins); 
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 at the population level, acquiring information about the size and structure of the 
populations of the two target species of shark at the scale of the Indian Ocean, the 
rate of travel of local populations around Reunion Island and in other areas where 
sharks have been observed (such as Madagascar, South Africa and the 
Seychelles). To this end, a study focused on the genetics of populations of tiger and 
bull sharks at the scale of the western Indian Ocean is also a promising area of 
research. A kinship analysis of the samples from Reunion Island will enable 
identification of the links between individuals and gregarious behaviour and a study 
of philopatry (tendency of some individuals to remain in or return to the place where 
they were born); 

 studying the size/weight relationship, physiological conditions and the position in the trophic 
chain of shark species responsible for food poisoning, but also of other fish species;  

 identifying the algae/cyanobacteria at the origin of the production of I-CTXs or other toxins 
identified in the tissues analysed and in the areas prospected, especially by acquiring more 
knowledge on species of Gambierdiscus spp. endemic to the seas around Reunion Island 
and their toxin profiles. 
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5 Conclusions of the Working Group  

An analysis of the scientific literature and more widely a search on the internet enabled the 
Working Group to identify and describe cases of food poisoning associated with the consumption 
of shark (flesh and/or liver) from the 19th century to the present day. Cases, sometimes fatal, have 
been reported in New Caledonia, in the Cook Islands, the Gilbert Islands, in French Polynesia, 
Madagascar (particularly in November 2013 and February 2014) and Reunion Island (in 1993). 
The tiger shark was the species implicated in the Gilbert Islands. This species was described in the 
literature as "ciguateric" by Bagnis (1981), on the basis of data collected in the Samoa Islands, Fiji 
and the Mascarene Islands (the Mascarene Islands are an archipelago in the Indian Ocean made 
up of three main islands, Reunion Island, Mauritius and Rodrigues Island, as well as several small 
nearby islands). In Madagascar, tiger shark was associated with at least one case of food 
poisoning reported in the literature, and bullshark with two cases (Champetier de Ribes et al., 
1998). Genetic analysis of the shark involved in the food poisoning that occurred in November 
2013 concluded that it was a bull shark. 

The symptoms observed in these food poisoning incidents associated with the consumption of 
sharks correspond to the characteristic symptoms of ciguatoxins. However, some authors suggest 
that other toxins with similar properties, known as carchatoxins, might be responsible, but whose 
structure has not yet been characterised. More than 175 different symptoms have been identified 
in acute and chronic phases of ciguatera (the name given to poisoning by ciguatoxins). Regional 
differences have been noted and can be attributed to the presence of different ciguatoxins. 
Different ciguatoxins have been identified in the Pacific (P-CTXs), the Caribbean (C-CTXs) and the 
Indian Ocean (I-CTXs). The suggestion cannot be ruled out that carchatoxins could be new 
analogues of ciguatoxins, for example highly oxidised forms. 

Other data concerning the contamination of sharks (flesh or liver), in particular of tiger and bull 
sharks, by ciguatoxins (or similar toxins) were collected and analysed. These data were found in 
studies carried out between the 1960s and the 1980s, using bioassays on mongoose. 

 On the basis of these elements, the CES ERCA believes that it is appropriate to take into 
account not only ciguatoxins but also another type of toxins, specific to certain species of 
shark, currently known as carchatoxins. 
 
The analytical methods for the detection and quantification of ciguatoxins in the flesh of sharks 
were identified and are described. These methods include: tests on animals, in particular mouse 
bioassay, the test on neuroblastoma cells (Neuro-2a), the radioligand receptor binding assay 
(RBA), immunological tests and physico-chemical methods, including liquid chromatography 
coupled with tandem mass spectrometry (LC-MS/MS).  

After considering the strengths and weaknesses of the available analytical methods in 
the light of the complexity and diversity of the toxins that make up the family of ciguatoxins 
(P-CTXs, C-CTXs and I-CTXs), the WG recommends using a combination of the following 
techniques: 

- a mouse bioassay, to find any overall toxicity in the sample; 
- a cytotoxicity test on Neuro-2a cells and/or a test on receptors, which both have 

higher specificity and greater sensitivity than the mouse bioassay; 
- an analysis by LC-MS/MS, to try and confirm the presence of known ciguatoxins in 

the case of positive results by one of the above methods. 

The data thus produced could then be used in a health risk assessment for consumers. 
 

Considering these recommendations (and considering that the samples all gave negative results 
by mouse bioassay), the analysis by mouse bioassay alone of the 24 samples of Reunion Island 
sharks transmitted to ANSES in the framework of this expert appraisal does not provide sufficiently 
reliable results to conclude that they are safe with regard to the presence of ciguatoxins.  
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ANSES therefore contracted a research and development agreement (RDA) with ARVAM (in 
collaboration with IRTA) for these samples to be analysed by cytotoxicity tests on Neuro-2a cells. 
The final report was submitted to ANSES on 21 July 2014. 

The results did not show ciguatoxin-like toxins to be present above the limit of detection of 0.04 µg 
eq. P-CTX-1 kg-1 of flesh. It should be noted that the detection limit is higher than the concentration 
considered to be of no risk to humans of 0.01 µg eq. P-CTX-1 kg-1 of fish flesh.  

The RDA also included samples from the bull shark implicated in an outbreak of food poisoning 
that occurred in Madagascar in November 2013 (124 people intoxicated, nine of whom died) for 
analysis by mouse bioassay and by cytotoxicity tests on Neuro-2a cells. The sample of flesh gave 
a positive result by mouse bioassay, with symptoms (prostration, dyspnoea, cyanosis, convulsions 
and death by respiratory arrest) typical of those known for carchatoxins (Boisier et al., 1995). The 
analysis of a sample of flesh, a sample of stomach and three samples of dried fin by cytotoxicity 
tests on Neuro-2a cells concluded that ciguatoxin-like toxins were present, with concentrations 
estimated as follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg-1 (i.e. 14 times the concentration considered to be of no 
risk to humans); 

- Stomach: 114 µg eq. P-CTX-1 kg-1 (i.e. 11,400 times the concentration considered to be of 
no risk to humans); 

- Dried fin: 0.145 µg eq. P-CTX-1 kg-1; 0.158 µg eq. PCTX-1 kg-1; 0.737 µg eq. PCTX-1 kg-1 
(i.e. 14 to 74 times the concentration considered to be of no risk to humans). 

 
Ethology information concerning tiger and bull sharks in the seas around Reunion Island was 
collected and summarised. These sharks are apex fish-eating predators, able to feed on different 
species. Around Reunion Island they principally inhabit certain specific sites, but are able to 
colonise a very wide range of different habitats and to travel over long distances, even as far as 
Madagascar, where food poisoning outbreaks associated with the consumption of shark have been 
reported recently (November 2013 and February 2014). It would be particularly interesting to know 
whether these sharks also travel from Madagascar to Reunion Island. Nothing is currently known 
about either the origin or the dynamics of bioaccumulation of these toxins in sharks. In addition, 
knowledge of the lifestyle of these two species of shark and their population dynamics is very 
fragmentary and inadequate. Results were obtained and methods of analysis proposed (CHARC 
programme). However, the gaps in our knowledge concerning the ecology of these sharks need to 
be filled to help interpret the data acquired and to serve as a basis for a monitoring plan for 
assessing the risks related to a possible authorisation of these species for human consumption, as 
regards ciguatera risk.  
 
Within the strict framework of the questions raised by the Request, the WG has identified research 
needs relating to: 

- the development of diagnostic tools for detecting the presence of CTXs (or similar toxins, 
such as carchatoxins) in sharks, and a plan of action in case of poisoning from 
consumption of shark; 

- the identification of ciguatoxin analogues or similar toxins (carchatoxins) in sharks in the 
Indian Ocean; 

- the toxicity of these toxins, their origin and how they are transferred to sharks; 

- the size and structure of shark populations in the Indian Ocean as well as their movements 
and the distances travelled.  

 

Date of validation of the Expert Appraisal Report by the Working Group: 25 July 2014 
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Annex 2: Prefectoral Order no.3621/2009/SG/DRCTCV of 24 December 
2009 regulating the trade of certain species of tropical marine fish, 
Prefecture of Reunion Island 
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Annex 3: Detailed description of different variants of the mouse bioassay 

 

CAT-NAT 10 method, ANSES Maisons-Alfort 

This is the mouse bioassay method for detecting ciguatoxins in fish used by laboratories accredited 
by the French Directorate General for Food (ARVAM and French NRL) for their investigations of 
suspected outbreaks of ciguatera poisoning and import controls. It can be applied to fresh, frozen 
or cooked fish. 

 

 

Assessment of the sample's toxicity is based on the time-to-death of the mice. The death of 1 or 2 
mice within 24h is interpreted as a positive result indicating the presence of ciguatoxins (sample 
therefore non-edible). The presence of typical symptoms and/or weight loss 24h after injection are 
also assumed to demonstrate that the sample is positive (limit of edibility). This method cannot be 
used for quantification in the absence of a standard. 

Typical symptoms of the presence of CTX are diarrhoea, piloerection, respiratory disorders, 
dyspnoea and sometimes cyanosis of the penis. 

 

 

 

 

Sample 
extraction 

•Test sample of 100g of minced fish flesh 

•Extraction twice with acetone (2x200 ml) 

•Evaporation filtrate dried in rotor evaporator  

1st liquid/liquid 

partitioning 

•Adding distilled water to the residual aqueous phase (40ml) 

•Extraction twice with diethylic ether (2x160ml) 

•Ether portion dried in rotor evaporator 

2nd 

liquid/liquid 

partitioning 

•Re-dissolved in 80% methanol (20 ml) 

•De-fatted twice with hexane (2x40ml) 

•Methanol portion dried in rotor evaporator 

Solubilisation 

•Re-dissolved in ethanol (3-5 ml) to eliminate traces of water 

•Evaporation of ethanol with nitrogen 

•Reconstitution by 1% Tween 60, sterile (1ml) 

Mouse 
bioassay 

• Injection of 0.5 ml/mouse by the intraperitoneal route (eq. 2.5 g fish flesh per g mouse) 

•2 mice weighing 18 - 22 g 

•Monitoring symptoms, weight loss and time-to-death 
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Mortality within 
24h 

Presence of typical 
symptoms 

Loss of weight 
>5% 24 h after injection 
(for at least 1 mouse out of 2) 

Result 

2/2 

Irrespective of the symptoms and/or the weight loss 

POSITIVE 
non-edible 

1/2 
POSITIVE 
non-edible 

0/2 

Yes Yes 
POSITIVE 
limit of edibility 

Yes No 

No    Yes * 

No No 
NEGATIVE 
Edible 

* If no symptoms are observed even though a loss of weight is recorded at the end of 24h, the observation 
period can be extended to 48h. If the animal regains all the lost weight at the end of 48h, the result can 
then be declared as "limit of edibility - negative".  

Method described by Vernoux (Vernoux, 1994) 

This method served as the basis for the French NRL before the previous protocol was harmonised 
with ARVAM in 2012. 

 

 

* Extraction in methanol is possible when the sample of fish flesh does not exceed 10 g. 

 

Sample 
extraction 

•Cooking step at 70°C and cooling 

•Test sample of 50g of minced fish flesh 

•Extraction with acetone* (150 ml) followed by acetone 80% (30ml)  

•Acetone filtrate dried by rotor evaporator 

1st liquid/liquid 

partitioning 

•Residual aqueous phase (30ml) with added ethanol (10ml) 

•Extraction with diethylic ether (2x40ml) 

•Ether portion dried in rotor evaporator 

2nd liquid/liquid 

partitioning 

•Re-dissolved in 80% methanol (25 ml) 

•De-fatted twice with hexane (2x50ml) 

•Methane portion dried under nitrogen 

Solubilisation 

• If fatty residue > 75 mg: new purification 10ml MeOH 80% / 20ml hexane 

•Reconstitution by 1% Tween 60, sterile (2ml) 

Mouse bioassay 

• Injection of 0.04 ml/g mouse by the intra-peritoneal route (eq. 1 g fish flesh per g mouse) 

•2 mice weighing 18 – 24 g 

•Monitoring symptoms, weight loss at 24h and time-to-death 



ANSES Collective expert appraisal report  Request 2013-SA-0198 

 

 page 65 / 82 November 2014 

Assessment of the sample's toxicity is based on the time-to-death of the mice. The death of 1 or 2 
mice within 24h is interpreted as a positive result indicating the presence of ciguatoxins (non-
edible). Weight loss (> 5%) 24h after injection is also assumed to demonstrate that the sample is 
positive (limit of edibility). 

 

Mortality at 24 
h 

Loss of weight at 24h  
(>5%) 

Toxicity Class * Interpretation 

2/2 -  1 MUg per g eq. flesh Non-edible 

1/2 Yes 0.5 to 1 MUg per g eq. flesh Non-edible 

0/2 

Yes 

< 0.5 MUg per g eq. flesh** 

Limit of edibility 

No Edible 

* One MUg or mouse unit-gram is defined as the amount of toxin that can kill one gram of mouse in 24h, 
under conditions of injection designed to determine the minimum lethal dose (MLD, death of at least one 
mouse) or the LD50 (death of half the mice). The amount of toxin is relative to the body weight (in grams) 
of the mice tested. 

** A study of 306 specimens of Caribbean fish whose toxicity ranged from 0.05 to 3.72 MUg per gram of fish 
flesh established a minimum toxin concentration of 0.5 MUg per gram of flesh (Vernoux, 1988), which is 
equivalent to 1.8 µg C-CTX-1 kg 

-1
 of fish flesh. The level of action established by the US-FDA (2011) for 

C-CTXs is 0.1 µg kg
-1

 eq. C-CTX-1. 

 

Method described by Lewis (Lewis, 2003), figure next page 

Symptoms that are not ciguateric are discarded to avoid any subjective bias in the observations 
(Hoffman et al., 1983). The mice are observed continuously during the first five hours after 
injection, and then monitored regularly until the end of the 24 hours. Weight loss is measured at 
24h and on Day 4. This is because only measuring loss of body weight at 24h does not sufficiently 
reflect the main effect of the extracts injected. The measurement of weight loss at Day 4 is more 
appropriate than at 24 hours to observe the actual effects of extracts. This may be due to the fact 
that the mice cannot have recovered completely after the i.p. injection, and the rectal 
measurements of bodily temperature (optional) can affect the feeding habits and behaviour of the 
mice. 
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Method described by Wong with SPE purification on Florisil (Wong et al., 2009), 
figure next page 

An improvement in the preparation of the sample with the aim of increasing the limit of detection 
and improving the quantification of CTXs in the flesh of fish was obtained by adding a purification 
step on Florisil SPE to increase the purity of the ether fractions (Wong et al., 2005, 2009). The 
purification step on a Florisil cartridge minimises potential interference due to lipids. According to 
the authors, this step of further purification improves the recovery rate of P-CTX-1 to 76%, as 
compared with 63% when using the standard protocol. 

The equation is log (MU) = 2.3 log (1 +1/T), where MU is the number of mouse units (1 MU = DL50) 
and T is the time-to-death. The log (1+1/T) relationship was established by injecting concentrations 
of standard between 10 and 70 ng 0.5ml-1 Tween 60 1%/0.9% saline solution into the mice. In this 
study the LD50 was established at 5.6 ng P-CTX-1.  

Sample 
extraction 

•Cooking 15 min at 70°C then refrigeration to denature the proteins 

•Test sample of 100g of minced fish flesh 

•Extraction twice with acetone (2 x 300ml) 

•Acetone filtrate dried in rotor evaporator at 55°C 

1st liquid/liquid 
partitioning 

•Re-dissolved in 90% methanol (->50 ml) 

•De-fatted twice with hexane (2 x 50ml) 

•Methane portion dried in rotor evaporator at 55°C 

2nd liquid/liquid 
partitioning 

•Re-dissolved in 25% ethanol (50 ml) 

•Triple extraction with diethylic ether (3 x 50 ml) 

•Ether phase dried by rotor evaporator at 55°C 

Solubilisation 

•Re-dissolved by chloroform-methanol (97:3, v:v)  

•Drying with nitrogen gas of an aliquot from which to obtain a dry extract of 40mg 

•Dried extract suspended in Tween 60 at 1-5%/0.9% sterile saline solution (40mg/1ml) 

Mouse bioassay 

• Injection of 0.5 ml/mouse by the intra-peritoneal route  

•2 ICR mice (female/male) weighing 18 - 22 g 

•Monitoring symptoms (hypothermia, diarrhoea, locomotor activity, weight loss on Day 4) and 
time-to-death 
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Wong et al. (2005) used this protocol during a study of FBOs in Hong Kong. The sub-lethal doses 
were estimated at between 0.18 and 0.45 MU/20 mg extract injected. Samples found positive by 
bioassay were analysed by a rapid-detection Cigua-Check® kit. The kit cannot detect CTXs at a 
level lower than 0.05 µg kg-1 flesh and can also produce false positives (Lehane and Lewis, 2000). 
This assessment highlights the inconsistencies between the mouse bioassay and the rapid 
immunodetection kit. The authors therefore conclude that a further review should be carried out to 
check its validity and reliability as a tool for routine detection of CTXs.  

 

 

Sample 
extraction 

•Fish flesh cooked at 70°C for 15min and put in -70°C freezer for 5 min 

•100g fish flesh minced 

•Extraction twice with acetone (2x300ml)  

•Acetone filtrate dried in rotor evaporator   

First liquid/liquid 
partitioning 

•Re-dissolved in 90% of aqueous methanol (50ml) 

•De-fatted twice with hexane (2x50ml) 

•Aqueous methanol portion dried in rotor evaporator   

Second 
liquid/liquid 
partitioning 

•Re-dissolved in 25% of aqueous methanol (50ml) 

•Extract twice with diethyl ether (2x50ml) 

•Diethyl ether portion dried in rotor evaporator   

Solubilisation 

•Re-dissolved in chloroform-methanol (97:3, v:v)  

•Dried under nitrogen gas 

•Dried extract suspended in Tween 60 at 1%/0.9% saline solution (40mg/1ml) 

Mouse 
bioassay  

Wong 2005 

• Injection into mice by intraperitoneal (i.p.) route (0.5 ml per mouse)  

•2 female ICR mice18 - 22 g 

Solid phase 
extraction 

•Florisil SPE Cartridge 500mg/3ml 0.8ml bed volume (Vb) 

•Conditioning with 3 bed vols (Vb) acetone/MeOH 7:3 and then 5 Vb hexane/acetone  4:1 

•Load residue 20-40mg dissolved in hexane/acetone 4:1 (Vb) 

•Wash with hexane/acetone 4:1 (4 Vb) 

•Elute with acetone/MeOH 7:3 (8 Vb) 

•Rinse with MeOH (2 Vb) and then 2x5 Vb 

•Fractions dried under nitrogen gas and weighed 

Mouse bioassay 
Wong 2009 

•Dried extract suspended in Tween 60 at 1%/0.9% saline solution (40mg /1ml) 

• Injection into mice by intraperitoneal (i.p.) route (0.5 ml per mouse) 

•2 female ICR mice18 - 22 g 

•Signs monitored (hypothermia, diarrhoea, locomotor activity, body weight decrease on day 4) 
and time-to-death 
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Annex 4: Detailed description of the protocol for the Neuro-2a test 

According to Caillaud et al. (2012) 

The extraction procedures may be revised if the assay is to be used in combination with other 
analytical methods, depending on the matrix (flesh, liver, viscera). 

Extraction and purification procedure of CTXs from fish samples 

Fish flesh were extracted and purified according to the protocol described in Lewis (2003). Briefly, 
10 g portions of fish flesh was cooked at 70°C for 10 min and mixed for 5 min in 30 ml acetone 
(Ultraturax, 17,500 g). Acetone soluble extract was recovered after 5-min centrifugation at 600 g at 
4°C (Joan MR23i, Saint Herblain, France) and filtrated using 0.45 mm nylon filters. The extraction 
with acetone was repeated twice and both acetone soluble extracts were pooled and dried on a 
rotary evaporator (Büchi Rotavapor® R-200, Flawil, Switzerland). 

The dried extract was further purified using liquid/liquid partition in order to eliminate excessive 
fatty acids that may interfere with the detection of CTXs. For that purpose, dried extract was 
dissolved in 5ml methanol:water (9:1) and partitioned twice with 5ml nhexane (1:1, v/v). The n-
hexane fractions were discarded and the methanol:water fraction was dried for further purification 
(Büchi R-200). The dried extract was dissolved in 5ml ethanol:water (1:3) and partitioned twice with 
5ml diethyl ether (1:1, v/v). The ethanol:water fraction was discarded and the diethyl ether fractions 
were pooled, dried, then dissolved in 4ml methanol and kept at -20ºC until analysis. 

Neuroblastoma (neuro-2a) cell maintenance and cytotoxicity assay 

Neuro-2a cells (ATCC, CCL131) were maintained in 10% foetal bovine serum (FBS) RPMI medium 
(Sigma-Aldrich, St. Louis, MO, USA) at 37°C in a 5% CO2 humidified atmosphere (Binder, 
Tuttlingen, Germany) as described (Cañete and Diogène, 2008). For experiments, cells were 
seeded in a 96-well microplate in 5% FBS RPMI medium at an approximate density of 35,000 cells 
per well. Cells were incubated in the same conditions of temperature and atmosphere as described 
for cell maintenance. 

After 24h incubation of the neuro-2a cells and just before exposure to fish extracts and CTX 
standard solution to be tested, one half part of the microplate received 0.1 mM ouabain (Sigma-
Aldrich) and 0.01 mM veratridine (Sigma-Aldrich) allowing a reduction of 20% in cell viability 
(Canete and Diogène, 2008). An equivalent amount of fish extract or P-CTX-1 standard solution to 
be tested was first evaporated until dry under N2 flux at 40º C (TurboVap, Caliper, Hopkinton, USA) 
to remove the methanol completely. Dried extracts were further dissolved in 5% FBS RPMI 
medium, serially diluted in the same medium and 10 ml of each concentration was directly added 
into the well of both halves of the microplate (with and without O/V treatment) in order to compare 
cell response in the presence and absence of O/V treatment. An equal volume in each well was 
corrected using phosphate buffer solution. All doses as well as all experiments were performed in 
triplicate. 

The LOQ of P-CTX-1 for the method was evaluated using a non-toxic fish sample (when no toxic 
effects were observed with and without O/V treatment under the limit of tissue equivalent [TE] 
exposure set) spiked with P-CTX-1. For that purpose, neuro-2a cells were exposed to 20 mg TE 
ml-1 spiked with P-CTX-1 at concentrations ranging from 0.01 to 10 pg P-CTX-1 mg TE-1. Eight 
repetitions of this experiment were done during the same day in order to test the repeatability of 
the assay (intra-assay variability) and three repetitions of the same experiment were done on 
different days in order to test the reproducibility of the assay (inter-assay variability). 

When toxicity of fish extracts was observed only in the presence of O/V treatment and under the 
limit of TE exposure, this toxicity was considered as Na+ channel-activating toxicity, and for this 
study it was considered as CTX-like toxicity, assuming no PbTx is present. The sensitivity of the 
neuro-2a cells to the presence of CTX was calibrated each day of the experiment with a standard 
solution of P-CTX-1 at 20 ng ml-1. The CTX-like content in the samples tested was quantified after 
analysis of cell viability, as further described below. 
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Cytotoxicity evaluation and results analysis 

After 24h exposure of the neuro-2a cells to fish extracts and P-CTX-1 standard material, cell 
viability was used as an endpoint for cytotoxic effects measurement. Cell viability was assessed 
using the colorimetric [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium] MTT assay (Mosmann 
1983). Absorbance values were read at 570nm using an automated multi-well scanning 
spectrophotometer (Biotek, Synergy HT, Winooski, VT, USA) and results were further analysed 
using the Prism4 software (GraphPad, San Diego, CA, USA). The viability of cells was expressed 
in relation to the viability of the corresponding cell control (with or without O/V treatment) and the 
50% of effects (IC50

O/V+) was calculated according to the dose–response curve obtained using a 
sigmoid regression curve with a variable Hill slope. In the present study we considered responses 
producing less than 20% cell mortality as a non-toxic effect; the concentration inhibiting 20% of cell 
viability (IC20) was set as being the limit of detection (LOD) and the LOQ of the method. For a 
quantitative estimation of the content in P-CTX-1 equivalents in fish extracts, the concentration of 
P-CTX-1 standard material that induced 50% of toxic effects (IC50

O/V+ for P-CTX-1) was used to 
estimate the concentration of P-CTX-1 eq. in fish TE, considering the amount of TE that induced 
50% of toxic effects (IC50

O/V+ for fish TE). In borderline samples, the quantitative estimation of the 
content in P-CTX-1 equivalents was estimated at the LOQ of the method. 

Significant differences between repetitions of experiments (intra- and inter-assay variability) were 
evaluated using ANOVA with a 95% confidence level. 
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Annex 5: Detailed description of the protocol for the RBA test 

According to http://www.ilm.pf/testbinding  

Principle behind the method 

The sodium channel is a trans-membrane protein present in large quantities in the membranes of 
excitable cells which lets sodium ions pass through selectively. The analysis of this channel, 
purified from the brains of rats, showed that it comprises three sub-units. The diagram below 
shows the alpha sub-unit (α 260 kDa) associated with the beta 1 (β1 36 kDa) and beta 2 (β2 33 
kDa) sub-units. The β1 sub-unit is linked to the α sub-unit by non-covalent bonds while the β2 sub-
unit is linked by disulfide bridges (S-S). The three sub-units are heavily glycosylated on the 
external face of the molecule and the α sub-unit has many sites of phosphorylation (P) on its 
internal surface. 

 

Specific high-affinity attachment on site 5 of the α sub-unit of the sodium channel 
 (modified diagram from Catterall, 1986) 

 
Attachment sites of marine toxins (STXs, TTXs, PbTx, CTXs, etc.) 

Pharmacological competition studies, on ion flow measurements (22Na) and mutagenesis have 
identified six receptor sites on the sodium channels in mammals, numbered 1 to 6. These sites are 
the receptors for the attachment of many neurotoxins associated with the sodium channel activated 
by the action potential. 

Site 5 of the alpha sub-unit of the sodium channel is the receptor for two families of polyether-type 
marine toxins: ciguatoxins (CTXs) and brevetoxins (PbTxs), produced respectively by the 
dinoflagellates Gambierdiscus spp. and Karenia brevis. 

The specific property of these toxins of binding site 5 of the sodium channel made it possible to 
develop a detection test known as the "ligand-receptor binding assay". This test is used to detect 
and quantify the CTXs present in a sample of algae or fish. 

 The theoretical principle 

If a radioligand (L*) is placed in the presence of its receptor site (R), a radioligand-receptor 
complex is formed. A balance is struck between these two states which can be expressed by the 
following equation: [L*] + [R] ⇔ [L*-R]. 

If increasing concentrations of non-labelled inhibitory molecules are added to this mixture and 
enter into competition with the radioligand, the number of receptors available will decrease, which 
is reflected by a decrease in the quantity of labelled complex formed. The curve representing the 

Ciguatoxins, CTX Brevetoxins, PbTx 

Extracellular 

Lipid bilayer 

Intracellular 

http://www.ilm.pf/Testbinding
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percentage of complex formed as a function of the concentration of the inhibitor (I) on a semi-Log 
scale is a sigmoid. 

 

 

Modified diagrams from Bottein Dechraoui, 1999 

 

 

 

 

Thanks to the use of a radio-labelled [
3
H]PbTx-3/sodium 

channel, it is possible to monitor the movement of the radio-
labelled PbTx by the CTXs potentially present in a biological 
sample, by measuring the decrease in radioactivity in the 
reaction tube. This decrease curve enables us to determine 
the IC50. 

Concentration of CTX 
necessary for deplacing 50% 
of the total complexed 

[
3
H]PbTx-3  

Receptor 

Inhibitor 

Complex 

CTXs have greater affinity with 
PbTxs for receptor 5 of the sodium 
channel and when a PbTx/protein-
social channel complex is brought 
together with a CTX, these replace 
the PbTxs by competition on the 
protein-sodium channel. 
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 The test in images 

The different steps of this test follow the protocol of Dechraoui et al. (1999). 

 

 

Obtaining and purifying sodium channels 

At present, the sodium channels are obtained from membrane preparations from excitable brain 
cells of rats, also called synaptosomes. The protocol used is based on that of Dodd et al. (1981), 
whose major steps are listed below: 

- Ordering frozen rat brain from an accredited animal supplier; 

- Preparation of brain homogenates followed by three centrifugation operations as illustrated 
below (modified according to Bottein Dechraoui, 1999): 

Synaptosoma 

Sodium channel 

Toxin receptor 

[
3
H]PbTx-3 

CTXs to be titred 

Step 1 

Step 2 Step 3 

Step 4 Step 5 

Competition reaction: 

Incubation 1 hour at 

4°C 

Filtration: 

Elimination of non-fixed 
toxins 

Incubation 1h30 

The scintillator amplifies the 
signal emitted by the complexed 

radioactivity 

The TRILUX: counting the complexed 
radioactivity 

 Obtaining a competition curve 

Scintillator 

Photomultiplicators 
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- The proteins of the synaptosomes are assayed according to the Bradford method, with the 
optimum concentration necessary for the detection test being between 60 and 80 mg ml-1 
of protein. 

The "ligand-receptor interaction" detector test requires the use of a radiolabelled toxin: tritiated 
brevetoxin, [3H]PbTx-3. 

The use of radioelements is highly specialised and is governed by the texts issued by the 
European Union under the name EURATOM. The French regulations and standards result from 
the transposition of these European texts as well as the guidelines of the International Commission 
on Radiological Protection (ICRP). 

Homogenate of rat brain 
1

st
 low-speed centrifugation 

Supernatant S1 
1

st
 high-speed 

ultracentrifugat. 

Interphase  
2

nd
 high-speed 

ultracentrifugat. 

Pellet C3  
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Mitochondria 

Pellet C1  
Cell kernel and debris 

Supernatant S2 
Microsomes, 
ribosomes 

Supernatant S3 
Fragments of 

myelin 
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Annex 6: Detailed description of the various possibilities for 
immunological tests  

Several teams around the world have carried out research on the immunodetection of ciguatoxins: 
mainly an American team, Hokama's team at the University of Hawaii, a Japanese team under the 
present leadership of Pr. Hirama and a French team under the direction of Dr S. Pauillac of the 
Institut Pasteur during secondment to the Louis Malarde Research Institute in Tahiti from 1992 to 
1999 and, therefore, in collaboration with the Tahiti team under the present leadership of Mireille 
Chinain. 

Historically, it was Hokama's team that launched the first studies. Thus, the first polyclonal 
antibodies directed against ciguatoxins were produced in sheep in 1977 by repeated injections of 
complexes of ciguatoxins combined with human serum albumin (HSA) obtained with carbodiimide, 
which is a chemical toxin coupling agent with a native or acquired acid-protein function (Hokama et 
al., 1977). A radio immuno-assay (RIA) was developed with these antibodies (Kimura et al., 
1982a,b), and later an enzyme immuno-assay (EIA) (Hokama et al., 1983, 1984). A methodology 
by attachment to a stick of plant matter, the "Bamboo stick test", was developed for practical use 
by probing the flesh of fresh fish to detect the possible presence of ciguatoxins. The polyclonal 
antibodies were then replaced by monoclonal antibodies. Hokama thus described the use of 
monoclonal antibodies produced from the conjugation of okadaic acid (OA) with HSA, which had 
an affinity with ciguatoxins equal to or greater than that observed for OA(Hokama et al., 1985, 
1988, 1989). Then other monoclonal antibodies directed specifically against ciguatoxins by the 
same method were produced, again by Hokama's team. These different antibodies were detected 
by labelling either with peroxydase (Solid-Enzyme ImmunoAssay or S-EIA) or with blue-coloured 
particles of latex (Solid-Phase Immunobead Assay or S-PIA) (Hokama et al. 1990, 1992, 1993, 
1998a,b). 

The industrialisation phase was then launched and the first immuno-test, called Ciguatect®, was 
marketed by Hawaii Chemtect International, Pasadena, USA. Then, after an evaluation phase and 
a renaming of the above company, a new test, the Cigua-Check®, based on the same analytical 
principle, was marketed by the Hawaiian company Oceanit Laboratories. It was Dr Park who first 
promoted the production and sale of these tests (Park, 1994). The principle was as follow: first any 
potential fish ciguatoxins are adsorbed on a bamboo stick covered with a corrective coating (to act 
as a non-specific adsorbant, such as silicic acid or Florisil) by simply probing the fish flesh 
repeatedly with this. After drying and rapid fixing in the methanol, the stick is submerged in a 
suspension of antibody marked with blue latex. When rinsed, the stick turns blue, darker or lighter 
depending on the quantity of antibodies adsorbed on the ciguatoxins held on the stick. Positive and 
negative controls must be performed. But this test returns up to 25% of false negatives which 
means that it needs standardised scientific validation before it can be used (Dickey et al., 1994). 
Moreover, as it is presented as being capable of detecting OA and CTXs, at the time it was never 
possible to know what type of antibody was used, considering that it is much easier to prepare 
antibodies directed against OA (which has an acid function) than against CTXs (with no acid 
function), as OA was readily available in significant quantities whereas ciguatoxins are available in 
limited quantities, often lower than 1 mg! It would also seem that the monoclonal antibodies used 
came from a selection of those synthesised by the population of 5C8 hybridomas obtained in 1986 
(which would mean the ones targeting okadaic acid) following publication by Hokama of the data 
for reproducing the OA antibody method regarding the composition in antibodies of the solutions 
supplied with Cigua-Check® (Hokama et al., 1998a,b). Unfortunately, Legrand et al. (1998) and 
Richard Lewis (Lehane and Lewis, 2000) both confirmed the relative non-validity of this test, and 
even demonstrated the absence of reaction with purified C-CTX-1 (Vernoux, personal 
communication). At this time it was also indicated that there was little chance that antibodies 
prepared against P-CTXs would react fully with C-CTXs given the very different epitope terminals 
(Pottier et al., 2001). However, the product remained on the market both for Caribbean fish and for 
Pacific Ocean fish until 2005, at which time it was removed from the market 
(http://cigua.com/onlinestore/product_info.php?cpath=24&products_id=29; go to the last page). On the same date, 
the Hokama team reported having improved the specificity of the antibodies and announced that 
their "Bamboo stick test" was capable of detecting P-CTXs and C-CTXs at the very low levels of 

http://cigua.com/OnLineStore/product_info.php?cPath=24&products_id=29
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0.078 to 5 ng ml-1 with no cross-reaction with OA, palytoxin and domoic acid (Campora et al., 
2006). However, this test did not reappear on the market [moreover, this test was recently criticised 
and its basis questioned (Bienfang et al., 2011)]. Nevertheless, C.E. Campora, representing 
Oceanit, responded sharply (Ebesu and Campora, 2012). In reality, the path followed up to that 
point by Hokama's team was modified and they switched to the sandwich ELISA method (whose 
principle is set out below with the focus on the work of the Japanese teams because they are the 
ones who developed it) which shows a good correlation with the test on neuroblastoma 2A cells 
(Campora et al., 2008). For this sandwich ELISA method, Campora et al. (2008) used antibodies to 
capture initial ABCD anti-cycles of P-CTXs produced by chickens (IgY) as well as a reactive 
monoclonal antibody in mice (IgG) directed against the JKLM terminal fragment already mentioned 

and conjugated to horseradish peroxidase (HRP). The ELISA by competitive inhibition (CIEA) 
detection technique leads to an LoD (limit of detection) of approximately 5 pg ml-1 of equivalent 
CTX per mg of extract (corresponding to 5 × 10-12 M), which is of the same order of magnitude as 
that of the test on neuroblastomas. In addition, this CIEA test provides similar results on extracts 
from the flesh of fish caught in natura or farmed by aquaculture (Campora et al., 2008, 2010).  

The French and Japanese teams worked in collaboration but adopted totally different and 
complementary scientific approaches to try to resolve the problem of the immunodetection of 
ciguatoxins, which is itself a textbook case because it involves four major issues: very low 
quantities of usable ciguatoxins (< 1mg), very high toxicity, structural and epitopic variability, and 
low mass (barely more than 1000 Da), which results in haptens not directly immunogenic thus 
requiring a toxin-protein pairing. These quantity constraints mean that it is only possible to produce 
monoclonal antibodies, since these require low quantities of toxins on small laboratory animals 
such as rats or mice, which thus enables unlimited production of monoclonal antibodies, unlike the 
production of polyclonal antibodies which requires large quantities of antigen to be injected into 
larger animals such as sheep, goats or horses. Regarding the epitopic variability, ideally it should 
be possible to prepare different monoclonal antibodies and market them in a mixture, but that 
currently seems far off. And on the subject of toxin-protein pairs, a way must be found to 
miniaturise the techniques so as to permit the production of antibodies despite the very small 
quantities of toxins available.  

This is where Serge Pauillac's team come into the picture (Pauillac et al., 1995) because at that 
time it had barely 1 mg of P-CTX1B to work with. In order not to waste this stock of toxin, they had 
to develop a whole new approach to the miniaturisation of toxin-protein pairing techniques on other 
model molecules that were commercially available in sufficient quantity, acetylbenzoic acid, 
cholesterol hemisuccinate and brevetoxin PbTx-3 type PbTx2 (which also acts on site 5 of Nav) 
(Pauillac et al., 1998; Naar et al., 1998, 1999). They transformed 400 µg of PbTx-3 into its mono-
succinylated derivative with a yield of 100%, which enabled them to conjugate it with HSA (human 
serum albumin) and to prepare specific antibodies (Naar et al., 2001). The use of a synthetic 
fragment of the P-CTX-1, the JKLM fragment, with the help of Japanese colleagues who provided 
the fragment, has also been described in this context. 

 
The Japanese teams announced that they could get round the problem of the lack of pure CTXs by 
preparing conjugate proteins with haptens like the JKLM terminal fragment of the CTX-1, as early 
as 1994 (Sasaki et al., 1994). A carboxylic acid derivative with this fragment of CTX-1 was thus 
prepared with bovine serum albumin (BSA) and ovalbumin (OVA), for the purpose of immunisation 
and assessment of the responses of antibody production respectively (Pauillac et al., 2000). In this 
study, the conjugates were prepared with 3 to 5 mg of hapten using an activated ester in a semi-
organic medium (bulk activated ester method) or with a microtechnique (300 μg of hapten) via the 
formation of a mixed anhydride in a reverse micellar medium. The two pairing methods provided 
densities of epitopes of the same order of magnitude: 20 and 12 for the BSA and OVA conjugates, 
respectively. Monitoring of the response regarding the production of monoclonal antibodies (Mabs) 
or of polyclonal antibodies (Pabs) in mice showed that a long-term immunisation protocol 
(injections 4 weeks apart) was more effective than a short-term immunisation protocol (injections 
two weeks apart). With detection in CIEA mode, the long-term Pabs had stronger affinity (KD = 7 x 
10-9 M), together with narrow specificity, whereas the short-term Pabs had a weaker affinity (10 
times less) but greater immunoreactivity for the JKLM fragment of CTX congeners that have it. No 
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cross-reaction was observed for PbTx-3, OA, monensin, or for other polyethers. In order to 
enhance the sensitivity of this test, a system of amplification by biotin-avidin can be used which 
lowers the LoD for the JKLM fragment to 1.23 × 10-9 M. The development and application of these 
immunoassays was pursued (Pauillac et al., 2002) and their evolution reported in 2010 in the 
article by Caillaud et al. (2010).  

 
In Japan, Hirama's team had been working from the beginning of 1990 on the synthesis of 
ciguatoxins with a view to being able to produce appreciable quantities and was also attempting 
the successful synthesis of structures as complex as that of such polyethers as are only produced 
by certain dinoflagellates (Hirama et al., 2001; Inoue et al., 2002, 2004, 2006a,b). The founding 
efforts of the current immunological approach, that of the direct sandwich ELISA technique, were 
made by Oguri et al. (2003), as reported in the abstract attached below. 

Abstract of "Synthesis-based approach toward direct sandwich immunoassay for 
ciguatoxin CTX-3C” (Oguri et al., 2003) 

 

Ciguatoxins are the major causative toxins of ciguatera seafood poisoning. Limited availability of ciguatoxins 
has hampered the development of a reliable and specific immunoassay for detecting these toxins in 
contaminated fish. Monoclonal antibodies (mAbs) specific against both ends of ciguatoxin CTX-3C were 
prepared by immunisation of mice with protein conjugates of rationally designed synthetic haptens, 3 and 4, 
in place of the natural toxin. Haptenic groups that possess a surface area larger than 400 Å

2
 were required to 

produce mAbs that can bind strongly to CTX-3C itself. A direct sandwich enzyme-linked immunosorbent 
assay (ELISA) using these mAbs was established to detect CTX-3C at the ppb level with no cross-reactivity 
against other related marine toxins, including brevetoxin A, brevetoxin B, okadaic acid, or maitotoxin.  

 

These two pentacyclic fragments corresponding to the two terminal parts of CTX-3C (named 
ABCDE and IJKLM) were thus paired with the keyhole limpet hemocyanin (KLH) and BSA. After 
the mice had been immunised with the two KLH conjugates, they produced several monoclonal 
antibodies (Mabs). Two were selected because of their very high reactivity to their corresponding 
cyclic fragment as well as to CTX-3C, and also because of the lack of any cross-reaction to non-
corresponding cyclic fragments or to other structurally connected marine biotoxins such as OA, 
PbTx congeners or maitotoxin (MTX). And therefore a direct sandwich ELISA based on the use of 
the selected monoclonal capture antibody i.e. MAb 10C9 (KD = 2.8 x 10-9 M for ABCDE) and on 
the detection Mab 3D11 for the other end (KD = 1.22 x 10-7 M for IJKLM) conjugated to 
horseradish peroxidase (HRP) was proposed as the reference method with an LoD of 5 Nm for the 
detection of CTX-3C. The authors rightly conclude that it must be possible to generalise this 
strategy to all CTX congeners. This assumption proved accurate, as 3 years later, the production 
of Mabs against the common cycles and terminals of CTX-1 and 51-hydroxy CTX-3C became 
possible by using a conjugate KLH protein from the synthetic HIJKLM fragment (Tsumuraya et al., 
2006). MAb 8H4 was chosen because it is very reactive in capturing the right terminal fragment of 
51-hydroxy CTX-3C (KD = 7.5 x 10-8 M). It also discriminates perfectly, as it distinguishes the 
compounds that do from those that do not contain the hydroxyl OH function in position 51 (OH-51). 
And as previously, a direct sandwich ELISA method was chosen, using as capture antibodies MAb 
10C9 (KD = 2.8 x 10-9 M for the cyclic fragment of the left-hand end of CTX-3C and 51-hydroxy 
CTX-3C) and, as a new antibody detector, MAb 8H4 (KD = 7.5 x 10-8 M for the cyclic part of the 
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right-hand end of the 51-hydroxy CTX-3C) combined with the HRP. This gave an LoD of only 1 Nm 
for 51-hydroxy CTX-3C. Finally, more recently, Tsumuraya and his collaborators (Tsumuraya et al., 
2010) reused the MAb 10C9 clone for the capture (directed against the left side of CTX-3C) with, 
for detection, another monoclonal antibody, MAb 3D11 (KD = 1.22 x 10-7 M for the right terminal of 
CTX-3C), and obtained an LoD of 5 Nm for CTX-3C. Furthermore, another approach described by 
the Hirama group involves the production of recombinant antibody fragments (rFabs) for the anti-
fragment ABCD part (Nagumo et al., 2004). The principle is based on the deduction that the 
epitope recognised by the anti-CTX MAbs encompasses more than 3 cycles, and the mouse MAbs 
transformed into ABC-KLH conjugates were genetically modified using a phage-display Abs 
technology. During the CIEA study, the three carefully selected rFabs gave KD values for the free 
ABCD fragments ranging from 2.4 x 10-5 M to 5.0 x 10-5 M. In addition, rFab 1C49, which has the 
highest reactivity for ABCD, can also react with CTX-3C, albeit less strongly. This type of 
experiment and other studies (Tsumoto et al., 2008; Ui et al., 2008; Tsumaraya et al., 2010) have 
confirmed the importance of the use of fragments with more than 4 cycles as synthetic haptens for 
creating hapten-protein conjugates in order to produce CTX anti-congeners with high affinity and 
specificity. The use of the combined monoclonal antibodies Mabs 10C9 and 3D11 (against 
respectively the left and right portions of CTX-3C) effectively permits a preventive neutralisation in 
vivo of poisoning in mice (Inoue et al., 2009). 

There are therefore antibodies currently available with a promising sandwich ELISA technique 
whose principle was even used by the Hokama team, as reported above (Campora et al., 2008, 
2010), but there remain problems regarding the diversity of ciguatoxins and the necessary 
versatility of the antibodies.  
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Annex 7: Tracking changes to the Report 

Date Version Page Description of the change (in blue, italic) 

24/11/2014 03 01 Text of 25 July 2014 

July 2014 

Revised text 

November 2014 

24/11/2014 03 02 Text of 25 July 2014 

Report: 25 July 2014  ●  version: 2 

Revised text 

Report: 24 November 2014  ●  version: 3 

24/11/2014 03 36 
and 
44 

Text of 25 July 2014 

The analysis of a sample of flesh, a sample of oesophagus and three 
samples of dried fin by cytotoxicity tests on Neuro-2a cells concluded 
that ciguatoxin-like toxins were present, with concentrations estimated 
as follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg
-1

 (i.e. 14 times the 
concentration considered to be of no risk to humans); 

- Oesophagus: 114 µg eq. P-CTX-1 kg
-1

 (i.e. 11,400 times the 
concentration considered to be of no risk to humans);  

- Dried fin: 0.145 µg eq. P-CTX-1 kg
-1

; 0.158 µg eq. PCTX-1 kg
-1

; 
0.737 µg eq. PCTX-1 kg

-1
 (i.e. 14 to 74 times the concentration 

considered to be of no risk to humans). 

Revised text 

The analysis of a sample of flesh, a sample of stomach and three 
samples of dried fin by cytotoxicity tests on Neuro-2a cells concluded 
that ciguatoxin-like toxins were present, with concentrations estimated 
as follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg
-1

 (i.e. 14 times the 
concentration considered to be of no risk to humans); 

- Stomach: 114 µg eq. P-CTX-1 kg
-1

 (i.e. 11,400 times the 
concentration considered to be of no risk to humans);  

- Dried fin: 0.145 µg eq. P-CTX-1 kg
-1

; 0.158 µg eq. PCTX-1 kg
-1

; 
0.737 µg eq. PCTX-1 kg

-1
 (i.e. 14 to 74 times the concentration 

considered to be of no risk to humans). 

25/07/2014 02 01 Text of 26 June 2014 

June 2014 

Revised text 

July 2014 

25/07/2014 02 02 Text of 26 June 2014 

Report: 26 June 2014  ●  version: 1 

Revised text 

Report: 25 July 2014  ●  version: 2 

25/07/2014 02 03 Text of 26 June 2014 

The work described in this report was monitored and adopted by the 
Expert Committee (CES): 

CES ERCA "Assessment of physico-chemical risks in foods" - in 
plenary meetings of 19 November 2013, 17 March 2014, 14 April 2014, 
26 June 2014 and by electronic means on 3 July 2014. 
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Revised text 

The work described in this report was monitored and adopted by the 
Expert Committee (CES): 

CES ERCA "Assessment of physico-chemical risks in foods" - in 
plenary meetings of 19 November 2013, 17 March 2014, 14 April 2014, 
26 June 2014 and by electronic means on 3 July 2014. An updated 
version of the results was adopted by the Chair of the CES ERCA 
electronically on 25 July 2014, following the receipt of additional 
information on 21 July 2014. 

25/07/2014 02 35-36 

 

Text of 26 June 2014 

In the light of the evidence presented earlier in the report, although the 
mouse bioassay provided a negative result for the 24 samples of shark 
flesh analysed, it was not possible to conclude with certainty that these 
samples were not contaminated by toxins at levels that could present a 
risk to the health of consumers.  

Further analyses by cytotoxicity tests on Neuro-2a cells and/or receptor 
tests, as well as by LC-MS/MS, would provide the necessary data. 

ANSES therefore contracted a research and development agreement 
(RDA) with ARVAM (Agency for Research and Marine Exploitation, 
Reunion Island), in collaboration with IRTA (Instituto de Investigación y 
Tecnología Agroalimentaria, Spain) for these samples of shark flesh 
from Reunion Island to be analysed by cytotoxicity tests on Neuro-2a 
cells.  

The preliminary results obtained from the 24 samples of shark flesh 
from Reunion Island did not reveal any toxicity in this test at the doses 
tested. 

The RDA also included samples from the shark implicated in an 
outbreak of food poisoning that occurred in Madagascar in November 
2013 (124 people intoxicated, nine of whom died) for analysis by mouse 
bioassay and by cytotoxicity tests on Neuro-2a cells. Genetic analysis 
led to the conclusion that it was a bull shark. The sample of flesh gave a 
positive result by mouse bioassay; the first results obtained on Neuro-
2a cells cannot yet be interpreted. The symptoms observed in mice 
(prostration, dyspnoea, cyanosis, convulsions and death by respiratory 
arrest) are typical of those known for carchatoxins (Boisier et al., 1995). 
Three samples of fin and one of oesophagus were also tested on 
Neuro-2a cells and the first results show an activity typical of that for 
ciguatoxins in these samples, especially strongly in the sample of 
oesophagus. These preliminary results are currently undergoing 
confirmation.  

Revised text 

In the light of the evidence presented earlier in the report, although the 
mouse bioassay provided a negative result for the 24 samples of shark 
flesh analysed, it was not possible to conclude with certainty that these 
samples were not contaminated by toxins at levels that could present a 
risk to the health of consumers. This test is not sufficiently sensitive to 
detect concentrations of ciguatoxins considered to be of no risk to 
humans. 

Further analyses by cytotoxicity tests on Neuro-2a cells and/or receptor 
tests, as well as by LC-MS/MS, would provide the necessary data. 

ANSES therefore contracted a research and development agreement 
(RDA) with ARVAM (Agency for Research and Marine Exploitation, 
Reunion Island), in collaboration with IRTA (Instituto de Investigación y 
Tecnología Agroalimentaria, Spain) for these samples of shark flesh 
from Reunion Island to be analysed by cytotoxicity tests on Neuro-2a 
cells. The final report was submitted to ANSES on 21 July 2014. 
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The results did not show ciguatoxin-like toxins to be present beyond the 
limit of detection of 0.04 µg eq.  P-CTX-1 kg

-1
 of flesh. It should be 

noted that the detection limit is greater than the concentration 
considered to be of no risk to humans of 0.01 µg eq. P-CTX-1 kg

-1
 of 

fish flesh (EFSA, 2010; US-FDA, 2011). This high limit of detection is 
mainly due to the matrix, as this was the first time that this type of 
sample had been studied in the laboratory. 

The RDA also included samples from the shark implicated in an 
outbreak of food poisoning that occurred in Madagascar in November 
2013 (124 people intoxicated, nine of whom died) for analysis by mouse 
bioassay and by cytotoxicity tests on Neuro-2a cells. Genetic analysis 
led to the conclusion that it was a bull shark. The sample of flesh gave a 
positive result by mouse bioassay, with symptoms (prostration, 
dyspnoea, cyanosis, convulsions and death by respiratory arrest) 
typical of those known for carchatoxins (Boisier et al., 1995). The 
analysis of a sample of flesh, a sample of oesophagus and three 
samples of dried fin by cytotoxicity tests on Neuro-2a cells concluded 
that ciguatoxin-like toxins were present, with concentrations estimated 
as follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg
-1

 (i.e. 14 times the 
concentration considered to be of no risk to humans); 

- Oesophagus: 114 µg eq. P-CTX-1 kg
-1

 (i.e. 11,400 times the 
concentration considered to be of no risk to humans); 

- Dried fin: 0.145 µg eq. P-CTX-1 kg
-1

; 0.158 µg eq. PCTX-1 kg
-1

; 
0.737 µg eq. P-CTX-1 kg

-1
 (i.e. 14 to 74 times the concentration 

considered to be of no risk to humans). 

25/07/2014 02 44 Text of 26 June 2014 

ANSES therefore contracted a research and development agreement 
(RDA) with ARVAM (in collaboration with IRTA) for these samples to be 
analysed by cytotoxicity tests on Neuro-2a cells.  

The preliminary results obtained from the 24 samples of shark flesh 
from Reunion Island did not reveal any toxicity in this test at the doses 
tested.  

The RDA also included samples from the bull shark implicated in an 
outbreak of food poisoning that occurred in Madagascar in November 
2013 (124 people intoxicated, nine of whom died) for analysis by mouse 
bioassay and by cytotoxicity tests on Neuro-2a cells. The sample of 
flesh gave a positive result by mouse bioassay; the first results obtained 
on Neuro-2a cells cannot yet be interpreted. The symptoms observed in 
mice (prostration, dyspnoea, cyanosis, convulsions and death by 
respiratory arrest) are typical of those known for carchatoxins (Boisier et 
al., 1995). Three samples of fin and one of oesophagus were also 
tested on Neuro-2a cells and the first results show an activity typical of 
that for ciguatoxins in these samples, especially strongly in the sample 
of oesophagus. These preliminary results are currently undergoing 
confirmation.  

Revised text 

ANSES therefore contracted a research and development agreement 
(RDA) with ARVAM (in collaboration with IRTA) for these samples to be 
analysed by cytotoxicity tests on Neuro-2a cells. The final report was 
submitted to ANSES on 21 July 2014. 

The results did not show ciguatoxin-like toxins to be present above the 
limit of detection of 0.04 µg eq. P-CTX-1 kg

-1
 of flesh. It should be noted 

that the detection limit is higher than the concentration considered to be 
of no risk to humans of 0.01 µg eq. P-CTX-1 kg

-1
 of fish flesh. 

The RDA also included samples from the bull shark implicated in an 
outbreak of food poisoning that occurred in Madagascar in November 
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2013 (124 people intoxicated, nine of whom died) for analysis by mouse 
bioassay and by cytotoxicity tests on Neuro-2a cells. The sample of 
flesh gave a positive result by mouse bioassay, with symptoms 
(prostration, dyspnoea, cyanosis, convulsions and death by respiratory 
arrest) typical of those known for carchatoxins (Boisier et al., 1995). The 
analysis of a sample of flesh, a sample of oesophagus and three 
samples of dried fin by cytotoxicity tests on Neuro-2a cells concluded 
that ciguatoxin-like toxins were present, with concentrations estimated 
as follows: 

- Flesh: 0.144 µg eq. P-CTX-1 kg
-1

 (i.e. 14 times the 
concentration considered to be of no risk to humans); 

- Oesophagus: 114 µg eq. P-CTX-1 kg
-1

 (i.e. 11,400 times the 
concentration considered to be of no risk to humans); 

- Dried fin: 0.145 µg eq. P-CTX-1 kg
-1

; 0.158 µg eq. PCTX-1 kg
-1

; 
0.737 µg eq. PCTX-1 kg

-1
 (i.e. 14 to 74 times the concentration 

considered to be of no risk to humans). 

25/07/2014 02 44 Text of 26 June 2014 

Date of validation of the Expert Appraisal by the Working Group: 25 July 
2014 

Revised text 

Date of validation of the Expert Appraisal by the Working Group: 25 July 
2014 
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Notes 
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