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Of the six major poisoning syndromes recorded in French 
Polynesia, ciguatera is the main, if not only, cause of sea-
food poisoning [1]. It is usually caused by eating edible 
reef fish that has been naturally contaminated by ciguatox-
ins (CTXs). Ciguatera is highly dynamic and can spread 
endemically or sporadically in outbreaks. CTXs are pro-
duced by the unicellular microalga Gambierdiscus, which 
proliferates episodically in highly degraded coral ecosystems 
(Figure 1). 
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Intense Gambierdiscus colonisation in reef ecosystems is 
what triggers reef-food-chain contamination. The toxins 
produced by the microalgae gradually accumulate in herbiv-
orous fish as they graze on micro-algal turfs covering dead 
coral. The toxins then accumulate in carnivorous fish that 
prey on the toxic herbivorous fish. As the toxins accumulate 
along the food chain, they eventually reach consumers at the 
pyramid’s summit (Figure 2). Thereby, natural disturbances 
in coral ecosystems such as cyclones, tsunamis, coral bleach-
ing and Acanthaster planci infestation, as well as man-made 

causes like dynamiting, landfill and coral aggregate quarry-
ing, are factors that should be considered likely to lead to 
ciguatera outbreaks. Because CTXs are very stable, they stay 
active even after fish is frozen, cooked, salted or smoked. 
In all, some 400 lagoon species are thought to be potential 
poison vectors. In a ciguatera-affected area, however, not all 
species are necessarily toxic for humans, and the same is true 
for even very closely related species. Also, only some fish of 
a particular species may prove to be toxic and, those that do 
vary from one island to another, making risk management in 
the most ciguatera-prone lagoons more difficult. 

Figure 1.  Gambierdiscus spp., the ciguatera-causing 
dinoflagellate, seen through an optical microscope. © ILM

Figure 2.  Diagram showing how ciguatera toxins travel up  
through the food pyramid. © ILM

Seafood is a source of both basic nutrition and significant income for many communities in the Pacific region. Unfortunately, many 
cases of food poisoning occur every year after eating seafood, including fish, shellfish and bivalve molluscs. This is because the seafood 
involved contains toxins produced by phytoplankton, which are then bio-accumulated in marine food webs. The rise in the number 
of cases of food poisoning and their spread to previously unaffected areas of the world, clearly indicate that seafood safety is a growing 
public health concern and economic challenge, not only regionally but globally as well. 
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While lagoon fish were long thought to be the only ciguat-
era vectors, recent research demonstrates that some marine 
invertebrates such as giant clams (Tridacna maxima), 
sea urchins (Tripneustes gratilla) and gastropods (Tectus 
niloticus) (Figure 3) can also contribute to atypical and 
sometimes more severe forms of ciguatera, also known as 
ciguatera shellfish poisoning. These forms have so far been 
reported in French Polynesia, New Caledonia, Vanuatu and 
the Cook Islands [2, 3]. 

Essentially, the seafood-related toxic hazard in French 
Polynesia is now a persistent public health issue with con-
crete social and economic fallout. Two of the main hurdles 
standing in the way of sustainable marine resource use in 
Pacific Island countries and territories (PICTs) are: (i) 
no internationally-approved reference detection test; and 
(ii) the limited availability of pure ciguatox-
ins required for the calibration of current 
detection tests, which is a definite obstacle 
to implementing large-scale monitoring pro-
grammes (cf. section on ‘molecular detection 
of Gambierdiscus’).

Early ciguatera research in the Pacific by pio-
neering American, Japanese and French Poly-
nesian teams started in the early 1960s. In 
French Polynesia, it all began with an outbreak 
of 33 severe poisoning cases after eating giant 
clams on Bora Bora, Society Islands, between 
April and July 1964 and resulted in three 
deaths. The local authorities commissioned 
a consultancy to the island by two American 
experts, Profs Banner and Helfrich, from the 
University of Hawaii. It was not until 1976, 
however, when Prof. T Yasumoto and Dr R 
Bagnis conducted research in the Gambier 
Islands during an unprecedented toxicity out-
break, that the agent causing ciguatera, i.e. 
Gambierdiscus microalga, was at last formally 
identified [4]. That historic discovery would 
pave the way for several decades of research 
in French Polynesia, the only Pacific Island 

country that currently has a permanent ciguatera research 
unit, i.e. the Toxic Microalgae Laboratory (LMT) based 
within the Louis Malardé Institute (ILM) in Tahiti. Since 
2012, the LMT has been conducting research in close part-
nership with the French Institute for Development Research 
(IRD) in French Polynesia, as part of the ESSENTIA3 Pacific 
Island Ecosystem joint research unit (UMR 241-EIO).

The strategy adopted by French Polynesia in ciguatera con-
trol is an integrated approach that tackles the issue from vari-
ous angles, namely epidemiology, the environment, biology, 
toxicology and medicine (Figure 4). On the sidelines of the 
research per se, the LMT also carries out community educa-
tion, and awareness work and training for development or 
skill transfer purposes as part of technical co-operation with 
countries in the Asia-Pacific region.

Figure 3.  Examples of marine invertebrates that cause atypical ciguatera food poisoning in French 
Polynesia:  A) giant clam or pahua (Tridacna maxima); B) sea urchin or hava’e (Tripneustes gratilla);  
C) trochus (Tectus niloticus). © ILM

3  http://wwz.ifremer.fr/umr_eio/Equipes/Equipe-3-ESSENTIA

Figure 4.  Integrated approach used in French Polynesia for ciguatera research.

Update on ciguatera research in French Polynesia
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1. Epidemiological surveillance of marine 
biotoxin poisoning cases

French Polynesia is one of the few Pacific countries to have 
a country-wide ciguatera epidemiological surveillance pro-
gramme. It is implemented in collaboration with the public 
health staff of all 61 healthcare facilities located throughout 
the country, including outlying hospitals, clinics, medical 
centres and dispensaries, and aims at narrowing down the 
aetiology of the various forms of marine biotoxin poisoning 
and monitoring the yearly incidence both on each island and 
country-wide [5]. Under the programme, a standard form 
is completed by the relevant facility’s public health staff for 
each reported patient. Information is gathered on age, gender, 
island of residence, symptoms, number of previous ciguatera 
poisonings and details of the seafood eaten, e.g. whether it 
was fish or not, the species, part eaten and fishing area. Case 
reporting by practitioners is, however, optional. Since 2007, 
all notification forms have been filed centrally at ILM, which 
issues a yearly summary report. The general trend observed 
in French Polynesia as a whole since 2007 points towards a 
stable annual incidence rate (IR), although rates can differ 
considerably from one island to another, ranging from 2 to 
1,500 cases per 10,000 inhabitants, depending on the island 
or island group. These figures are, however, heavily distorted 
by a high under-reporting rate and could quite possibly be 
at least doubled, as in more than half the reported cases 
patients stated they had shared the toxic food with others at 
table who had also gone on to develop symptoms, but only 
one form had been completed [5] (Figure 5). For this reason, 
major efforts are being made to broaden the current report-
ing programme’s reach, mainly by building a dedicated cigu-
atera website  that went on line in late 2014 (www.ciguatera.
pf; www.ciguatera-online.com). In addition to opening up 
the notification programme to private practitioners and the 
general public, the site also provides web users with access 
to participatory and dynamic, real-time mapping of toxic-
hazard areas and the marine species involved in any poison-
ing cases. Extending the website to the Asia-Pacific region 
is currently being explored with two international agencies, 

i.e. the International Atomic Energy Agency (IAEA) and 
the UNESCO Intergovernmental Oceanographic Commis-
sion (IOC), with additional funding from the French Pacific 
Fund (CiguaWatch project).

As a result, the surveillance programme identified both 
the scarce areas that are still ciguatera-free and, in contrast, 
a number of ciguatera hotspots [5, 6] that are ideal for 
research or where ecotoxicology investigations combined 
with preventive work could be carried out. A distance gradi-
ent has generally been observed in the IRs with the island 
groups furthest from Tahiti showing the highest IRs, due 
mainly to dietary differences observed between island 
groups. Also, based on the significant number of people 
who reported poisoning after eating only fish heads and/or 
viscera, it would appear vital to maintain or even reinforce 
the public health message that strongly warns against eating 
such fish parts, which are known to store more toxins than 
other parts do [5].

The surveillance also highlighted the fact that new forms of 
poisoning similar to ciguatera were emerging or re-emerg-
ing after popular marine invertebrates in French Polynesia, 
particularly giant clams, had been eaten [2], with the latest 
being a collective food-borne disease incident involving nine 
tourists who had eaten gastropod molluscs (Tectus niloti-
cus or trochus) in 2014 on Nuku-Hiva in the Marquesas 
Islands [7]. These atypical poisoning forms, referred to by 
the generic term ‘ciguatera shellfish poisoning’ or CSP, were 
researched in depth under the ARISTOCYA programme 
(2009-2012) funded by the French National Research 
Agency (ANR). This investigation showed that such poi-
soning, which had been reported elsewhere in the Pacific, 
e.g. Lifou, New Caledonia, Vanuatu and Cook Islands, was 
probably caused by a proliferation of marine cyanobacte-
ria in the Oscillatoriales family (Oscillatoria, Hydrocoleum, 
Trichodesmium), which are able to produce several toxin 
families that would also require surveillance [8, 9, 10]. 

More recently, research has shown that giant clams (Tridacna 
maxima) are also capable of metabolising Gambierdiscus 
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Figure 5.  Incidence rate of reported ciguatera cases in French Polynesia’s five archipelagos  
from 2007 to 2015 (www.ciguatera-online.com).
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toxins in their tissues and organs after being exposed ex situ 
to highly-toxic cultures of this microalga [11]. Experiments 
to identify CTX depuration pathways and kinetics in this 
locally-popular bivalve are on-going.

2. Detection methods and technology watch 
At the moment, health-hazard surveillance in terms of phy-
cotoxins in French Polynesian waters and marine products 
focuses exclusively on Gambierdiscus and ciguatoxins. Aside 
from this now efficient surveillance process, there is also the 
issue of the possible health impact of other microalgal spe-
cies that have already been reported in our waters and are 
behind emerging events in other parts of the world. There 
is considerable potential for new, emerging health hazards 
related to the toxicity of certain algae, as shown by recently-
identified palytoxin-producing Ostreopsis strains on Rapa 
Island in the Austral Islands or the unprecedented report 
of the dinoflagellate Azadinium sp. on Nuku-Hiva in the 
Marquesas in 2015 [12], some species of which produce 
azaspiracids: cyclic imines that cause diarrheic food-poison-
ing in coastal Europe. As a result, the laboratory’s strategy 
for developing ad hoc analytical methods is firmly based on 
an approach that combines surveillance (using tests that are 
able to detect substances that have so far not been included 
in the current monitoring system, or only inadequately) 
and a ‘technology watch’, i.e. constantly improving current 
tools. In order to meet this dual objective, several innova-
tive microalgae and/or phycotoxin detection methods have 
been introduced into the current surveillance framework.

Passive monitoring devices (window-screens and SPATT 
filters)

Window-screens (WS) are artificial substrates for assessing 
microalgal species abundance in the marine phytobenthos. 
[13]. They are rectangular, artificial substrates made up of 
fibreglass screen-pieces submerged in the natural environ-
ment for short periods of less than 24 hours (Figure 6). 
This novel technique has a major advantage over standard 
natural substrate-based methods, which involve sampling 
the macrophytic algae that are benthic microalgae’s natural 
substrate, because WS samples contain less debris and con-
taminating micro-organisms and can thus be directly tested 
using molecular biology techniques (e.g. qPCR, cf. section 
entitled ‘Molecular detection of Gambierdiscus’) and so, 
provide valuable information on the structure and genetic 
diversity of benthic communities closely associated with 
ciguatera-producing biotopes. By using this technique, it 
was shown, for example, that up to six Gambierdiscus species 
could co-exist on a single site on Mangareva Island, a histor-
ical ciguatera hotspot in the Gambier group. The artificial 
substrate technique also lends itself very well to monitoring 
other dinoflagellates often associated with Gambierdiscus in 
ciguatera-generating biotopes, including Ostreopsis, Proro-
centrum, Amphidinium and Coolia [14, 15].

SPATT (solid-phase adsorption toxin tracking) filters are 
tools for concentrating toxins and consist of a resin formed 
by microbeads that can trap a broad range of lipophilic toxins 
produced and spread through the water during algal blooms 
[16]. When combined with high-resolution testing tech-
niques, such as liquid chromatography coupled with tandem 
mass spectrometry (LC-MS/MS), the method can prove to 
be an excellent toxic-bloom early-warning system. The use-
fulness of such cheap, easily-designed systems, which are also 
well-suited to French Polynesia’s widely scattered islands, is 
currently being assessed as part of collection campaigns in 
several at-risk lagoons in French Polynesia (Figure 7). 

Figure 6.  In situ view of window-screen artificial substrates for 
monitoring Gambierdiscus populations. © ILM

Figure 7.  Deploying toxin-concentration devices (SPATT 
filters) in the wild. © ILM

Update on ciguatera research in French Polynesia
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Preliminary studies show that SPATT filters are useful 
in the time-integrated sampling of a large array of toxins 
including CTXs, maitotoxin, okadaic acid and azaspiracids 
that already inhabit our waters [17, 18].

Molecular detection of the ciguatera-causing 
Gambierdiscus microalga

Monitoring Gambierdiscus populations on specific fish-
ing grounds is a key aspect of ciguatera assessment and 
management campaigns. The genus displays a remarkable 
morphological and genetic diversity with no fewer than 13 
currently-known distinct species and three related globular 
species (Fukuyoa spp.), each of which is widely-distributed 
geographically and has a different toxicity level [19, 20, 21]. 
Differences in toxicity can also be observed between the 
strains of the same species [22]. Such genetic diversity and, 
more importantly, varying and unpredictable toxin produc-
tion in dinoflagellates mean that Gambierdiscus blooms can 
prove dangerous at any given time and must be viewed as 
suspect. Our ability to detect and quantify the different 
species in natural microalga populations will have pro-
found implications for the ciguatera-risk surveillance and 
early-warning system’s performance and reliability. Follow-
ing collaboration with the Centre for Coastal Fisheries and 
Habitat Research (NOAA, North Carolina) team, qPCR 
tests targeting specific Caribbean and French Polynesian 
Gambierdiscus species are now available [23]. This tech-
nology is a major step forward in hazard management, as 
it allows for prior monitoring of Gambierdiscus blooms in 
both qualitative and quantitative terms before significant 
amounts of CTXs accumulate in the lagoon food web. It 
also paves the way for cross-regional research into the micro-
alga’s bio-geography in the hope of better understanding the 

variations observed in ciguatera outbreak severity between 
the regions of the world.

By systematically carrying out toxin screening on the 100 
Gambierdiscus strains in ILM’s algal collection (Figure 8), sev-
eral ‘super-productive’ ciguatoxic strains have been identified 
and are prime material for several innovative research areas:

(i)  mass production and purification of algal CTXs, which 
have enabled us to acquire a unique bank of stand-
ards. Having the pure toxins required as standards for 
detecting CTXs is a major development asset for the 
laboratory against a backdrop of globalised ciguatera 
outbreaks and the heightened demand for standards of 
CTXs from laboratories seeking to acquire ad hoc test-
ing capacity;

(ii) experiments to explain and mimic algal CTX biotrans-
formation pathways in vitro and in silico towards the 
more oxidised (and more toxic) metabolic forms found 
most often in higher trophic levels;

(iii)  experimental contamination of popular local fish spe-
cies through gavage so as to more clearly understand 
CTX toxin kinetics and the metabolic processes that 
govern CTX transfer to and bio-accumulation in 
marine food webs. Early results suggest that algal CTX 
retention in fish tissue is closely tied to CTX chemical 
composition (e.g. polarity and lipophilic nature) [24]. 
This approach, if used on several representative fish 
species for different trophic levels such as herbivorous 
and carnivorous, will explain why some fish families 
such as surgeon fish, giant grouper and bluefin trevally 
are more of a poisoning hazard than others.

Figure 8.  Maintaining the algal collection containing approximately 100 Gambierdiscus strains  
at the Louis Malardé Institute Toxic Microalgae Laboratory. © ILM

Update on ciguatera research in French Polynesia
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Marine biotoxin detection tests

A succession of CTX-detection methods have been 
explored at ILM. Historically, the mouse bioassay was the 
earliest method used at the laboratory and it led to progress 
in toxin research spanning several decades. It was based on 
observing symptom severity and nature and - standardised 
(age, sex and weight) animal survival rates and used to assess 
a sample’s overall toxicity, but its main drawback was its 
limited sensitivity. It was finally discarded in 2008, due to 
difficulties in implementing it and increasingly stringent 
legislation on live-animal experiments. Other, more precise 
methods were subsequently explored based on physical, 
chemical, pharmacological and immunological processes, 
though with varying degrees of success [25]. 

The approach currently favoured in the laboratory to pro-
vide the most reliable possible testing services to consum-
ers and commercial fisheries is to use a combination of 
two functional tests, namely a neuroblastoma cell-based 
assay (CBA-N2a) and a radioactive receptor binding assay 
(rRBA) that have roughly the same advantages in that 
specificity and sensitivity are high with a detection limit 
ranging from 10-10 to 10-12 M based on the FDA-recom-
mended safety threshold; applicability to a wide range of 
sometimes complex biological matrices (including algal 
or cyanobacterial cell extracts, fish or giant clam flesh and 
blood); and a high sample processing capacity, as testing 
can easily be automated. CBA-N2a is additionally a good 
alternative to the mouse bioassay for assessing a samples’ 
overall toxicity and is remarkably flexible in detecting a 
wide range of toxins (e.g. ciguatoxins, palytoxin, maitotox-
ins, brevetoxins and saxitoxins), and so is perfectly suited 
to the monitoring requirement referred to in the introduc-
tion to this chapter. That is why the test is currently being 
used routinely for fishing-ground monitoring and lagoon 
seafood safety checks in French Polynesia [6], with rRBA 
only being used for confirming specific instances of CTXs 
in suspect matrices. That test requires using a radioactive 
marker, is difficult to operate and strictly regulated, mak-
ing it very costly and financially unviable. As part of the 

laboratory’s technology watch, collaboration has begun 
with the University of North Carolina at Wilmington 
(UNCW) to migrate rRBA towards a high-throughput 
format using a fluorescent marker or FRBA [26]. The 
clear advantages of FRBA (easy deployment, shorter test-
ing time and nearly 25 % cost reduction per test) should 
contribute to making the test more readily accessible 
across the Pacific, which would be a major step forward for 
Pacific communities in managing this global hazard.

3. Ciguatera risk management and 
prevention in French Polynesian lagoons

In remote island groups, where lagoon seafood is a basic sta-
ple, people who have had severe seafood poisoning some-
times need to limit their consumption of fish for several 
months, making them more dependent on consistently 
more expensive and generally less nourishing imported food 
for their protein intake. In the long run, the situation can 
lead to a forced dietary transition with its array of so-called 
‘lifestyle diseases’ [27] signalling that the ciguatera hazard 
also needs to be approached from a sociological and anthro-
pological angle and not just through public health. As such, 
any operations promoting lagoon fisheries not only have a 
positive impact on the relevant communities’ living stand-
ards, but can also help improve their income by developing 
small-scale export industries.

Several field campaigns to help communities effectively 
manage the toxic hazard have been conducted under our 
research programmes [6, 28]. They have mainly involved 
mapping ciguatera risk in the affected lagoons based on 
ciguatera-causing phytoplankton species distribution and 
abundance and toxic fish prevalence. Such campaigns also 
provide an opportunity to hold information, communica-
tion and awareness sessions for public health staff, commu-
nities and schools (Figure 9). Overall, such sessions have had 
a clearly positive impact on community lifestyles, as borne 
out by the significant fall in the annual IRs over the ensuing 
years [5, 6]. 

Figure 9.  Awareness training for A) communities; and B) public schools. © ILM
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These large-scale campaigns were also an opportunity to 
gradually compile a unique biobank containing more than 
2000 fish samples taken from 84 representative species from 
10 French Polynesian islands and whose toxicity has been 
fully described. The database is currently being analysed to 
attempt to create a predictive model for French Polynesian 
lagoon fish toxicity based, for instance, on the size of the 
specimen tested. Results show that there is no significant 
relationship between fish size and toxicity [29], belying the 
popular belief that the largest specimens are also the most 
dangerous. This raises the question of just how effective cur-
rent local-community practices are, as they tend to require 
eating only small fish to lessen the risk of poisoning [30]. 
Another study into links between toxicity and fish age and/
or growth-rate estimated by otolithometry has just been 
completed. The study results are still being analysed, but the 
research will eventually lead to the first-ever growth-curve 
models for several South Pacific species including parrot-
fish, grouper and unicorn fish.

Finally, these campaigns were also an opportunity to examine 
certain widespread traditional ciguatera-control practices in 
French Polynesia such as various traditional tests to detect 
fish that are unfit for human consumption [30]. If commu-
nities in isolated or remote archipelagos can use validated 
homemade tests that are cheaper and can be carried out on 
the spot, they would be definite everyday assets to ciguat-
era hazard management. Avoidance strategies developed by 
local communities rely on a whole host of methods that vary 
from one island or archipelago to another and range from 
live animal testing on cats, dogs, ants and flies to using coins, 
through to detailed examinations of certain characteristics 
of dead fish several hours after they are caught. The litera-
ture offers fairly little information, however, on whether all 
or part of such methods have been scientifically validated, 
so we have attempted to assess how reliable two of them 
were, i.e. the rigor mortis and bleeding tests, by comparing 
the diagnoses of local fishers for approximately 100 fish to 
laboratory toxicology data (Figure 10). The most accurate 
test (bleeding) scored a little short of 70 % predictability. It 
is, however, likely that when the test is combined with the 
local communities’ in-depth knowledge of species and areas 
to avoid, it significantly reduces their poisoning risk [30].

4. Medical approach

Research on chronic forms 

Ciguatera is characterised by a complex set of symptoms, 
such as digestive, neurological, cardiovascular and respira-
tory complaints that vary in severity and are often compli-
cated by the onset of chronic neurological disorders in 20% 
of cases and the patent lack of antidotes [22]. In practice, 
175 different symptoms have been recorded in the disease’s 
acute and chronic phases [31]. During the chronic phase, 
after an initial occurrence of poisoning residual hypersensi-
tivity triggered by eating even non-toxic seafood and its by-
products, animal protein such as pork or chicken, vegetable 
proteins like soya or lentils, alcohol, coffee or peanuts can 
revive neuro-digestive attacks with or without general signs 
[32]. While the acute forms of ciguatera are now well-doc-
umented, the exact cause of this unusual disease’s chronic 
residual and/or sporadic manifestations still remain unex-
plained. In order to estimate ciguatera prevalence and better 
describe the chronic symptoms in a hospital population, a 
study has recently been launched in conjunction with the 
French Polynesia general hospital (CHPF) to accurately 
describe those symptoms and explain the biological mecha-
nisms behind them [33]. Ultimately, it is hoped that solu-
tions, such as special diets, will be recommended to provide 
relief to patients.

Biological sample bank and biomedical research

Although ciguatera has been studied for five decades now, 
biomedical research resulting in better care for patients has 
been scarce, if not incidental. Biomedical studies are still 
seen as the poor cousin of ciguatera research, due mainly to 
the short supply of human biological samples from ciguat-
era patients. Because ILM is closely involved in surveillance 
networks, it has ready access to patients in addition to a 
team of doctors, pharmacists and pathologists and a pathol-
ogy laboratory capable of taking samples. So the LMT is 
working on setting up an unprecedented human biological 
sample collection, which will pave the way for developing 
and promoting biomedical ciguatera research both locally 

Figure 10.  Traditional toxic-fish screening tests used by local fishers: A) rigor mortis test (limp fish are considered toxic); and  
B) bleeding test (a fish showing signs of heavy bleeding is considered toxic). © ILM
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and internationally. Some of the research avenues currently 
being explored are the identification of immunogenetic fac-
tors predisposing certain people to severe forms of ciguatera 
and chronic side-effects, improving the description of the 
physiopathological mechanisms behind the chronic/severe 
forms which could lead to suitable treatment options and 
the development of diagnostic tools.

Assessing the effectiveness of traditional remedies for 
ciguatera

Allopathic medicine has as yet failed to develop a truly effec-
tive and specific treatment for ciguatera and is based mainly 
on a symptom-based palliative approach to seafood poison-
ing. Many South Pacific communities, however, use tradi-
tional remedies as a matter of course, particularly on remote 
islands and atolls where no healthcare services are available. 
Ethnobotanical research by IRD has produced an inventory 
of nearly 100 plants used in traditional medicine for cigu-
atera treatment or prevention [34]. Brews, teas or extracts 
are prepared from roots, leaves, bark and fruit, whether 
pure or mixed in varying proportions and dosages based on 
household recipes handed down through the generations. 
Further research narrowed the work down to a single plant, 
Heliotropium foertherianum (velvetleaf soldierbush or octo-
pus bush) (Figure 11), and identified its main active ingre-
dient, rosmarinic acid, isolated from the plant’s leaves [35]. 
As a result, a patent was registered in 2010 relating to the 
use of rosmarinic acid and its related derivatives in treating 
ciguatera. The next step was to examine the potential for 
industrially marketing the complete remedy based on an H. 
foertherianum concentrate. As the results confirm that the 
remedy has neuroprotective properties against CTX toxic 
activity, the prospect of treating ciguatera appears promis-
ing. The treatment now requires confirmation and develop-
ment through clinical trials [36, 37].

5. Regional co-operation on marine biotoxin 
research

ILM and IRD both wish to help broaden national and 
regional co-operation on marine biotoxin research, par-
ticularly regarding ciguatera, based on two considera-
tions, namely (i) the extremely high ciguatera prevalence 
in the Pacific region [38]; and (ii) repeated requests from 
many PICTs for scientific and technical support from the 
region’s leading ciguatera research centres in the form of 
capacity building training, advice and expert opinions, 
etc. The advantages of increased regional co-operation 
around marine biotoxins are major. In addition to setting 
up joint, harmonised ciguatera management at a regional 
level, such a network will pave the way for launching cross-
disciplinary projects that would be in a position to receive 
considerable funding for issues that the region’s countries 
and territories view as priorities. We have contributed 
towards this goal by participating in two community and 

international initiatives for promoting pooled research 
efforts at the Pacific level: 

1. Pace-Net+, which aims at stimulating dialogue between 
Europe and the Pacific in science, technology and inno-
vation in areas relating to major societal challenges 
such as health and food security (http://plus.pacenet.
eu/events/pacenetplus-noumea-2014). In July 2016, 
a workshop attended by the representatives of seven 
PICTs (Fiji, Cook Islands, Marshall Islands, New Cal-
edonia, French Polynesia, Tonga and Wallis & Futuna) 
was held in Noumea with a view to improving cigua-
toxin risk surveillance and management, in particular by 
setting up a common database.

2. the IAEA RAS 7/026 programme, one of whose specific 
objectives is to build ciguatera surveillance capacities in 
the Asia-Pacific region. A regional ciguatera workshop 
held on Tahiti in March 2015 trained 17 participants 
in the various standard techniques for monitoring cigu-
atera (field-sampling methods, identifying the main spe-
cies under the optical microscope, culturing, chemical 
extraction and toxicology tests).

Figure 11.  Velvetleaf soldierbush/octopus 
bush tahinu (Heliotropium foertherianum Diane 
& Hilger), a ubiquitous plant in coral atoll 
landscapes in the Tuamotu Group;  
A) some specimens can grow very tall; and  
B) detail of H. foertherianum flowers. © ILM
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The drastic fluctuations observed in the world’s island eco-
systems as a result of climate change and Pacific communi-
ties’ heavy dependence on fishery resources for subsistence 
purposes make it urgent that ciguatera research and rel-
evant scientific resource effort pooling be accelerated. This 
is the only way to increase control over the health hazards 
related to marine resource-use by those communities so as 
to achieve sustainable, quality food production.

Acknowledgments
The information presented in this newsletter was obtained 
from several research programmes funded under ‘Con-
trats de Projets État-Pays’ (contracts between the French 
central government and regions), ANR (French National 
Research Agency), the French Pacific Fund and the French 
Overseas Ministry. The authors are indebted to the French 
Government and the Government of French Polynesia for 
their financial support. They also wish to acknowledge 
all their scientific partners, the staff of French Polynesia’s 
health facilities and the local communities for their valu-
able contributions.

References
1. Gatti C, Oelher E, Legrand AM. 2008. Severe seafood 

poisoning in French Polynesia: A retrospective analysis 
of 129 medical files. Toxicon, 51:746–753.

2. Laurent D, Kerbrat AS, Darius HT, Rossi F, Yeeting B, 
Haddad M, Golubic S, Pauillac S, Chinain M. 2011. 
Ciguatera Shellfish Poisoning, a new ecotoxicological 
phenomenon from cyanobacteria to human via giant 
clams. In: Food Chain: New Research, Jensen MA & 
Muller DW (Eds.), Nova Publishers 1:1–44.

3. Rongo T, van Woesik R. 2011. Ciguatera poisoning in 
Rarotonga, southern Cook Islands. Harmful Algae, 10: 
345–355.

4. Yasumoto T, Nakajima I, Bagnis R, Adachi R. 1977. 
Finding of a dinoflagellate as a likely culprit of ciguatera. 
Bull. Jap. Soc. Fish., 43: 1021–1026.

5. Hossen, V, Velge P, Turquet J, Chinain M, Laurent D, 
Krys S. 2013. La ciguatéra en France : une intoxication 
alimentaire dans les départements et régions d’outre-mer 
aux portes de la métropole  ? Bulletin Epidémiologique 
ANSES, 56: 3–8.

6. Pawlowiez R, Darius HT, Cruchet P, Rossi F, Caillaud 
A, Laurent D, Chinain M. 2013. Evaluation of seafood 
toxicity in the Australes archipelago (French Polynesia), 
using the neuroblastoma cell-based assay. Food Additives 
and Contaminants, Part A, 30(3): 567–586.

7. Gatti C, Darius HT, Chinain M, Lonati D. 2015. First 
report of a mass-poisoning outbreak following the con-
sumption of Tectus niloticus (Gastropod) in French Pol-
ynesia: a novel pathway of Ciguatera Fish Poisoning? 

IOC newsletter on Toxic Algae and Algal Blooms, n°50, 
January 2015, http://www.e-pages.dk/ku/1086/

8. Méjean A, Peyraud-Thomas C, Kerbrat AS, Golubic S, 
Pauillac S, Chinain M, Laurent D. (2010). First iden-
tification of the neurotoxins anatoxin-a and homoana-
toxin-a from Hydrocoleum spp. marine cyanobacterium. 
Toxicon 56: 829–835.

9. Kerbrat AS, Amzil Z, Pawlowiez R, Golubic S, Sibat 
M, Darius HT, Chinain M, Laurent D. (2011) First 
evidence of palytoxin and 42-hydroxy-palytoxin in the 
marine cyanobacterium Trichodesmium. Marine Drugs, 
9: 543–560.

10.  Roué M, Gugger M, Golubic S, Amzil Z, Araoz R, Tur-
quet J, Chinain M, Laurent D. 2014. Marine cyanotox-
ins potentially harmful to human health. In: Labarre S 
& Kornprobst JM (Eds.) Outstanding  marine molecules 
- from natural history to human welfare, Labarre S. and 
Kornprobst J.M. Eds., Wiley, pp. 3–22.

11.  Roué M, Darius HT, Picot S, Ung A, Viallon J, Gaert-
ner-Mazouni N, Sibat M, Amzil Z, Chinain M. 2016. 
First evidence of the bioaccumulation of ciguatoxins in 
giant clams (Tridacna maxima) exposed to Gambierdis-
cus spp. cells. Harmful Algae, 57: 78–87.

12. Tillmann U, Krock B, Trefault N, Gu H, Clarke D, 
Gottschling M, Nézan E, Jaen D, Fernandez L, Kilkoyne 
J, Akselman R, Smith K, Sanchez S, Guinder V, Gatti 
C, Roué M, Kaufmann M, Biszel N, Carbonell-Moore 
C. 2016. Amphidomataceae, the dinophycean source of 
azaspiracid toxins: new records, new species, new toxins. 
1rst Annual MERHAB Azaspiracid project meeting, 
16–17 mars 2016, Seattle, WS, USA.

13. Tester PA, Kibler SR, Holland WC, Usup G, Vandersea 
MW, Leaw CP, Teen LP, Larsen J, Mohammad-Noor N, 
Faust, MA, Litaker RW. 2014. Sampling harmful ben-
thic dinoflagellates: comparison of artificial and natural 
substrate methods. Harmful Algae, 39: 8–2.

14. Tan TH, Lim PT, Mujahid A, Usup G, Leaw CP. 2013. 
Benthic harmful dinoflagellate assemblages in a fring-
ing reef of Sampadi Island, Sarawak, Malaysia. Marine 
Research Indonesia 38:11–21.

15. Jauzein C, Fricke A, Mangialajo L, Lemée R. 2016. Sam-
pling of Ostreopsis cf. ovata using artificial substrates: 
Optimization of methods for the monitoring of benthic 
harmful algal blooms. Mar Pollut Bull 107(1):300–304.

16. MacKenzie LA. 2010. In situ passive solid-phase adsorp-
tion of micro-algal biotoxins as a monitoring tool. Cur-
rent Opinion in Biotechnology, 31: 326–331.

17. Caillaud A, de La Iglesia P, Barber E, Eixarch H, 
Mohammad-Noor N, Yasumoto T, Diogene J. 2011. 
Monitoring of dissolved ciguatoxin and maitotoxin 
usinf solid-phase adsorption toxin tracking devices: 
Application to Gambierdiscus pacificus in culture. 
Harmful Algae, 10: 433–446.

Update on ciguatera research in French Polynesia



51

18. Roué M, Ung A, Darius HT, Harwood T, Chinain 
M. 2014. Evaluation of Solid-Phase Adsorption Toxin 
Tracking devices for the monitoring of Ciguatera. 
Proceedings of the 16th International Conference on 
Harmful Algae, 27–31 Octobre 2014, Wellington, 
New-Zealand.

19.  Litaker RW, Vandersea MW, Faust MA, Kibler SR, Chi-
nain M, Holmes MJ, Holland WC, Tester PA. 2009. 
Taxonomy of Gambierdiscus including four new species, 
Gambierdiscus caribaeus, Gambierdiscus carolinianus, 
Gambierdiscus carpenteri and Gambierdiscus ruetzleri 
(Gonyaulacales, Dinophyceae). Phycologia, 48(5): 
344–390.

20.  Gómez F, Qiu D, Lopes RM, Lin S. 2015. Fukuyoa pau-
lensis gen. et sp. nov., a new genus for the globular spe-
cies of the dinoflagellate Gambierdiscus (Dinophyceae). 
PLoS ONE, 10(4): e0119676. doi:10.1371/journal.
pone.0119676.

21. Fraga S, Rodriguez F, Riobo P, Bravo I. 2016. Gambi-
erdiscus balechii  sp. nov (Dinophyceae), a new benthic 
toxic dinoflagellate from the Celebes Sea (SW Pacific 
Ocean). Hamrful Algae, doi:10.1016/j.hal.2016.06.004.

22. Chinain M, Gatti C, Roué M, Laurent D, Darius.HT. 
2014. Ciguatéra: aspects écologiques, biologiques et 
toxicologiques. Revue Francophone des Laboratoires 460: 
27–39.

23. Vandersea MW, Kibler SR, Holland WC, Tester PA, 
Schultz TF, Faust MA, Holmes MJ, Chinain M, Litaker 
RW. 2012.  Development of semi quantitative PCR 
assays for the detection and enumeration of Gambier-
discus species (Gonyaulacales, Dinophyceae). J. Phycol, 
48(4): 902–915.

24. Ledreux A, Brand H, Chinain M, Dechraoui Bottein 
MY, Ramsdell JS. 2014. Dynamics of ciguatoxins from 
Gambierdiscus polynesiensis in the benthic herbivore 
Mugil cephalus: Trophic transfer implications. Harmful 
Algae, 39: 165–174.

25. Caillaud A, de la Iglesia P, Darius HT, Pauillac S, Aligi-
zaki K, Fraga S, Chinain M, Diogène J. 2010. Update on 
methodologies available for ciguatoxin determination. 
Perspectives to confront the onset of Ciguatera Fish 
Poisoning in Europe. Marine Drugs, 8(6): 1838–1907.

26. Hardison DR, Holland WC, McCall JR, Bourdelais 
AJ, Baden DG, Darius HT, Chinain M, Tester PA, Shea 
D, Flores Quintana HA, Morris Jr. JA, Litaker RW. 
2016. Fluorescent Receptor Binding Assay for detect-
ing ciguatoxins in fish. PLoS ONE, 11(4): e0153348, 
doi:10.1371/journal.pone.0153348.

27. Gatti CM, Suhas E, Côté S, Laouan-Sidi EA, Dewailly 
E, Lucas M. 2015. Obesity and metabolic parameters 
in adolescents: a school-based intervention program 
in French Polynesia. Journal of Adolescent Health, 
56(2):174–180.

28. Chinain M, Darius HT, Ung A, Tchou Fouc M, Revel 
T, Cruchet P, Pauillac S, Laurent D. (2010) Ciguatera 
Risk Management in French Polynesia: the case study 
of Raivavae Island (Australes Archipelago). Toxicon, 56: 
674–690.

29. Gaboriau M, Ponton D, Darius HT, Chinain M. 2014. 
Ciguatera fish toxicity in French Polynesia: size does not 
always matter. Toxicon, 84: 41–50.

30. Darius HT, Drescher O, Ponton D, Pawlowiez R, Lau-
rent D, Dewailly E, Chinain M. 2013. The use of folk 
tests to detect ciguateric fish: a scientific evaluation of 
their effectiveness in Raivavae Island (Australes, French 
Polynesia). Food Additives and Contaminants, Part A, 
30(3): 550556. 

31. Wang DZ. 2008. Neurotoxins from marine dinoflagel-
lates: a brief review, Marine Drugs, 6(2): 349–371.

32. Château Degat ML, Huin-Blondey MO, Chinain 
M, Darius HT, Legrand AM, Nguyen NL, Laudon F, 
Chansin R, Dewailly E. 2007. Prevalence of chronic 
symptoms of ciguatera disease in French Polynesian 
adults. Am J Trop Med Hyg, 77(5): 842–846.

33. Chung K, Gatti C, Oehler E, Chinain M. 2016. Char-
acterization of Ciguatera poisoning chronic manifesta-
tions: A retrospective study on a hospitalized patient 
cohort of French Polynesia. 17th International Confer-
ence on Harmful Algae, 9-14th October 2016, Floriano-
polis, Brazil.

34. Bourdy G, Cabalion P, Amade P, Laurent D. 1992. Tra-
ditional remedies used in the Western Pacific for the 
treatment of ciguatera poisoning. J Ethnopharmacol, 36: 
163–174.

35. Kumar-Roiné S. 2009. Valorisation de remèdes tradi-
tionnels utilisés dans le traitement de la ciguatéra dans 
le Pacifique. Thèse Université de la Nouvelle-Calédonie, 
193 pp.

36. Rossi F, Jullian V, Pawlowiez R, Kumar-Roiné S, 
Haddad M, Darius HT, Gaertner-Mazouni N, Chinain 
M, Laurent D. 2012. Protective effect of Heliotropium 
foertherianum (Boraginaceae) folk remedy and its active 
compound, rosmarinic acid, against a Pacific ciguatoxin. 
J Ethnopharmacol, 143: 33–40.

37. Braidy N, Matin A, Rossi F, Chinain M, Laurent D, 
Guillemin G. 2014. Neuroprotective effects of ros-
marinic acid on ciguatoxin in primary human neurons. 
Neurotoxicity Research, 25: 226–234.

38. Skinner MP, Brewer TD, Johnstone R, Fleming LE, 
Lewis RJ. 2011. Ciguatera Fish Poisoning in the Pacific 
Islands (1998 to 2008). PLoS Negl Trop Dis, 5(12): 
e1416.

Update on ciguatera research in French Polynesia




