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ABSTRACT
Purpose: The review is provoked because of lack of
awareness of the medical practitioners in Bulgaria concerning of the ethnology, pathogenesis, clinical symptoms and
treatment of the ciguatera fish poisoning (CFP). This can be
a source of prolonged diagnostic delays, as some cases reporting in another country in Europe, for example Germany,
Spain and UK. Varna is the sea town with many sailor crews
returning from tropical and subtropical regions, or CFP can
affect people who travel to the Pacific and Caribbean or ate
exotic fish from supermarket. The information of this fish
food-borne poisoning is part of student’s education in discipline “Marine medicine” in Medical University, Varna.
Materials and methods: To present better information from different authors and last scientific data, we made
review of published materials of 58 issues to construct definition, history, etiology, pathogenesis (toxins and mechanisms of action), clinical symptoms, treatment and prevention of the Ciguatera or ichtyosarcotoxicosis, a wide spread
food-born poisoning.
Results: Ciguatera poisoning is ichtyosarcotoxicosis,
a wide-spread foodborne poisoning in people after consumption of flesh of different kinds of fishes in which toxins produced by poisonous microorganisms (Dinoflagellates) have
accumulated. The poisoning develops by accumulating toxins higher up the food chain starting with toxin producing
dinoflagellates (species: Gambierdiscus toxicus,
Prorocentrum concavum, Pr. lima, Ostreoposis lenticularis,
Ostr. Siamensis and others), continuing with the poisoned
algae (species: Portieria, Halymenia, Turbinaria,
Sargassum), and after that involving small crustacea and
small fishes to greater fishes (vector fishes, genus Herbivores and Carnivores), in which the toxins have been stored
in amount, great enough to cause foodborne poisoning in
humans. This poisoning is widespread in tropical and subtropical regions, but because of its delayed toxic effects, lasting for months and years, there is a possibility that every
medic can encounter its unusual symptoms, requiring specific treatment. The following toxins cause the poisoning:
ciguatoxin, meitotoxin, ostreotoxin, domoic acid and some
other unspecified toxins. They are lipid soluble, thermo sta-
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ble and cannot be decomposed by culinary processing. These
toxins have neurotoxic, cardiotoxic, hemolytic properties
and cause diarrheic syndrome. Clinical presentation is characterized by average latent period of 12 hours after the consummation, vomiting and diarrhea next 24 hours and neurological symptoms that appear at the beginning of the poisoning with paresthesias along the body, changing feeling
of hot and cold, strong myalgia. Disturbances in cardiac
rhythm and conduction, strong dehydration or shock are possible in severe cases. Light cases pass over in several days,
but, more often the poisoning has a chronic course – from
3-4 months to 1 year, with prevalence of neurologic symptoms: myalgia, paresthesias, skin itching with scratches, depression. The management is not specific and includes stomach lavage with activated charcoal, fluids replacement during the first 24 hours, corticosteroids, antiallergics, high
doses of vitamins from group B (Vit. B1, Vit. B6, Vit. B12),
mannitol IV, nootropic medicaments, antidepressants and
other symptomatic medicaments. The prophylaxis is done
by examining every fish with specific test for detecting
ciguateratoxin.
Key words: ichtyosarcotoxicosis, dinoflagellates,
ciguatoxin, meitotoxin, domoic acid, ciguatera poisoning
INTRODUCTION
Definition:
Ciguatera poisoning is a ichtyosarcotoxicosis, a wide
spread foodborn poisoning in people after consumption of
flesh of different kinds of fishes in which toxins produced
by poisonous microorganisms (Dinoflagellates) have accumulated. The poisoning develops by accumulating toxins
higher up the food chain: microorganisms develop on algae
which serve as food to crustaceae and little fishes which serve
as food to bigger fishes. Toxins accumulate in greater quantities in the flesh of bigger fishes and enter human organism
after consumption of these fishes [1-7]. This poisoning is
widespread in tropical and subtropical regions, but because
of its delayed toxic effects, lasting for months and years,
there is a possibility that every medic can encounter its unusual symptoms, requiring specific treatment.
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History:
According to some authors [3, 5, 6, 8, 9], every year
between 20000 and 50000 people annually fall sick after
consumption of flesh of fishes caught in tropic and subtropic
seas and oceans (width 35°N-35°S). Ciguatera poisoning is
most frequent in Caribbean, Indian Ocean, Maldives, Seychelles, Solomon islands, Guam islands, Fortuna islands,
Williams islands etc. The impact of climatic changes on coral
reefs can lead to widening or change of the endemic regions
of this poisoning [2, 4, 7, 8, 10-15]. Once caught in tropic
waters fishes can get in every supermarket all over the world
because of the easy trade nowadays. Fifteen cases of this poisoning were reported in USA in 2010 year, some cases were
reported in Canada [16] and new 28 cases in 2011. A cluster
of reports of neurological and cardiovascular symptoms
among people eating reef fish (barracuda and grouper)
bought from supermarkets in New York city distributed from
Florida have been reported [17]. In 2012, several cases of
ciguatera occurred in Germany due to sale of contaminated
fish products originating from the Indian Ocean [18, 19]. CFP
outbreaks have been reported in France, Italy, Germany and
the Netherlands [20]. European sailors are an occupational
group at risk for ciguatera fish poisoning due to potentially
unsafe food sources during international travel. In 2006 in
Avonmouth, UK, outbreak of ciguatera poisoning occurred
among returned crew, related to a white snapper fish from
the Caribbean [21]. In 2009 in Hamburg 15 sailors fell ill
after they ate fish from a catch in the Caribbean 2 weeks
earlier [22]. Global warming has contributed to the emergence of dinoflagellate species in subtropical and even temperate regions. In 2004, 2008 and 2009 has been described
three outbreaks of ciguatera poisoning in Canary Islands,
Spain. Caribbean ciguatoxin-1 (C-CTX-1) was confirmed in
fish samples by LC-MS/MS [23].
The term «cigua» does not mean any specific kind of
fish. It derived from poisoning with sea periwinkle «cigua»,
reported for the first time in 1601 in Indian Ocean. The symptoms were similar to those of fish poisoning, so later the Pacific disease was called ciguatera poisoning. The fishes that
are connected to this poisoning are more than 420 kinds.
They are so called vector fishes genus Herbivores and Carnivores. Most often these are the fishes from the kind
grouper, snapper, moray eels, barracuda. They are big fishes
that consume enough quantities of toxins along the food
chain; they accumulate in their flesh and can cause poisoning in people. The fish itself does not die from this poison
[24]. The first description of this poisoning was in 1555 year
from West India [1]. In 1770 Fernandez de Quiros described
poisoning of a whole ship crew in South Pacific. In their diaries captain Cook and captain Forster (1776) noted fish poisoning cases with fish from Pacific Ocean. Some cases were
registered in French Polynesia in 1792 [1, 2].

caused by a microscopic sea plancton, unicellular sea organisms called dinoflagellates. They are organisms of one cell
(protozoa), similar to algae and phytoplancton but do not
contain chloroplasts and can not photosynthetise. There are
many kinds of dynoflagellates. The toxins they synthetise
are only 2% from the cell contents but the affected algae
become poisonous. Several kinds of algae are hosts of the
dynoflagellates most frequently so they are often called poisonous algae because of the accumulated dinoflagellate toxins. This algae are from the kind Portieria, Halymenia,
Turbinaria, Sargassum. Dynoflagellates supply algae with
food substances as nitrogen and phosphorus, which leads to
abundant algae florescence which changes the color of the
water to red, brown or mahogany. When huge fields of algae die they deplete the oxygen and cause hypoxia or anoxia thus affecting a lot of organisms in the ecosystem.
Fishes, caught in such colored currents, can be poisonous
because they have eaten poisonous algae. The reproduction
of algae depends to great extent on human activities, especially on the water pollution. The increase of Dynoflagellate
population and of some bacteria growing on algae is a critical factor for the poisoning of the flesh of fishes [2, 25-27].
Several kinds of Dynoflagellates are associated with
ciguatera poisoning: Gambierdiscus toxicus [25, 28],
Prorocentrum concavum [3, 29, 30], and Prorocentrum lima,
Ostreoposis lenticularis, Ostreoposis siamensis [15]. All of
these Dynoflagellates synthesize different kinds of toxins.
The prevalence of some of these toxins in the flesh of the
consummated fish creates variety in clinical presentation of
this intoxication. Most often ciguatera poisoning is associated with Gambierdiscus toxicus, which synthesizes
ciguatoxin and maitotoxin. They are lipid soluble
neurotoxins and cause the neurotoxic symptoms that can last
months after the consummation of the fish. Dynoflagellates
of the kind O. Lenticularis also synthesize neurotoxin, called
ostreotoxin. Dynoflagellates of the kinds Prorocentrum
concavum, Prorocentrum lima and P.hoffmanium synthesize
the toxin okadaic acid, which causes diarrhea. Some more
kinds of Dynoflagellates are associated with ciguatera poisoning but they have less importance for the course of this
intoxication and have not been studied well yet: P.
mexicanum, O. ovata, O. Siamensis, O. heptagona, C.
Monotis. They synthesize toxins which cause hemolysis of
mouse and human erythrocytes [1, 2, 3, 11, 25, 26, 31]. The
toxins of dynoflagellates are accumulated in algae. Smaller
fishes that use poisonous algae for food on their turn become food for bigger fishes. Toxins are accumulated in the
flesh of bigger fishes and most of all – in inner organs and
roe. The smell, taste and appearance of the fish are not
changed. The toxins are thermo stable, so cooking by boiling; stewing, baking or roasting does not change the toxicity.

RESULTS AND DISSCUSSION
Etiology:
The fishes that cause this poisonings do not possess
a poisonous apparatus and do not synthesize poison. For a
long time it has been considered that the poison comes from
poisonous algae. Today it is known that the poisoning is

Toxins and mechanisms of action:
Ciguatoxins (CTXs) are neurotoxins. They are lipidsoluble polyether compounds made up of 13 or 14 rings
fused into rigid ladder-like structures. Multiple forms of CTX
with small structural differences have been described and
there are important geographic differences. The Pacific
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ciguatoxin-1 (P-CTX-1) is the most potent and its structure
is slightly different from that of the Caribbean ciguatoxin-1
(C-CTX-1). These differences are also reflected in the symptoms produced [20].
LD50 of C-CTX-1 for guinea pigs intraperitoneally is
0.45 ng/kg. A dose of 0.1 ng causes intoxication in humans.
The toxin is lipid soluble that is why it is accumulated and
stored in the flesh of fishes. The mechanism of action is connected to opening of the voltage dependent sodium channels in neuronal cell membrane. The toxin induces membrane depolarization there. That causes symptoms of neural
excitation with consequent neural blockade or damage,
which require restoration of the neural tissue. Maitotoxin
(MTT) is a neurotoxin. It is called after the fish maito
(Ctenochaetus striatus), from Tahiti region, from which it was
isolated. LD50 maitotoxin 0.15 ng/kg ip. LD50 for humans
by mouth is 50 ng/kg. Maitotoxin is water soluble. The
mechanism of its toxicity is connected to disturbance in calcium balance in the cells. Maitotoxin increases the influx
of calcium in the cell through the excitable membrane, thus
increasing the cytosol Ca2+. That leads to activation of the
cell death cascade by augmentation of the membrane permeability. The toxin activates the cytosol calcium activated
proteases calpain-1 è calpain-2 which cause necroses. The
toxin îstreotoxin is a neuromuscular toxin. It causes spontaneous muscular contractions. Like ciguatoxin it attacks the
voltage dependent sodium channels (prolongs the time of
opening of the channel) and leads to depolarization of the
muscle membrane and contractions. The toxin okadaic acid
causes diarrhea syndrome [16, 32, 33].
Clinical presentation of the poisoning:
The initial symptoms appear between the 4th and the
12th hour (on the average 12 hours) after the consumption
of fish with preserved taste qualities. Three main clinical syndromes develop: gastrointestinal, neurologic and
cardiocircullatory. The first complaints are from abdominal
pain, nausea and vomiting. The neurologic symptoms, which
generally present within the first few days of illness, often
become prominent after the GI symptoms. Tingling of arms,
sense of pins and needles, formication, tingling of teeth, disturbed vision; blurred images appear. Changing feeling of
cold and hot is a pathognomonic symptom of this intoxication. Neuropsychiatric symptoms in CFP may include anxiety [34], depression and subjectively reported memory loss
[35]. More marked mental status changes such as hallucinations, giddiness, incoordination or ataxia [36, 37], and coma
[1] have been reported, but appear to be specific to CFP in
Indian and Pacific Ocean regions. Cardiotoxicity include:
cardiac bradycardia, arrhythmias or cardiac block appear.
The intensity and duration of symptoms are different in different individuals and regions, where the poisoning had
taken place. This difference is explained by the kind and
quantity of the ingested toxins as well as the individual sensitivity [6, 7, 9, 17, 38-41]. Lethal cases were reported with
frequency from 0.1% to 12%. The lethal exit is associated
to consumption of the most toxic parts of the fish – liver,
other internal organs, roe. The death occurs from acute respiratory failure due to depression of the respiratory center
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in the brain, acute circulatory failure (shock), extreme cardiac arrhythmia – tachycardia or asystolia [35, 42-44].
The duration of ciguatera intoxication is different.
The lightest clinical form lasts from several days to a week.
Diarrheic syndrome, allergic symptoms like obstinate itching and neurologic symptoms like diastesia and paresthesia
of the body, general weakness are observed. More severe
forms are characterized by neurologic symptoms that continue several months. If the symptoms persist for more than
three months a chronification of ciguatera intoxication is
accepted. Cases with duration of one year have been described. These chronic forms are characterized by neurologic
symptoms with different severity like psychic disturbances,
general dyscomfort, depression, headache, strong muscle
pains, unusual sensations in extremities. Symptoms are worsened by consumption of alcohol and coffee. Cases of
ciguatera poisoning have been described in a newborn baby
and a breast – fed baby, because the lipid soluble ciguatoxin
can pass through placentar barrier and mother‘s milk [6, 7,
16, 38, 39].
Diagnosis: There are currently no reliable biomarkers
that can be used to confirm exposure to CTX in humans. At
present, CFP diagnosis is based on the presenting symptoms
and time course, the history of having eaten a reef fish importantly, the exclusion of other diagnoses that could account for the symptoms. Differential diagnosis is made with:
(1) Paralytic syndrome after consumption of reef clams,
shrimps (mollusks), a poisoning caused by other kinds of
Dynoflagellates that synthetize paralytic toxin; (2) Botulism
(from consumption of smoked fish); (3) Scombroid (histamine) poisoning after consumption of mackerel, tunny,
belted bonito; (4) Eosinophylic meningitis (consumption of
crabs, clams and some fishes infected by the helmynths
Angiostrongylus cantonensis); (5) Organophosphosphorus
intoxication [2, 6, 39].
Treatment:
There is no specific antidote for ciguatera poisoning.
Treatment is largely supportive and symptom driven. If performed within 3-4 hours of toxin ingestion, gastric decontamination with activated charcoal may help. Antiemetics
(Metoclopramid) and H2 blockers may control nausea and
vomiting. Corticosteroids and antihistamines help relieve
pruritus. Many authors recommended amitriptyline to diminish severity of residual symptoms (eg, chronic pruritus, pain
syndromes and depression). Atropine is suitable to apply in
case of bradyarrythmia. Control hypotension with volume
replacement and pressor agents, i.e. dopamine in case of
shock. Neurological symptoms treat with vitamins from
group B (B1, B6, B12). Calcium antagonists appear to be
useful because of meitotoxin action on calcium membrane
permeability. The long lasting neurological complaints are
treated with Gabapentin, Analgesics and Nonsteroidal antiinflammatory drugs [6, 7, 15, 17, 24, 39]. The most important is mannitol therapy for two primary goals: reduction of
acute symptoms (especially neurologic) and possible prevention of chronic neurologic symptoms.The effect of mannitol infusion is thought to be mediated by the osmotic reduction of neuronal edema [45-47]. Intravenous mannitol is
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administered at 0.5 to 1.0 g/kg body weight over a 30-45
minute period. It is suggested that it be given within 48-72
hours of ingestion of toxic fish [48, 49], although beneficial effects have been observed even up to several weeks
after intoxication [50-52]. Also, mannitol may act as a scavenger of free radicals generated by the CTX molecule, and
may reduce the action of CTX at sodium and/or potassium
channels [53]. Opposite, at least one prospective, controlled study, found no difference between mannitol and normal saline in the treatment of ciguatera poisoning [54]. One
group in Japan has reported developing a strategy to use
monoclonal antibodies to treat ciguatera toxicity. Possibly
an effective treatment will be available in the near future
[55].
Prevention:
Prevention requires educating people to the risk of
eating coral reef fish such as barracuda, grouper, snapper,
amberjack, and surgeonfish that are caught in areas known
to be contaminated, such as the waters off Pacific, south
Florida and the Caribbean. Because the toxins are colorless,
odorless, and tasteless and are not destroyed by cooking,
they are difficult to detect. CTXs can be detected using a
number of techniques following extraction and purification
techniques. The most widely used test method is a mouse
bioassay, but biomolecular assay methods, such as cytotoxicity, receptor binding and immunoassay can also be applied.
An ELISA-based method for CTX detection has recently
been developed. The difficulty of detecting CTXs in fish,

REFERENCES:
1. Bagnis R. [Ciguatera fish poisoning: Known biological processes
and perspectives on the edge of 80].
[in French] Ann Inst Océanogr.
1981;57:5-24.
2. Salvat B, editor. Human impacts
on coral reefs: facts and recommendations. Moorea, Polynesie Francaise:
Museum national d’histoire naturelle
et Ecole pratique des hautes etudes,
Antenne de Tahiti, Centre de
l’environment; 1987. 241-53 p.
3. Dickey RW, Plakas SM.
Ciguatera: a public health perspective.
Toxicon. 2010 Aug 15;56(2):123-36.
[PubMed]
4. Skinner MP, Brewer TD, Johnstone R, Fleming LE, Lewis RJ.
Ciguatera fish poisoning in the Pacific
Islands (1998 to 2008). PLoS Negl
Trop Dis. 2011 Dec;5(12):e1416.
[PubMed] [CrossRef]
5. Chan TY. Ciguatera fish poisoning in East Asia and Southeast Asia.
Mar Drugs. 2015 Jun 2;13(6):346678. [PubMed]

J of IMAB. 2017 Jan-Mar;23(1)

plus their stability, severely limits the control options available. The presence of ciguatoxin is confirmed by liquid chromatography - mass spectrometry [3, 6, 9, 56, 57].
Risk for Bulgarian citizens:
In the EU, including Bulgaria, legislation covering
fishery products states that “Fishery products containing
biotoxins such as ciguatera toxins” cannot be placed on the
market, but no methods of analysis are given [58]. The risk
group in Bulgaria, suspected for ciguatera poisoning, can
be people who ate fish from Caribbean’s or Pacific Ocean
(sailor crews, travelers, and consumers ate exotic fish from
supermarket). There are no reports of CFP in Bulgaria, but
missing right diagnosis can be observed in some cases. Confirmation of poisoning requires sending samples of suspected
contaminated fish to a laboratory, however in Bulgaria there
are no labs equipped with specialized testing capabilities.
CONCLUSION
CFP is associated with consumption of coral reef fish
from tropical and subtropical waters in the Pacific and Indian Oceans and the Caribbean Sea and is considered to be
a significant public health problem. In former times, CFP was
restricted to indigenous populations in areas where CTXs
are endemic, but this has changed in recent years with the
increase in global travel and the increasing importation of
exotic food fish species into developed countries. Education of this disease with lasting neurological symptoms must
include medicals students and doctors, toxicologists, neurologists and other practitioners.

6. Arnold TC. Ciguatera Toxicity.
Medscape. 2015 Dec 29. [Internet].
7. Cunha JP. Ciguatera Poisoning.
Editor: Stoppler MC. MedicineNet.
2016 Mar 11. [Internet]
8. Lewis RJ. Ciguatera: Australian
perspectives on a global problem.
Toxicon. 2006 Dec;48(7):799–809.
[PubMed]
9. Farrell H, Zammit A, Manning J,
Shadbolt C, Szabo L, Harwood DT, et
al. Clinical diagnosis and chemical
confirmation of ciguatera fish poisoning in New South Wales, Australia.
Commun Dis Intell Q Rep. 2016 Mar
31;40(1):E1-6. [PubMed]
10. Llewellyn LE. Revisiting the
association between sea surface temperature and the epidemiology of fish
poisoning in the South Pacific: reassessing the link between ciguatera and
climate change. Toxicon. 2010 Oct
56(5):691-7. [PubMed]
11. Rongo T, van Woesik R. The
effects of natural disturbances, reef
state and herbivorous fish densities on

https://www.journal-imab-bg.org

ciguatera poisoning in Rarotonga,
Southern Cook Islands. Toxicon. 2013
Mar 15;64:87-95. [PubMed]
12. Tester PA, Feldman RL, Nau
AW, Kibler SR, Wayne Litaker R.
Ciguatera fish poisoning and sea surface temperatures in the Caribbean Sea
and the West Indies. Toxicon. 2010
Oct 56(5):698-710. [PubMed]
13. Barrett JR. Under the weather
with ciguatera fish poisoning: Climate
variables associated with increases in
suspected cases. Environ Health
Perspect. 2014 Jun;122(6):A167.
[PubMed]
14. Glaziou P, Legrand AM. The
epidemiology of ciguatera fish poisoning. Toxicon. 1994 Aug;32(8):863-73.
[PubMed]
15. Kohler ST, Kohler CC. Dead
bleached coral provides new surfaces
for dinoflagellates implicated in
ciguatera fish poisoning. Env Biol
Fish. 1992;34(4):413-6.
16. Gramade HR, Dickey R. Recent
advances in ciguatera fish poisoning

1477

research. 15th Annual Conference:
Tropical and Subtropical Fisheries
Technological Conf. of the Americas;
1990 Dec 2-5; Orlando, Florida, USA.
Gainesville, Florida: University of
Florida; 1991 Aug. 527 p.
17. Centers for Disease Control
and Prevention (CDC). Ciguatera fish
poisoning - New York City, 20102011. MMWR Morb Mortal Wkly Rep.
2013 Feb 1;62(4):61-5. [PubMed]
18. Mattei C, Vetter I, Eisenblatter
A, Krock B, Ebbecke M, Desel H, et al.
Ciguatera fish poisoning: a first epidemic in Germany highlights an increasing risk for European countries.
Toxicon.
2014
Dec;91:76-83.
[PubMed]
19. Zimmermann K, Eisenblätter A,
Vetter I, Ebbecke M, Friedemann M,
Desel H. [Imported tropical fish causes
ciguatera fish poisoning in Germany].
[in German] Dtsch Med Wochenschr.
2015 Jan;140(2):125-30. [PubMed]
20. Lawley R. Ciguatoxins. Food
safety watch. 2013 January 30.
[Internet]
21. Kipping R, Eastcott H, Sarangi
J. Tropical fish poisoning in temperate climates: food poisoning from
ciguatera toxin presenting in
Avonmouth. J Public Health (Oxf).
2006 Dec;28(4):343-6. [PubMed]
22. Schlaich C, Hagelstein JG,
Burchard GD, Schmiedel S. Outbreak
of ciguatera fish poisoning on a cargo
ship in the port of Hamburg. J Travel
Med.
2012
Jul;19(4):238-42.
[PubMed]
23. Boada LD, Zumbado M,
Luzardo OP, Almeida-González M,
Plakas SM, Granade HR, Abraham A,
Jester EL, Dickey RW. Ciguatera fish
poisoning on the West Africa Coast:
An emerging risk in the Canary Islands
(Spain). Toxicon. 2010 Dec;56(8):
1516-9. [PubMed]
24. Fukuyo Y, Ishimaru T. Toxic
dinoflagellates in Japan. In: Maclean
JL, Dizon LB. Hosillos LV. (Eds.), Proceedings of the 1st Asian Fisheries Forum, Manila, Philippines; 1986 May
26-31, p.307-10.
25. Bagnis R. Natural versus anthropogenic disturbances to coral reef.
Comparison in epidemiological patterns of ciguatera. Mem Queensl Mus.
1994; 34:455-60.
26. Bagnis R, Chanteau S,

1478

Yasumoto T. [A probable causative
agent of ciguatera.]. [in French] CR
Acad Sci. 1977; 285:105-8.
27. Bomber JW, Morton SL,
Babinchak JA, Norris DR, Morton JG.
Epiphtic dinoflagellates of drift algaeanother toxigenic community in the
ciguatera food chain. Bull Mar Sci.
1988; 43:204-14.
28. Adachi R, Fukuyo Y. The thecal structure of a marine toxic dinoflagellate Gambierdiscis toxicus gen. and
sp. nov. collected in a ciguatera endemic area. Bull Jap Soc Sci Fish.
1979;45(1):67-71.
29. Bomber JW, Rubio MG, Norris
DR. Epiphytism of dinoflagellates associated with the disease ciguatera:
substrate specifity and nutrition.
Phycologia. 1989;28:360-8.
30. Millar DM. Ciguatera Seafood
toxins. CRC Press; 1990. p,135-70
31. Radke EG, Reich A, Morris JG
Jr. Epidemiology of Ciguatera in
Florida. Am J Trop Med Hyg. 2015
Aug;93(2):425-32. [PubMed]
32. Grzebyk D. Dinoflagellés
marins toxiques: biologie, ecophysiologie [dissertation]. [Marceille]:
Univerisite D’Aix-Marseille II; 1993.
202 p. [in French]
33. Grzebyk D, Berland B,
Thomassin BA, Bosi C, Arnoux A. The
ecology of ciguateic dinoflagellates in
the coral reef complex of Mayotte Island (S.W. Indian ocean). J Exp Mar
Biol Ecol. 1994;178(1):51-66.
34. Friedman MA, Arena P, Levin
B, Fleming L, Fernandez M, Weisman
R, et al. Neuropsychological study of
ciguatera fish poisoning: a longitudinal case-control study. Arch Clin
Neuropsychol. 2007 May;22(4):54553. [PubMed]
35. Arena P, Levin B, Fleming LE,
Friedman MA, Blythe DG. A pilot
study of the cognitive and psychological correlates of chronic ciguatera poisoning. Harmful Algae. 2004; 3:5160.
36. Quod JP, Turquet J. Ciguatera
in Reunion Island (SW Indian Ocean):
epidemiology and clinical patterns.
Toxicon. 1996 Jul;34(7):779-85.
[PubMed]
37. Bagnis R, Legrand AM. Clinical features on 12,890 cases of ciguatera (fish poisoning) in French Polynesia. Progress in venom and toxin re-

https://www.journal-imab-bg.org

search. National University of Singapore, Singapore. 1987. p.372-84.
38. [Poisoning with a fish Ciguatera]. [in Bulgarian] Framar.bg. 2013
Jul 26. [Internet]
39. Davis CP. Ciguatera Fish Poisoning (Ciguatera Toxin). New York:
WebMD, LLC; 2016 Sep 30. [Internet]
40. Radke EG, Grattan LM, Morris
JG. Association of cardiac disease and
alcohol use with the development of
severe ciguatera. South Med J. 2013
Dec;106(12):655-7. [PubMed]
41. Friedman MA, Fleming LE,
Fernandez M, Bienfang P, Schrank K,
Dickey R, et al. Ciguatera Fish Poisoning: Treatment, Prevention and Management. Marine Drugs. 2008; 6(3):
456-479. [PubMed]
42. Gillespie N, Lewis R, Burke J,
Holmes M. The significance of the absence of ciguatoxin in a wild population of G. toxicus. In: Gabrie C and
Salvat B (Assoc. Eds.), Proceedings of
the 5th international coral reef congress; 1985 May 27–June 1; Tahiti,
French Polynesia. p.437-42.
43. Withers NW. Ciguatera fish poisoning. Ann Rev Med. 1982; 33:97111. [PubMed]
44. Chateau-Degat ML, HuinBlondey MO, Chinain M, Darius T,
Legrand AM, Nguyen NL, et al. Prevalence of chronic symptoms of
ciguatera disease in French Polynesian
adults. Am J Trop Med Hyg. 2007 Nov;
77(5):842-6. [PubMed]
45. Pearn J. Neurology of
ciguatera. J Neurol Neurosurg Psych.
2001 Jan;70(1):4-8. [PubMed]
46. Schnorf H, Taurarii M, Cundy
T. Ciguatera fish poisoning: a doubleblind randomized trial of mannitol
therapy. Neurology. 2002 Mar;58(6):
873-80. [PubMed]
47. Bagnis R, Spiegel A, Boutin JP,
Burucoa C, Nguyen L, Cartel JL, et al.
Evaluation of the efficacy of mannitol
in the treatment of ciguatera in French
Polynesia. Med Tropicale. 1992;
52:67-73.
48. Blythe DG, Hack E, Washington G, Fleming LE. Foodborne disease
handbook. Hui YH, Kitts D, Stanfield
PS, editors. New York: Marcel Dekker;
2001. 311-20 p.
49. Palafox NA, Jain LG, Pinano
AZ, Gulick TM, Williams RK, Schatz
IJ. Successful treatment of ciguatera

J of IMAB. 2017 Jan-Mar;23(1)

fish poisoning with intravenous mannitol. J Am Med Assoc. 1988; 259:
2740-2. [CrossRef]
50. Blythe DG, de Sylva DP,
Fleming LE, Ayyar RA, Baden DG,
Shrank K. Clinical experience with i.v.
mannitol in the treatment of ciguatera.
Bull Soc Pathol Exotique. 1992; 85(5
Pt 2):425-6. [PubMed]
51. Blythe DG, Fleming LE, Ayyar
RA, de Sylva DP, Baden DG, Shrank
K. Mannitol therapy for acute and
chronic ciguatera fish poisoning.
Memoirs of the Queensland Museum.
Brisbane: Queensland Museum; 1994;
34(2):465-70.
52. Eastaugh JA. Delayed use of intravenous mannitol in ciguatera (fish

poisoning). Ann Emerg Med. 1996;
28(1):105-6. [PubMed]
53. Birinyi-Strachan LC, Davies
MJ, Lewis RJ, Nicholson GM.
Neuroprotectant effects of iso-osmolar
D-mannitol to prevent Pacific ciguatoxin-1 induced alterations in neuronal excitability: a comparison with
other osmotic agents and free radical
scavengers. Neuropharmacology. 2005
Oct;49(5):669-86. [PubMed]
54. Schnorf H, Taurarii M, Cundy
T. Ciguatera fish poisoning: a doubleblind randomized trial of mannitol
therapy. Neurology. 2002 Mar;58(6):
873-80. [PubMed]
55. Inoue M, Lee N, Tsumuraya T,
Fujii I, Hirama M. Use of monoclonal

antibodies as an effective strategy for
treatment of ciguatera poisoning.
Toxicon. 2009 Jun;53(7-8):802-5.
[PubMed]
56. Tsumuraya T, Fujii I, Hirama
M. Production of monoclonal antibodies for sandwich immunoassay detection of Pacific ciguatoxins. Toxicon.
2010 Oct;56(5):797-803. [PubMed]
57. Lawley R, Curtis L, David J.
The food safety hazard guidebook.
2nd ed. London: RSC Publishing;
2012. 205 p.
58. Regulation (EC) ¹853/2004 of
the European Parliament and of the
Council. Official Journal of the European Union. 2004 April 30;L139(55).
116 p. [Internet]

Please cite this article as: Zlateva S, Marinov P, Yovcheva M, Bonchev G, Ivanov D, Georgiev K. CIGUATERA POISONING: Pacific disease, foodborne poisoning from fish in warm seas and oceans. Review. J of IMAB. 2017 Jan-Mar;23(1):14741479. DOI: https://doi.org/10.5272/jimab.2017231.1474
Received: 01/09/2016; Published online: 21/02/2017

Address for correspondence:
Georgi Bonchev, PhD
Head, Laboratory of Analytical Toxicology, Military Medical Academy, Naval
Hospital - Varna.
3, Hristo Smirnenski Blvd., 9010 Varna, Bulgaria
Tel: + 359(52)386 204
E-mail: toxilab.varna@abv.bg
J of IMAB. 2017 Jan-Mar;23(1)

https://www.journal-imab-bg.org

1479

