marine biotoxins

1 Introduction XE "Marine biotoxins: introduction" 
1.1 Introduction, general

Many medical problems are more or less specific to the marine environment. Consider jellyfish, fire coral, sea snakes and other venomous marine creatures (vertebrates and invertebrates), decompression sickness, electrogenic and traumatogenic fishes such as electric eels, certain sharks and stone fish, the problems caused by some algae and intoxication resulting from eating poisonous fish. Three types of illness are associated with ingestion of seafood: allergic, toxic and infectious. In the following paragraphs we will discuss some specific disorders caused by biotoxins.  

1.2 Introduction, plankton

The seas and oceans contain very large numbers of plankton. Plankton consists of organisms which drift passively with the ocean currents (Gr. planktos: wandering, floating) and includes several species of unicellular and multicellular organisms. The more animal-like ones are called zooplankton, those which have more plant-like features are known as phytoplankton. Some have characteristics from both: animal-like (active movement, eating) and plant-like (photosynthesis). There are various micro-organisms in the phytoplankton which produce toxins. Toxins originating from algae are known as phycotoxins. Plankton also contains some larger animals, a few centimetres long, such as krill (Euphausia superba XE "Euphausia superba: ciguatera and other marine biotoxins, introduction" ). 

*

Phytoplankton: important elements

· Phaeophyta (brown algae)

· Chlorophyta (green algae)

· Rhodophyta (red algae)

· Chrysophyta (golden algae, diatoms)

· Haptophyta (sometimes classified as golden algae)

· Euglenophyta

· Pyrrophyta (dinoflagellates) 

· Cyanobacteria (blue-green algae, prokaryotes)

1.3 Introduction, diatoms 

Intoxication may result from the blooms of certain diatoms. These small algae belong to the Baccilariophyta and are related to the golden algae (Chrysophyta). They are round, square or triangular (“Centrales” with radial symmetry) or elliptical, spool or feather-shaped (“Pennales” with bilateral symmetry). They are enclosed in two hard shells (frustules) which fit into each other like a box with a lid. This is where their name comes from (Gr. diatomos = cut in two). These shells contain silica, which is often arranged as opal (SiO2.nH2O) in beautiful symmetrical patterns. This gives them a brocade-like outer appearance or makes them look like small art nouveau jewels. During asexual reproduction, each daughter cell keeps half of the box and makes a new half to go with it. The old half is always the larger, the newly formed is always the smaller. Consequently one daughter cell will always be smaller than the parent cell. In some varieties the shell is expandable and the original size is restored. In other varieties, individuals which have achieved 30% of the maximum diameter begin sexual reproduction with meiosis and the formation of 4 sperm cells or an oocyte. The zygote is formed after fertilisation and is known as an auxospore. After mitosis the original morphology and size are resumed. The adult cells have no flagella (although the male gametes do). Sediments which contain many diatoms with tiny siliceous skeletons (diatomaceous earth, Kieselguhr) are quite often used for technical purposes, such as polishing, filtration, absorption, and so on. Pseudonitzschia pungens XE "Pseudonitzschia pungens: ciguatera and other marine biotoxins, introduction" , P. multiseries XE "Pseudonitzschia multiseries: ciguatera and other marine biotoxins, introduction" , P. australis XE "Pseudonitzschia australis: ciguatera and other marine biotoxins, introduction"  and P. pseudodelicatissima XE "Pseudonitzschia pseudodelicatissima: ciguatera and other marine biotoxins, introduction"  (called by some the genus Nitzschia) produce domoic acid, a toxic amino acid. The role this substance plays in the metabolism of the bacterium itself is still unclear.

1.4 Introduction, dinoflagellates

Most Dinophyta bear flagella and are called dinoflagellates. Dinoflagellates are also known to botanists as Pyrrophyta while for zoologists they belong to the Mastigophora. They do indeed have characteristics of both plants and animals. Some 2100 species are known, including approximately 20 which are toxic. Most live in the sea, some live in freshwater. They form an important part of the plankton (nanoplankton, organisms measuring from 5-20 µm). They take their name from the fact that they slip through the fine mesh of a standard plankton net (Gr. nanos = dwarf). Picoplankton includes organisms smaller than 5 µm. Most Dinophyta are unicellular and have two flagella, but some form colonies and others have no flagella. Many species exhibit bioluminescence and are responsible for the beautiful, fine soft glow which is often seen in the waves of the ocean on a moonless night. Certain dinoflagellates are pathogens and are responsible for ciguatera, neurotoxic and paralytic poisoning by shellfish and toxic diarrhoea.

*

Dinoflagellates are eukaryotes. They have a nucleus with a nuclear membrane. However, their nucleus and DNA exhibit a very characteristic organisation which is not found elsewhere in the animal or plant kingdoms. The DNA fibrils are very narrow and do not contain histones. During mitosis there is no prophase, metaphase, anaphase or telophase. The chromatin is always condensed and is active in this form (in other organisms condensed DNA is always inactive). Reproduction is via binary division, zoospores or gametes with formation of a zygote. The morphologial forms of dinoflagellates vary widely. Some dinoflagellates are naked, but many others possess armour (theca). This armour contains cellulose and sometimes some silica. The armour consists of two or more small plates which have a particular morphology and position. The armour can be quite complex and each species has its own characteristic shape, with for example apical pore, epicone (upper armour) and hypocone (lower armour). These morphological details can be expressed in a thecal formula. The armour plates lie within the plasma membrane and not outside the cell wall as in the case of many other algae. This armour has two grooves which are at right angles to each other. One flagellum lies like a girdle around the equator (cingulum), the other lies in the longitudinal meridian groove (the sulcus). This flagellum can protrude freely. By moving their flagella the organisms turn like spinning tops. The zygotes of many dinoflagellates form hard, chemically inert and resistant cysts (histrichospheres), which permit the organism to survive unfavourable periods. The morphology of the cyst varies greatly from that of the vegetative form. This is probably why in algae which are only known as fossils, cysts and vegetative forms of the same species are often included in different taxonomic groups, because the relationship has not been recognised.

*

Some species of dinoflagellates are photo-autotrophics and can carry out photosynthesis. These species possess chloroplasts with chlorophyl a and c. Other species are heterotrophic and can absorb small particles or other cells. The pigments they contain are carotenes and various xanthines, including peridinin, a unique xanthine pigment specific to this group of organisms. Photosynthesising dinoflagellates accumulate starch as a food reserve. Some species live in close symbiosis with other organisms, such as sea anemones, some jellyfish, sponges, tunicates, octopuses, worms and molluscs, including the giant Tridacna shell. Some dinoflagellates may themselves possess endosymbionts. Certain Ostreopsis species have bacteria belonging to the genera Pseudomonas, Alteromonas, Xanthomonas and Agriobacterium as endosymbionts. Their potential role in the production of toxins needs to be studied further. Some dinoflagellates have an eye spot with carotinoids as pigment. The sedentary Erythropsidinium pavillardii even has a complex ocellus with a tiny lens.

*

Many coral species contain symbionts and are called hermatypic corals. Polyps from reef-building corals contain countless golden-coloured zooxanthellae. These are dinoflagellates without a shell which perform photosynthesis and provide carbon in the form of glycerol to the host polyp. In return they receive shelter and nitrogen-containing substances, and also CO2. By means of the latter they help the coral to precipitate chalk (CaCO3). Some corals contain up to 30,000 zooxanthellae per mm3. Other species of coral contain zoochlorellae, symbiotic unicellular green algae, for the same purpose. Since the zooxanthellae need light, the tropical reef-building corals only grow in very pure, clear shallow water. In many coral reefs at present coral bleaching is occurring. This disease is characterised by the expulsion of zooxanthellae, after which the coral dies. Ahermatypic corals which do not contain symbionts are found from the tropics to the polar oceans, even at great depths in the darkness. Since ahermatypic corals do not contain zooxanthellae, they are not dependant upon sunlight (no photosynthesis).

1.5 Introduction, algal blooms

Algal growth is of course a natural process. Excessive growth on the other hand, may have unfavourable consequences for humans and for the environment. In certain situations the organisms may multiply unhindered and give rise to algal bloom or “red tides”. This happens not only in tropical regions, but also for example, in American coastal waters or in colder seas, e.g. the Baltic. The following circumstances promote algal blooms: (1) a calm sea, (2) increased temperature, (3) low salt content, due for example to recent rains, (4) a lot of sunshine, (5) increased nitrogen and phosphorous content (run-off from fields, due to both animal dung and artificial fertiliser), (6) increased iron content (iron is often a bottleneck element in the growth of algae) as when a great deal of dust and sand containing iron is blown from the land by winds passing over dry regions, (7) sometimes also due to downwelling (a downwards sea current) or upwelling of sediments after storms. The algal bloom may take days or weeks. When the organisms die, they decompose and thereby reduce oxygen levels, so that the water becomes anoxic. Sometimes large amounts of foam can be seen on the sea in the surf, which originates from plant material derived from dead algae. This is of course, together with the stench, disturbing for regions which depend on tourism. The seawater may exhibit red, green, yellow, purple or other tints, depending on the pigments in the dominant micro-organism. Certain algae may cause physical injury to fish, e.g. damage their gills, by both secretion of mucus (Thalassiosira sp XE "Thalassiosira sp. : ciguatera and other marine biotoxins, introduction" ., Phaeocystis pouchetii XE "Phaeocystis pouchetii: ciguatera and other marine biotoxins, introduction" ) and by sharp protuberances which penetrate the gills (Chaetocerus convolutus XE "Chaetocerus convolutus: ciguatera and other marine biotoxins, introduction" ). Some dinoflagellates produce toxins. These algal blooms regularly cause massive mortality in fish, seabirds and sea mammals via accumulation of poison in the food chain. In 1987 approximately 50% of the dolphins in the west of the North Atlantic Ocean were killed by poisonous Gymnodinium breve XE "Gymnodinium breve: ciguatera and other marine biotoxins, introduction" . Some species of algae such as Heterosigma akashiwo XE "Heterosigma akashiwo: ciguatera and other marine biotoxins, introduction"  and Prymnesium parvum XE "Prymnesium parvum: ciguatera and other marine biotoxins, introduction"  secrete toxins directly into the water, which kill fish. Fish may absorb these toxins via their gills, leading to haemolysis. If toxic species of dinoflagellates are abundant, crayfish and crabs as well as mussels and oysters will become temporarily unfit for human consumption. These animals are resistant to a number of toxins, but they do concentrate them in their bodies. In 1987 after a bloom of Rhinosolenia chunii XE "Rhinosolenia chunii: ciguatera and other marine biotoxins, introduction" , the mussels could not be sold for 7 months. Some algae and diatoms give crustaceans a bitter taste. The dinoflagellate Hematodinium causes a bad taste in crabs in Alaska (bitter crab disease). 

*

Various types of algal bloom:

· Algal bloom due to species which quite innocently cause colouring of the sea water. Sometimes large amounts of foam are formed (e.g. Phaeocystis). In exceptional cases, the algal population may become so dense that oxygen levels are reduced to such an extent that sea animals die from suffocation. Examples: Gonyaulax polygramma XE "Gonyaulax polygramma: ciguatera and other marine biotoxins, introduction" , Noctiluca scintillans XE "Noctiluca scintillans: ciguatera and other marine biotoxins, introduction" , Scrippsiella trochoidea XE "Scrippsiella trochoidea: ciguatera and other marine biotoxins, introduction" . The cyanobacterium Trichodesmium erythreum XE "Trichodesmium erythreum: ciguatera and other marine biotoxins, introduction"  may cause the same situation.

· Algal bloom due to toxin-producing species, so that the poison is concentrated via the food chain and may reach humans (see PSP, NSP, ASP, DSP).

· Algal bloom due to species which are not toxic for humans, but are injurious for fish and invertebrates, in particular due to mechanical or chemical damage to the gills. Examples are Chaetoceros convolutus XE "Chaetoceros convolutus: ciguatera and other marine biotoxins, introduction"  (diatom), Gymnodinium mikimotoi XE "Gymnodinium mikimotoi: ciguatera and other marine biotoxins, introduction"  (dinoflagellate), the prymnesiophytes Chrysochromulina polylepis XE "Chrysochromulina polylepis: ciguatera and other marine biotoxins, introduction" , Prymnesium parvum XE "Prymnesium parvum: ciguatera and other marine biotoxins, introduction"  and P. patelliferum XE "Prymnesium patelliferum: ciguatera and other marine biotoxins, introduction" , the raphidophytes Heterosigma carterae XE "Heterosigma carterae: ciguatera and other marine biotoxins, introduction" , H. akashiwo XE "Heteosigma akashiwo: ciguatera and other marine biotoxins, introduction" , Fibrocapsa japonica XE "Fibrocapsa japonica: ciguatera and other marine biotoxins, introduction"  and Chatonella antiqua XE "Chatonella antiqua: ciguatera and other marine biotoxins, introduction" .
1.6 Introduction, eutrophication 

1.6.1 Eutrophication, general

Eutrophy is in fact rather a misnomer since it means normal nutrition. It seems strange, but the waters in a crystal clear mountain stream or the clarity of a coral sea are due to the very low concentrations of elementary nutrients, so that very low numbers of algae are present (desert-like). If the concentrations of nutrients increase, algal growth also increases, and the water will become cloudy. Eutrophication means excessive numbers of plants and algae appear, which occurs when the level of nutrients in the water (nitrogen, phosphorus and trace elements such as iron) no longer limits their growth. Sometimes heavy rainfall is responsible for the introduction of large amounts of rich silt and organic material, but sometimes this is due to human factors (over-manuring, soaps containing phosphate, lack of purification of waste water). In view of the serious consequences to the natural fauna and flora, attempts should be made to counteract eutrophication.

1.6.2 Measures to combat eutrophication: 

· installation or improvement of water purification systems

· introduction of phosphate-free household products (soaps, detergents)

· reduction in agricultural manuring

· industrial measures to reduce the concentration of discharges

· industrial measures to limit the total amount of substances discharged

· conclusion of international agreements concerning this

· provision of effective sanctions if the guidelines are not observed

1.6.3 Monitoring of algal blooms

Algal blooms can be monitored in several complementary ways. There are a number of ways of measuring the primary production of plankton. One of these is using a spectrophotometer, an apparatus which can measure the light intensity at different wavelengths. By using a spectrophotometer it is possible to determine how much light the algae absorb. At present there are satellites which monitor the ocean specifically at a number of wavelengths (evaluation of chlorophyl-content of seawater). Another way of measuring primary production is by monitoring the oxygen concentration in the water. From these measurements, the course of primary production can be determined during several years. It is also possible to determine, for example, whether primary production is equally distributed across the oceans, by comparing measurements from coastal regions with those in mid-ocean. 

*

Note: Eutrophication of fresh water

Fresh waters with a low pH are often oligotrophic (poor in nutrients such as nitrates and phosphates). Waters with pHs of 7-9, on the other hand, are often eutrophic (more or less rich in nitrates and phosphates), allowing a greater biomass of algae to develop. In addition there are dystrophic waters, such as found in very acid bog pools, where the water is poor in nutrients and coloured brown by dissolved peaty humic material. These are very general categories disguising much other important variation in water quality. The Danish hydrobiologist Nygaard developed a formula, which makes it possible to convey an overall impression of the trophic status of a fresh waterbody. His formula describes t (t for trophic). It goes as follows : t = (Nr of species of Cyanobacteria + centric diatoms + Chlorococcales / Nr of species of Desmidiales).

· In oligotrophic lakes t < 1;

· In dystrophic lakes t = 0-0.3;

· In eutrophic lakes t > 1

· In highly eutrophic (hypertrophic) lakes t = 5-20.

*

The algae of the Orders of the Chlorococcales and the Desmidiales belong to the Phylum Chlorophyta. In some classification schemes the diatoms belong to the Class Bacillariophyceae, Phylum Heterokontophyta. Some of the Desmidiales algae ("desmids") which thrive in such inhospitable places as cold peat bogs, are special in the sense that they concentrate the chemical element barium in prominent vacuoles in their bodies, storing it as heavy barite crystals (barium sulphate). Maybe they use those crystals as part of gravity sensors to orient themselves.

2 Ciguatera XE "Marine biotoxins: ciguatera" 
2.1 Ciguatera, summary

· Toxins of a microscopic dinoflagellate: Gambierdiscus toxicus XE "Gambierdiscus toxicus: ciguatera and other marine biotoxins, ciguatera" .
· Poison present in certain tropical sea fish, especially coral reef fish.

· Nausea, vomiting, paresthesia, warm-cold sense inversion, pruritus, headache, shock.

· Treatment with mannitol IV in the acute stage

2.2 Ciguatera, general

Ciguatera concerns a form of food poisoning caused by the consumption of certain tropical and subtropical fish which are normally edible, but have become toxic due to ingestion of algae containing poisonous polyethers. The presence of the latter is determined by ecological conditions on coral reefs. This is the most common form of intoxication associated with the marine environment. There are probably some 10,000-50,000 cases each year, but estimates show wide variation. The average incidence in endemic regions varies from 5-50 cases per 100,000 inhabitants per year, but in some years this can reach as high as 500/100,000 in the South Pacific.

2.3 Ciguatera, history

The first observations of ciguatera date from the 16th century. Pedro Martyr D’Anghera worked for the Spanish crown as a rapporteur on board the ships of the great discoverers such as Columbus and Cortez. In his writings he reported on clinical cases and attributed them to intoxication by poisonous fish. According to him, the poison originated from a tree (Hippomane mancinella XE "Hippomane mancinella: ciguatera and other marine biotoxins, ciguatera" ), the fruits of which fell into the sea. This hypothesis persisted until recent times. In 1675 John Locke, the English philosopher and physician, described the symptoms quite precisely and also reported the effect of an earlier exposure to the poison. James Cook and his crew were poisoned after eating “red pargo” fish (Lutjanidae). It took a month before they recovered. Morrison, on board the Bounty (of mutiny fame), reported ciguatera resulting from eating moray eels in Polynesia, the ship’s doctor being one of those who died. In 1866 in Cuba, Mr. Poey, a lawyer, naturalist and fish expert, reported intoxication due to consumption of a gastropod (Livona pica XE "Livona pica: ciguatera and other marine biotoxins, ciguatera" ) which was known locally as “cigua”. In this way the name ciguatera was introduced.

2.4 Ciguatera, distribution

The disorder only occurs between latitudes 35° North and 34° South and follows the distribution of the madreporic coral reefs. Many tropical archipelagos are affected. In some regions the disorder is endemic, in other places there are irregular epidemics. Other areas again are completely free (insofar as is known).

Geographical distribution of ciguatera:

· Indian Ocean:

· Réunion, Madagascar, Mauritius, Seychelles. 

· To a lesser extent Sri Lanka, the Maldives, Mayotte and the Chagos archipelago. 

· Oddly enough, not in the Red Sea, although the pathogen - Gambierdiscus toxicus XE "Gambierdiscus toxicus: ciguatera and other marine biotoxins, ciguatera"  – is present there.

· South Pacific

· French Polynesia, with significant numbers in Tuamotu (Tahiti and Bora Bora), the Gambier Islands, the Marquesas Islands.

· The Philippines, Fiji, Samoa, Tonga.

· Various other archipelagos such as New Hebrides, Hawaii, Cook Islands, Wallis and Futuna, Marshall Islands.

· Papua New Guinea, New Caledonia and Australia in Queensland, north of Brisbane (Great Barrier Reef).

· Atlantic Ocean

· Florida and the Bahamas.

· Cuba, Jamaica and Hispaniola (Haiti and the Dominican Republic).

· Puerto Rico, Virgin Islands, St Maarten, St Bartholomew, Saba, St Kitts and Nevis, Montserrat, Antigua, Guadeloupe, Martinique.

· Rarely in Trinidad and Tobago.

2.5 Ciguatera, Gambierdiscus toxicus
2.5.1 Gambierdiscus toxicus, General

Gambierdiscus toxicus, a dinoflagellate, was discovered in the Gambier Islands (French Polynesia) during an epidemic of ciguatera in 1976. The cells are brownish green. They are shaped like smarties with a diameter of 80-90 µm and a thickness of 40 µm. This unicellular alga is in fact a benthic organism which grows as an epiphyte on other large algae (compare with a Bromelia in the rain forest). Consequently it is not part of the plankton and plays no part in red tides. The preferred growth site is on the thalli of multi-branched macrophytic seaweeds such as Turbinaria ornata XE "Turbinaria ornata: ciguatera and other marine biotoxins, ciguatera"  or Jania sp. The cells adhere to the thalli by means of mucus threads or a superficial layer of mucus, but dinoflagellates are also sometimes found under the surface of the seaweed. On this type of substrate intense competition between various algae takes place, including other toxic dinoflagellates (Amphidinium XE "Amphidinium sp. : ciguatera and other marine biotoxins, ciguatera" , Ostreopsis XE "Ostreopsis sp. : ciguatera and other marine biotoxins, ciguatera" , Prorocentrum XE "Prorocentrum sp. : ciguatera and other marine biotoxins, ciguatera" , Coolea). It results in a dynamic balance between the various species. Gambierdiscus is sometimes found on pieces of floating seaweed helping the organism to spread. This kind of dispersion explains the distribution to new regions. The alga can also grow on dead coral surfaces. The quantity of available surfaces is determined in part by increased turbidity of the sea water, including that caused by humans (building works, dredging, the development of sea ports, explosives, the sinking of ships and so on) and by nature (tsunamis, storms, cyclones). The dinoflagellates avoid bright sunlight or deep shadow. They will be found in the upper 10-15 metres of the sea water, where there is sufficient, but not too much, sunlight.

*

The alga is responsible for the production of two kinds of toxins: maitotoxins and ciguatoxins. Large cells contain up to 3 times more poison. The concentration of poison varies greatly, however, from region to region. Whether the presence of certain bacteria plays a part in the ecology is not yet clear. Older and larger fish have more chance of containing greater amounts of poison. Do not forget that the age of tropical fish is very difficult to determine. For fish in regions which have seasons, it is possible to study the growth rings in the otoliths (ear bones) or the skin scales, but these techniques cannot be used in the tropics.

2.5.2 Accumulation of poison in the food chain

The accumulation of poison via the food chain passes through five stages: 

1. Degradation or destruction of the coral reef ecosystem. This may be both due to human activities (e.g. excavation and building works) and due to natural causes (heavy storms with destruction of coral reefs). These events play a large part in the changing geographical and seasonal risks of ciguatera. One island may be without danger, while a nearby island is at risk. There is often 5 to 6 months between the destruction of the reef and a ciguatera outbreak, reflecting the time needed for recolonisation of the exposed surfaces.

2. The substrates released are covered with new plants, including seaweeds and toxic dinoflagellates. Proliferation of the dinoflagellates may lead to large areas on which fish can graze and ingest toxins.

3. Since algae serve as food for plant-eating animals low in the food chain (invertebrates and herbivorous fish), the latter animals will absorb the poison. They will generally have a small amount of poison in their bodies. Maitotoxins are concentrated in the intestine of the herbivores and eliminated with the faeces of these animals. Therefore the importance of the toxin in the clinical course of ciguatera is limited. In contrast, ciguatoxin is accumulated chiefly in the liver, the eggs and the skin. Some fish have large amounts of poison in the muscles (e.g. Scaridae). Many species of fish can contain the poison. Of importance here are Acanthuridae (surgeon fish), Scaridae (parrot fish), Balistidae (trigger fish) and Malacanthidae. The latter feed on annelids, molluscs and crustacea. Surgeon fish can be recognised by the sharp moveable spines near the tail (they can cause serious mechanical injuries). The lips of parrot fish are fused into a beak and these animals nibble coral. Their faeces also contain large amounts of sand and lime grains and are an important source of sand on coral reefs. They have the unusual habit of secreting a mucus coccoon around their bodies in the evening, a kind of sleeping bag to spend the night in. Trigger fish have two special dorsal spines towards the front of its back. In exceptional cases molluscs also accumulate the poison (e.g. the original “cigua”).

4. Fish concentrate the toxins in their bodies and may modify them chemically. Piscivorous fish then accumulate more toxins and are more dangerous if consumed by humans. Notorious examples are Muraenidae (moray eels), Sphyraenidae (barracudas), Serranidae (groupers), Lutjanidae (snappers), Carangidae (jacks). It is not so much the taxonomic relationship of the animals which is important, but their feeding habits. Pelagic piscivorous fish which can swim long distances, e.g. barracudas, may take the poison outside the regions of coral reefs. 

5. If these fish are eaten by humans, intoxication may follow.

2.6 Ciguatera, Toxins
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Maitotoxin

This poison was first isolated in 1971 by Yasumoto in Japan, from the intestine of the black surgeon fish (Ctenochaetus striatus XE "Ctenochaetus striatus: ciguatera and other marine biotoxins, ciguatera" ), known as “Maito” in Tahiti. The poison is not found in other tissues of these animals. In Tahiti this fish is eaten after grilling but without being eviscerated, which means that clinical problems may follow due to ingestion of maitotoxin. There is respiratory and cardiac arrhythmia, areflexia and muscular atonia, followed by cyanosis and death without convulsions. Maitotoxin is a complex molecule in the form of a long chain with many cyclical ethers. The molecular weight is 3422 Dalton (C164, H256, O164). The structure was elucidated in 1992. It is one of the most powerful non-protein toxins that has ever been discovered (50 times more powerful than tetrodotoxin) and is only surpassed by palytoxin, a polyketide present in some sea anemones (Palythoa sp XE "Palythoa sp. : ciguatera and other marine biotoxins, ciguatera" ) and certain crabs. Maitotoxin is a powerful activator of calcium channels.

*

Ciguatoxin

Ciguatoxin was originally isolated by Scheuer in Hawaii in 1967. The structural formula of ciguatoxin was discovered on the basis of 350 µg of poison originating from 830 kg of Javanese giant moray eels (Gymnothorax javanicus XE "Gymnothorax javanicus: ciguatera and other marine biotoxins, ciguatera" ). The toxin is present in low concentrations, but is extremely powerful. The toxins form a family of very closely related structures with a molecular weight of 941-1117 Dalton. There are a number of variants, depending on whether certain chemical groups (-H, -CH3, etc) are present or not. It is a heat-resistant, fat-soluble polyheterocyclic molecule structurally related to brevetoxin. The poison binds to voltage-dependent sodium channels in muscle and nerve cells, so that they remain open. 

*

Scaritoxin

This toxin was isolated in 1976 in Tahiti from a parrot fish (Scarus gibbus XE "Scarus gibbus: ciguatera and other marine biotoxins, ciguatera" ). It is a metabolite of ciguatoxin, but dinoflagellates are also said to be able to produce the poison in in-vitro culture. More research is needed.

2.7 Ciguatera, clinical aspects

The symptoms usually follow eating toxin-containing fish, rarely after eating gastropods, crustaceans or sea urchins. The fish does not differ as regards to colour, taste or smell. The poison is not destroyed by baking or boiling, or broken down by gastric acid, pickling, drying freezing, smoking or processing in canned foods. The symptoms depend on the amount of poison (the quantity of fish and type of tissue eaten), as well as the body weight of the patient and possibly individual sensitivity. Previous exposure to sub-clinical amounts also play a role in the symptomatology due to accumulation. 

*

The symptoms are gastro-intestinal, cardiological and neurological in nature and are generally self-limiting. After an incubation period of 3-8 hours (range 1 - 20 hours) the patient does not feel well. There is congestion of the face. Muscle and joint pain, headache and dizziness follow. The patient has nausea, together with abdominal pain, possibly vomiting and diarrhoea. Sometimes there is oliguria. Some tingling around the mouth can arise, which then becomes generalised. There may be a metallic taste in the mouth, together with sweating, lacrimation and hypersalivation. Rarely mydriasis, strabismus or paralysis develop. The dysaesthesia and paresthesia are exacerbated by cold and there is sometimes an inversion of the cold-heat sensation. This may be expressed by a burning feeling when touching cold water or drinking a cold drink. Somewhat later a pronounced generalised pruritus appears. This may persist for weeks. Later still there may be skin rash and desquamation. The gastro-enteric and cardiac symptoms usually last 1 to 5 days, but the nervous symptoms and feeling of fatigue may persist for several weeks. Sometimes the symptoms become worse when drinking alcohol. Combined with alcoholic intoxication, there is irregular heart rate and bradycardia, hypotension with or without AV-block. Mortality is low (0.1 to 4%) and death follows respiratory arrest or cardiovascular shock. The poison is probably excreted in breast milk.

2.8 Ciguatera, diagnosis

The diagnosis is made clinically. There are no typical biochemical or haematological parameters which can support the diagnosis. The following are important to differential diagnosis: 

· Common gastro-enteritis

· Tetrodotoxin intoxication (e.g. from eating porcupine fish or fugu)

· Scombridae ichthyotoxism (symptoms of histamine release)

· Haff disease (rhabdomyolysis)

· Acute vitamin A intoxication (eating the liver of predators, including sharks or polar bears)

· Botulism from food (type E)

· Allergy to fish (symptoms of urticaria – also think of urticaria secondary to anisakiasis)

· Neurotoxic or paralytic poisons originating from shellfish

· Intolerance to sulphite, tartrazine, glutamate

· Decompression sickness (caisson disease, the bends)

· Sea sickness

· Post-alcohol hangover

2.9 Ciguatera, treatment

· Gastric lavage, the sooner after ingestion, the more effective

· Mannitol XE "Mannitol: marine biotoxins, ciguatera, treatment"  infusion. This osmotically active substance reduces oedema in the nerve at the nodes of Ranvier. The guideline is 1 g mannitol per kg body weight, administered IV as 20% mannitol over 20’-30’. The use and effectiveness of this substance was discovered by accident when a ciguatera patient was initially wrongly diagnosed as having cerebral oedema.

· Calcium gluconate IV

· Vitamin B IV (usefulness ?)

· Atropine in bradycardia

· Corticosteroids

· Gabapentine XE "Gabapentine: marine biotoxins, ciguatera, treatment"  (Neurontin®) has brought good results in some patients. Further research is required to determine its therapeutic place. The molecule is structurally related to gamma-amino butyric acid (GABA, a neurotransmitter) and is better known as an anti-epileptic or analgesic in neurogenic pain.

2.10 Ciguatera, prophylaxis

2.10.1 Monitoring of dinoflagellates. 

Various endemic countries have set up a monitoring programme to identify high risk periods. If fewer than 10 cells of G. toxicus per gram of seawater are detected, the danger is considered to be very low. If more than 100, there is a threat. However, more research is needed into the various elements of the ecological requirements of this toxic dinoflagellate.

Although dinoflagellates are found on red algae (Rhodophyta), brown algae (Phaeophyta) and green algae (Chlorophyta), a specific association exists between well-defined macro-algae and certain dinoflagellates. Dinoflagellates occur more on branched species than on broad-leaved seaweeds. The density is higher in the lee of the wind, certainly if there is moderate runoff of water from the land. Both organic and inorganic nutrients, as well as lower sea salt concentrations have a role in this. 

2.10.2 Monitoring fish stocks 

Control of the fish stocks together with monitoring of phycotoxins are required, certainly a few months after heavy storms or hurricanes. Eating groupers, jacks, barracudas, moray eels and other known dangerous fish should be systematically avoided. Similar advice is more difficult if the fish species are only sporadically toxic. If there is uncertainty as to the identity of a fish in endemic regions it is best to avoid eating part of a large fish (small fish which may be served whole are generally not dangerous). In endemic zones local people often first give a piece to the cat. If the animal does not vomit, the fish is regarded as safe. The extent to which this is reliable is as yet unclear. Remember that pelagic fish may absorb toxins on a coral reef and then are able to cover great distances (e.g. from the Caribbean to New York). Also, fish living in the deep sea may contain poison even if they live far away from the coral reef.

2.10.3 Ciguatera, Detection of poison

Toxins are detected via several techniques, including bio-assays. There are various animal tests of variable reliability (a mouse assay is the best to date). Sometimes a mosquito assay is used. After intrathoracic injection of Aedes aegypti with 0.5 µl of poisonous extract, the mosquitoes die of ciguatoxins. There are tests for measuring toxin concentrations using HPLC or detecting the toxicity on tissue cultures. Colorimetric stick tests (Ciguacheck), radio-immunoassays, ELISA, capillary electrophoresis, mass spectrometry and other tests have all been developed, but there is as yet no good and easy test available.

*

The Ciguatect kit is a qualitative method for detecting the presence of ciguatoxin. The suspected sample (tissue or its extract containing the toxin) is immobilized on the membrane and exposed to an immunobead solution. This solution is prepared by combining an antibody specific to the toxin with microscopic colored latex beads. The coated immunobeads are capable of binding to the toxin whenever present on the membrane. If toxin is present, this results after a few mintes in a color change on the membrane. The assay is semi-quantitative, since the intensity of the color reflects the antigen magnitude in the sample. In order to use the Ciguatect test kit, one makes a deep incision about 2 cm behind the head of the sample fish and inserts the membrane end of the test strip. The strip is placed on a flat surface until the membrane is dry (about 5 minutes). The membrane end of the test strip is immersed in methanol solution and then allowed to dry for about 5 minutes. This step helps the toxin migrate from the tissue to the membrane structure where it is immobilized. The membrane end of the test strip is immersed in the immunobead solution and left undisturbed for 10 minutes. No color on the membrane is indicative of negative toxicity, and it is given a score of zero. The presence of color on the membrane denotes the presence of ciguatoxin in the fish. A faint color indicates borderline toxicity. The intensity of color is compared to a set of positive results ranging from 1 to 5. The average value for the scores from duplicate or triplicate sample strips is calculated. This type of marine toxin detection assay can be used for high-volume screening of suspect toxic fish on board ships, in dockside laboratories, at aquaculture facilities, as well as in regulatory agency laboratories.
2.11 Ciguatera, fish species 

More than 400 fish species have been described which may contain ciguatoxin. They belong to the following families: 

· Murenidae: Moray eels often live in holes in coral reefs. Active at night.

· Sphyraenidae: Barracudas. Fast swimming carnivorous fish with a characteristic shape.

· Lutjanidae: Snappers. Carnivorous fish on coral reefs.

· Serranidae: Groupers. Carnivorous fish on coral reefs and elsewhere.

· Carangidae: Jacks. Carnivorous fish with a pelagic existence.

· Acanthuridae: Surgeon fish. Small shallow water fish which are chiefly herbivorous. 

· Balistidae: Trigger fish. Small shallow water fish. Omnivorous, can swim long distances.

· Scaridae: Parrot fish. Typical beak, herbivorous – coral eaters.

*

To a lesser extent: 

· Belonidae: Needlefish. They are recognisable by their long narrow snouts.

· Holocentridae: Soldierfish and squirrelfish

· Labridae: Wrasses. Prominent “lips”

· Mugilidae: Mullets 

· Mullidae: Surmullets, goatfish

· Scombridae: mackerels and their allies

3 Shellfish-associated Biotoxins XE "Marine biotoxins: shellfish associated biotoxins"  

3.1 Shellfish-associated biotoxins, summary

Problems caused by phycotoxins in mussels, oysters and other edible seafood:

· PSP: paralysis due to saxitoxin and gonyaulatoxins

· NSP: paresthesia due to brevetoxin; also bronchial spasms

· DSP: diarrhoea due to okadaic acid

· ASP: memory disturbances due to domoic acid

Separate problem:

· Pfiesteria: skin ulcers and lesions of the central nervous system. Toxins unclear

3.2 Shellfish-associated biotoxins, general

Many shellfish –certainly bivalves– often filter enormous amounts of seawater (a mussel filters 50-150 litres of seawater each day). The smallest particles of the plankton, including dinoflagellates, algae and diatoms, remain behind as food. In this manner shellfish concentrate toxins. Most shellfish are not themselves sensitive to these toxins. Toxins may be further modified chemically within the shellfish. The toxins are heat-stable and are not destroyed by boiling, although they may leak into the cooking water. They must not be confused with the toxins of some freshwater cyanobacteria, such as Phormidium sp. XE "Phormidium sp. : ciguatera and other marine biotoxins, shellfish associated biotoxins"  or the hepatotoxic microcystines of Microcystis aeruginosa XE "Microcystis aeruginosa: ciguatera and other marine biotoxins, shellfish associated biotoxins"  which may be found in drinking water.

3.3 Shellfish-associated medical problems

Mussels, oysters, St. Jacob’s scallops and a number of other molluscs accumulate viruses, bacteria and toxins due to their manner of feeding (filtration of seawater). Sometimes other medical problems are caused by molluscs, such as stings from venomous Conus shells or bites from Hapalochlaena sp. XE "Hapalochlaena sp. : ciguatera and other marine biotoxins, shellfish associated biotoxins"  (blue ring octopus). 

*

Problems caused by eating shellfish:

· Bacteria: Salmonella, Vibrio
· Viruses: hepatitis A, Norwalk virus

· Allergy

· Toxins: e.g. heavy metal (mercury)

· Toxins: Diarrhoeic shellfish poisoning (DSP)

· Toxins: Paralytic shellfish poisoning (PSP)

· Toxins: Neurotoxic shellfish poisoning (NSP)

· Toxins: Amnesic shellfish poisoning (ASP)

3.4 Shellfish-associated biotoxins, toxic dinoflagellates 

Shellfish poisoning may result from the presence of large numbers of toxic dinoflagellates in the seawater. The species of dinoflagellate which is responsible for human illness depends on the geographical location. In the southern hemisphere Pyrodinium species will be responsible for PSP, while Alexandrium, Gymnodinium and Dinophysis are responsible for PSP, NSP and DSP in the Northern hemisphere. Gonyaulax tamarensis sometimes blooms in the North Sea, while in California Gymnodinium catenatum causes problems. Most clinical cases occur between late spring and early autumn, which corresponds to the bloom season of these photosynthesising organisms. Shellfish poisoning can also occur without an algal bloom, however. If sediments containing dormant cysts are disturbed so that the cysts are brought into suspension (by dredging or storms), they may pass into the food chain.

Paralytic shellfish poisoning (PSP)
Saxitoxin – Gonyautoxins

Alexandrium (Gonyaulax) tamarense XE "Alexandrium (Gonyaulax) tamarense: ciguatera and other marine biotoxins, paralytic shellfish poisoning" 
Alexandrium catenella XE "Alexandrium catenella: ciguatera and other marine biotoxins, paralytic shellfish poisoning" 
Alexandrium minutum XE "Alexandrium minutum: ciguatera and other marine biotoxins, paralytic shellfish poisoning" 
Pyrodinium bahamense XE "Pyrodinium bahamense: ciguatera and other marine biotoxins, paralytic shellfish poisoning" 
Gymnodinium catenatum XE "Gymnodinium catenatum: ciguatera and other marine biotoxins, paralytic shellfish poisoning" 
Cochlodinium catenatum XE "Cochlodinium catenatum: ciguatera and other marine biotoxins, paralytic shellfish poisoning" 

Ciguatera

Ciguatoxins - Maitotoxin

Gambierdiscus toxicus

Ostreopsis sp.

Amphidinium sp.

Coolia monotis

Prorocentrum sp.



Neurotoxic Shellfish Poisoning (NSP)
Brevetoxins

Gymnodinium breve XE "Gymnodinium breve: ciguatera and other marine biotoxins, neurotoxic shellfish poisoning" 

Pfiesteria-related problems

Toxins as yet unidentified

Pfiesteria piscicida XE "Pfiesteria piscicida: ciguatera and other marine biotoxins, pfeisteria related problems" 


Diarrhoeic Shellfish poisoning (DSP)
Okadaic acid

Dinophysis sp. (D. norvegica, D. acuta XE "Dinophysis acuta: ciguatera and other marine biotoxins, diarrhoeic shellfish poisoning" , D. fortii XE "Dinophysis fortii: ciguatera and other marine biotoxins, diarrhoeic shellfish poisoning" 

 XE "Dinophysis norvegica: ciguatera and other marine biotoxins, diarrhoeic shellfish poisoning" )
Prorocentrum lima XE "Prorocentrum lima: ciguatera and other marine biotoxins, diarrhoeic shellfish poisoning" 

Amnesic Shellfish Poisoning (ASP)

Domoic acid

Pseudonitzschia pungens XE "Pseudonitzschia pungens: ciguatera and other marine biotoxins, amnesic shellfish poisoning" 
Pseudonitzschia pseudodelicatissima XE "Pseudonitzschia pseudodelicatissima: ciguatera and other marine biotoxins, amnesic shellfish poisoning" 
Related diatoms



3.5 Shellfish-associated biotoxins, persistence of toxins

The “Alaskan Butter Clam” accumulates saxitoxin in its digestive glands, gills and siphon. The toxicity may persist for two years. This is partly explained by a symbiosis between the dinoflagellate and the mollusc. Saxitoxin in mussels (Mytilus sp.) is stored in the animal’s hepatopancreas. The toxin has a half-life of 12 days if the animals are kept in toxin-free salt water at 15-20°. Mussel banks which are not useable in the summer, may thus deliver edible mussels a few months later. The adductor muscles of St. Jacob’s scallops are rarely toxic (generally only this part of the animal is eaten), although the other tissues contain significant amounts of toxins.

3.6 Shellfish-associated biotoxins, clinical aspects

Here we will discuss further the medical problems resulting from biotoxins which originate in plankton and are absorbed via eating shellfish or molluscs. We will differentiate between various clinical entities: 

· PSP: paralytic shellfish poisoning. 
Paralysis is foremost here.

· NSP: neurotoxic shellfish poisoning. 
Paresthesia is foremost here.

· DSP: diarrhoeic shellfish poisoning. 
Severe diarrhoea is foremost here.

· ASP: amnesic shellfish poisoning. 
Memory problems are foremost here.

3.6.1 PSP
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Paralytic shellfish poisoning (PSP) is the result of ingestion of saxitoxin, a purine alkaloid. Saxitoxin takes its name from the Alaskan butter clam Saxidomus giganteus. This animal can harbour very large amounts of toxin, and is responsible for a great deal of morbidity. Saxitoxin is produced by Alexandrium (Gonyaulax) tamarense, Alexandrium catenella, Pyrodinium bahamense, Gymnodinium catenatum and Cochlodinium catenatum. Many derivatives of saxitoxin are known as gonyautoxins. The name refers to Gonyaulax, the former name of Alexandrium dinoflagellates. The basic chemical stucture of these gonyautoxins is identical, but they are distinguished by chemical side-chains such as: -H, -OSO3, -CONH2, -CONHSO3). Saxitoxin blocks sodium channels, which leads to paralysis. Deaths resulting from saxitoxin are known. Sometimes the patient requires mechanical ventilation. The lethal dose for humans is 0.1 to 1 mg. Consequently the toxin is extremely powerful (as toxic as tetrodotoxin). It is even regulated under the Chemical Weapons Convention. The toxins are heat-stable and water-soluble. Differentiation between PSP, tetrodotoxin poisoning and ciguatera is not easy.

There is no antitoxin for PSP. Treatment is based on symptomatic care and the avoidance of complications. Inducing vomiting is dangerous due to the risk of aspiration due to loss of the gag reflex. In case of respiratory depression artificial respiration is necessary. Oxygen should be administered. Whether vitamin B injections are beneficial is still an open question.

3.6.2 NSP

Gymnodinium breve (previously known as Ptychodiscus brevis) is found in the Caribbean and the Gulf of Mexico. This dinoflagellate produces at least two brevetoxins. These are fat-soluble complex molecules (polyketides). They disturb neuromuscular transmission. After being inhaled as aerosol they cause bronchial spasms. This may be manifested as an “asthma” crisis, rhinitis, sneezing, cough or burning eyes after walking on the beach while a strong breeze which splashes up water (with the toxin). This kind of aerosol is facilitated by the fact that Gymnodinium is a very fragile organism which easily breaks in the surf, releasing the endotoxins. The Alexandrium sp. in the Pacific or in the North Atlantic are much less fragile and do not cause irritation via aerosol. Brevetoxins may be present in molluscs (oysters, mussels) during an algal bloom, but are not present in fish, crabs or snails. If the toxins are absorbed in the intestine, nausea and vomiting, abdominal pain and diarrhoea occur. There then follows paresthesia around the mouth, which extends further to the throat, trunk and limbs. Ataxia, mydriasis, vertigo, breathing difficulties, headache and bradycardia may follow. As yet no deaths due to NSP have been reported. The diagnosis is clinical. There is no antidote. 
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3.6.3 DSP

Various Dinophysis sp. and Prorocentrum sp. produce okadaic acid and derivatives (polyketides). The substance takes its name from the marine sponge Halichondria okadai, from which it was first isolated. These marine sponges are cultivated in Japan and New Zealand and also contain halichondrine, an antitumoural substance (possibly active against melanoma). Okadaic acid has several derivatives. They are known as dinophysitoxins and pectenotoxins. The toxins are powerful inhibitors of protein phosphatases 1A and 2A. They are possibly carcinogenic. Severe diarrhoea results from acute intoxication. Not all diarrhoea after eating seafood is the result of this toxin. Molluscs can also contain viruses (Norwalk agent) and bacteria (Salmonella, Vibrio sp.).

3.6.4 ASP
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ASP is caused by domoic acid, a neurotoxic tricarboxylic amino acid structurally related to glutamic acid. It was chemically identified after its isolation in 1958 from the seaweed Chondria armata, found off the coast of Japan. In 1987, more than 100 people became ill and several people died following the consumption of blue mussels caught off Prince Edward Island, Canada. Canadian scientists found that domoic acid had entered the food chain when the mussels fed on a toxic algal bloom of the pennate diatom Pseudonitzschia pungens forma multiseries. This is therefore not a toxin of a dinoflagellate, but from diatoms. Domoic acid is known to occur at low concentrations in various red algae (in Chondria armata, Alsidium corallinum and Digenea simplex). Some bacteria which are present in molluscs may use domoic acid as substrate. Their possible role in detoxification of their host needs further research. If the concentration of domoic acid is more than 20 ppm, the seafood is unsuitable for human consumption. After eating toxic mussels, people experience an initial feeling of nausea and diarrhoea, together with hyperexcitation, followed by symptoms attributable to necrosis of certain parts of the brain such as the amygdala and parts of the hypothalamus. The cerebral lesions may be permanent. Disturbed behaviour and loss of memory, as well as involuntary facial grimaces, convulsions, coma and death may follow. Sometimes the chronic symptoms are similar to those of Alzheimer’s disease. 

3.7 Shellfish-associated biotoxins, summary of clinical aspects


PSP
NSP
DSP
ASP

Incubation period
30’-3h
5’-3h
30’-2h
15’-38h

Early Symptoms
Nausea, Vomiting

Tingling mouth, 

lips, throat.

Floating feeling
Nausea, Vomiting

Diarrhoea

Abdominal pain
Nausea, Vomiting

Diarrhoea

Abdominal pain
Nausea, Vomiting

Abdominal pain

Mild 


Paresthesia ++

Muscular weakness

Ataxia

Headache
Paresthesia

Vertigo

Ataxia

Headache
Severe diarrhoea,

Dehydration
Diarrhoea

Headache

Memory problems
Mutism

Severe 


Dysphagia

Dysarthria

Diplopia

Paralysis
Bradycardia

Convulsions

Mydriasis

No paralysis
Shock
Hemiparesis

Ophthalmoplegia

Convulsions

Hypotension

Cardiac arrhythmias

Duration
2-5 days
2-3 days
3 days
1-100 days

Sometimes permanent

memory problems

Mortality
6% average
nil
nil
4%

3.8 Shellfish-associated biotoxins, monitoring

The conditions of the seawater can be monitored by taking water samples and via satellite pictures. Countries all have their own guidelines for acceptable toxin levels. If these levels are exceeded the government will close commercial mussel and oyster banks, forbid the sale of certain seafood and advise against the use of it. For saxitoxins, for example, the limit is set at more than 500 cells of Pyrodinium bahamense per litre of sea water or more than 40 µg of saxitoxins per 100 gram of mollusc. For brevetoxin there is a guideline that only total absence of the toxin can be accepted. A guideline such as this leads to practical problems. The most frequently used monitoring technique is that of the mouse bioassay. For saxitoxin one mouse unit corresponds to 0.18 µg of saxitoxin. One mouse unit kills a 20 gram mouse within 15 minutes if the toxin is administered into the peritoneum. An in-vitro toxicity test via tissue cell cultures will possibly form a good alternative. 

4 Medical problems due to Pfiesteria piscicida
Shellfish play no role in Pfiesteria piscicida-related pathology. This toxin-producing unicellular alga has an improbably complex life cycle and many (24) morphological forms. These vary greatly in size from 5 µm to 750 µm. It is able to change quickly from one shape to another, which makes detection difficult. The algae lie for a long time inactive on the bottom of the sea or estuary and then suddenly burgeon massively and release toxins if there is a local increase in the number of fish in the neighbourhood. In recent years it has caused massive fish death in rivers and estuaries in North Carolina and parts of Mexico. There are two kinds of toxins: water-soluble and fat-soluble. The fat-soluble one causes skin lesions in fish. The water-soluble toxin affects the central nervous system. It stuns the fish so that they do not swim away, and then the fat-soluble toxin can do its work. The fish skin is damaged, ulcers result and the internal salt balance is disturbed. The fish dies, decomposes and the breakdown substances which contain lots of nitrogen and phosphorous, are used by the algae for their growth. This alga has not been known to date outside North American waters, but account must be taken of the possibility that in future it may appear on other coasts, for example via ballast water from freighters. However, the North Sea is probably too salty and too cold, although there could be a real danger at river mouths.

*

This alga can also have important effects on humans. Humans may have problems if they breathe in the toxins via aerosol or if they get it on their skin. A range of symptoms has been associated with Pfiesteria piscicida. Only a few of these are well documented.

· Skin rash, burning skin

· Eye irritation

· Speech problems (dysphasia), loss of concentration and memory (amnesia), learning and behavioural disorders

· Dyspnoea

· Headache 

· Muscle cramps

5 Conus stings
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There are about 300 species in the genus Conus. The shells of these animals are very beautiful, especially when the periostracum (outer covering) is removed. Collectors pay high prices for nice and rare specimens. They are common animals in the intertidal zone in the tropics, although some occur at large depths in the ocean. The deeper the animal lives, the less likely it is to have contact with humans. About 90% of the species occur in the Pacific ocean, 70% live in the Indian ocean and only 15% are found in the Atlantic ocean. Cone snails ("cone shells") occasionally provoke severe problems in divers. At least 18 species have been implicated in human envenomations. Conus textile and C. geographus have killed humans. 

*

During the day cones burrow in the sandy bottom. They emerge at night to feed. One can divide the species in three main groups, according to their feeding behaviour. Some are mainly fish-eating species (piscivorous), some are worm-eaters (vermivorous) and some eat other mollusks (molluscivorous). Species which are piscivorous need to have a very strong and fast-acting neurotoxic venom in order to be able to paralyse and eat their fast swimming prey. If the venom would be too slow in acting, the fish would swim out of reach of the slow moving mollusk. Cones that feed on fish or mollusks are the most dangerous. 

· Piscivorous 
: Conus geographus, C. striatus, C. tulipa
· Molluscivorous 
: C. textile, C. marmoreus, C. gloriamaris, C. omaria
· Vermivorous 
: C. imperialis, C. eburneus, C. quercinus, C. lividus, C. tessulatus, C. ventricosus, C. parvatus, C. rattus, C. flavidus. C. generalis, C. arenatus
*

Cone snails have a venom gland which is surrounded by a hollow muscular pump. During the passage of the milky venom through the exit duct, the composition of the venom changes (it becomes clear). If this processing represents activation of toxins is not known yet. These predatory snails inject a rapid-acting venom by means of a unique apparatus. The animals have a special organ, a storage sack, where superbly crafted dartlike mini-harpoons (radular teeth) are synthetised. The sculpted barbed teeth are marvels of cellular engineering and design. They can become 10 mm long. Each species has its own characteristic shape of harpoon. A radular tooth is released from the sheath into the pharynx, where it is coated with venom. It is then transferred to the tip of the proboscis. The animal will quickly sting a nearby prey, and will wait for the effects of the venom. 

*

The venom is a complex mixture containing small peptides (12-20, max 35 amino acids). The small size promotes fast diffusion in the tissues and a quick onset of symptoms. The toxins are known as conotoxins. There are many different types of conotoxins (more than 100 have been identified). Several of these are used in research. All conotoxins seem to target the neuromuscular junction and ion-channels. 

· Alpha-conotoxins inhibit nicotinic acetylcholine receptors

· Mu-conotoxins inhibit voltage-gated sodium channels

· Kappa-conotoxins inhibit voltage-gated potassium channels

· Omega-conotoxins inhibit neuronal voltage-gated calcium channels. Ziconotide is a derivate which is being studied as an analgesic and as a drug which might be useful in cerebrovascular accidents. 

· Contulakines resemble the neuropeptide neurotensine.

· Conopressine is an vasopressine receptor agonist.

*

Symptoms include local pain. Local ischemia is followed by cyanosis and numbness. Soon afterwards, paresthesias are noticed. They will spread and regional paralysis follows. Systemic paralysis is characterized by diplopia with blurred vision, dysphagia with absent gag reflex, weakness and areflexia (compare with the effects of curare). Paralysis of the diaphragm will lead to death. As treatment, the same pressure-immobilisation technique as for neurotoxic snakes is used. Soaking in hot water (45°C) can destroy heat-labile toxins. Artifical ventilation might be necessary. It is not clear if neostigmine is useful, but an edrophonium test makes sense.  There is no antivenom. A sting wound has to be checked for a retained radular tooth (foreign body). If the patient survives, the symptoms resolve in 2-3 weeks. 

6 Haff disease XE "Marine biotoxins: haff disease" 
6.1 Haff disease, history

During the 1920s the name “Haff disease” was given to a disorder which affected approximately 1000 people around Köningsberg Haff, a brackish water bay in the Baltic Sea. Similar cases occurred later in Sweden, the USSR (various lakes) and the USA. It was assumed that eating toxic burbot (Lota lota XE "Lota lota: ciguatera and other marine biotoxins, Haff disease"  or eelpout), a species of fish, was responsible. Haff disease is a syndrome characterised by rhabdomyolysis, which results from eating certain carp-like fish (ciprinoids). The disorder is caused by one or more toxins, the structure of which has not to date been clarified. Possibly it is a toxin originating from cyanobacteria. The toxin is heat-stable and is therefore not destroyed by boiling or baking. In 1997, 6 cases were identified in California and Missouri. The symptoms began after eating Ictiobus cyprinellus XE "Ictiobus cyprinellus: ciguatera and other marine biotoxins, Haff disease" , known as buffalo fish. This is a benthic species (it feeds on the river bottom) and is found in the Mississippi and its tributaries.

6.2 Haff disease, clinical aspects

The onset is acute, on average 8 hours after eating the fish. Sometimes the incubation period is longer, up to 18 hours. There is pronounced muscular pain and muscle stiffness. Due to muscle necrosis large amounts of myoglobin pass into the blood stream. The urine is stained brown by the myoglobin. This is sometimes confused with haematuria. The concentration of muscle enzymes in the peripheral blood increases greatly, initially the CK, but also LDH. Hyperkalaemia can be expected. The symptoms generally last 2-3 days. Tachypnoea, tachycardia, hypertension and hypothermia may occur. Renal insufficiency is common. Residual muscle weakness may persist after the acute episode. Mortality is approximately 1%.

6.3 Haff disease, treatment

Treatment is symptomatic and based on administration of sufficient fluid to prevent myoglobin nephrotoxicity. It is not clear whether administration of mannitol IV has a favourable effect on the course.

7 Marine biotoxins, Scombroid intoxication XE "Marine biotoxins: scombroid intoxication" 
Tuna, bonito and mackerel belong to the family of Scombridae and are responsible for most cases of scombroid intoxication. The name refers to the Atlantic mackerel (Scomber scombrus XE "Scomber scombrus: ciguatera and other marine biotoxins, scombroid intoxication" ). Sometimes the disorder is caused by fish belonging to other families: herring, sardines and sprats (Clupeidae), anchovies (Engraulidae), swordfish (Xiphiidae), jacks (Carangidae) or bluefish (Pomatomidae). These fish are characterised by the presence of a large mass of red muscle tissue. If the fish is not quickly eviscerated after catching, and certainly if it is kept at room temperature or above, the intestinal bacteria start the rotting process very quickly. In particular Proteus, Klebsiella and Enterobacter are involved. Tissue enzymes from the fish also play a part in decomposition. This may occur before the fish is processed. The bacterial action converts the histidine present in the red muscle tissue into histamine and related substances such as saurine (histamine phosphate) and various biogenic amines. The fish acquires a rather peppery taste. If a person eats such fish, he or she will suffer from flushing of the face, dizziness, nausea and/or vomiting, diarrhoea, thirst and palpitations within a few minutes. Mild fever may be present. An urticarial erythema with pronounced pruritus follows. Sometimes there are severe bronchial spasms and hypotension. The symptoms are those of pseudo-allergy or anaphylaxis. This must not be confused with true allergy to fish (IgE elevated, specific RAST tests). The diarrhoea resulting from scombroid intoxication must also not be confused with diarrhoea resulting from the laxative substances present in oil fish (Gempylidae escolars or snake mackerels, e.g. Ruvettus pretiosus XE "Ruvettus pretiosus: ciguatera and other marine biotoxins, scombroid intoxication" , the purgative fish).

As antidote antihistamines are used, both H1- (e.g. terbenafine) and H2-antagonists (e.g. ranitidine). Sometimes corticosteroids need to be administered. In hypotension, IV fluids and if necessary adrenalin (epinephrine) SC should be administered.

8 Tetrodotoxin XE "Marine biotoxins: tetrodotoxin intoxication" 
8.1 Tetrodotoxin intoxication, general
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Tetrodotoxin (TTX) is a powerful non-protein neurotoxin which blocks sodium channels on nerve cells. One milligram of the toxin can kill an adult. In other words it is approximately as powerful as saxitoxin and 10,000 times more powerful than cyanide. Only palytoxin, maitotoxin and of course botulinum toxin are more powerful. TTX takes its name from the fish order of Tetraodontiformes (Gr. tetra = four; odontos = teeth) or puffer fish. This order encompasses the following families: Tetraodontidae (puffers), Diodotidae (porcupine fish), Molidae (headfishes or ocean sunfishes), Triodontidae (a family with only one species, the threetooth puffer, Triodon macropterus XE "Triodon macropterus: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ). These fish have two, three or four teeth which are fused as a kind of beak. With these dental plates the fish nibble hard-shelled prey such as molluscs or crayfish. Puffer fish can inflate themselves to a round ball in times of danger. To achieve this, water or air is pumped into an elastic bulge in the stomach. Puffer fish do not have scales but small spines. The spines are either immobile and permanently extended (e.g. Chilomycterus) or mobile and extend when the fish inflates itself (e.g. Diodon). Inflation is an effective defence against predators. As an additional defence they have TTX, which is found chiefly in the ovaries and to a lesser extent in the gall bladder, liver and intestines. The best known are the fahaka puffer (Tetraodon fahaka XE "Tetraodon fahaka: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ), Congo puffer (Tetraodon miurus XE "Tetraodon miurus: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ) and the mbu puffer (Tetraodon mbu XE "Tetraodon mbu: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ), but puffer fish of the genera Fugu (Fugu flavidus XE "Fugu flavidus: ciguatera and other marine biotoxins, tetrodotoxin intoxication" , F. poecilonotus XE "Fugu poecilonotus: ciguatera and other marine biotoxins, tetrodotoxin intoxication"  and F. niphobles XE "Fugu niphobles: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ), Arothron (A. nigropunctatus XE "Arothon nigropunctatus: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ), Takifugu (Takifugu rubripes XE "Takifugu rubripes: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ), Lagocephalus (L. scleratus XE "Lagocephalus scleratus: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ) and Chelonodon sp XE "Chelonodon sp: ciguatera and other marine biotoxins, tetrodotoxin intoxication" . all contain TTX. Puffer fish are themselves not sensitive to the toxin, due to a point mutation in their sodium channel receptor. 

*

Amazingly enough, the same toxin is present in completely unrelated animal groups such as the Australian blue-ringed octopus (Hapaloclaena maculosa XE "Hapaloclaena maculosa: ciguatera and other marine biotoxins, tetrodotoxin intoxication" , H. lunulata XE "Hapaloclaena lunulata: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ) [cf. James Bond in the film Octopussy], parrot fish, mullet, starfish (Astropecten scoparius XE "Astropecten scoparius: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ), certain crabs (Zosimus aeneus XE "Zosimus aeneus: ciguatera and other marine biotoxins, tetrodotoxin intoxication" , Atergatis floridus XE "Atergatis floridus: ciguatera and other marine biotoxins, tetrodotoxin intoxication" , Eriphia sp. XE "Eriphia sp. : ciguatera and other marine biotoxins, tetrodotoxin intoxication" ), and horseshoe crab (Carcinoscorpius rotundicaudata XE "Carcinoscorpius rotundicaudata: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ), some flatworms, arrowworms, marine algae (Jania sp. XE "Jania sp. : ciguatera and other marine biotoxins, tetrodotoxin intoxication" ), harlequin frogs (Atelopus sp. XE "Atelopus sp. : ciguatera and other marine biotoxins, tetrodotoxin intoxication" ) and water salamanders (Taricha sp. XE "Taricha sp. : ciguatera and other marine biotoxins, tetrodotoxin intoxication" ). It is unlikely that all these animals (and the algae) have independently of each other come to a common biochemical pathway in the course of evolution, to produce TTX. The most obvious explanation for this is that many organisms live in symbiosis with certain toxicogenic bacteria. It is probable that some of these bacteria synthesise the toxin and closely related molecules (Vibrionaceae: Pseudomonas sp., Photobacterium phosphoreum XE "Photobacterium phosphoreum: ciguatera and other marine biotoxins, tetrodotoxin intoxication" ). Puffer fish grown in culture contain no tetrodotoxin unless they have eaten tissue from a toxin-producing fish. There are to species of blue-ringed octopus. They hold the poison in a special salivary gland and use it when biting their prey. These small animals (15 cm) are very beautiful, pulsating blue rings appearing on their body. Careless amateur divers may be in danger if they approach an animal and try to catch it.

8.2 Tetrodotoxin intoxication, clinical aspects

The first sign of intoxication is a slightly dried out feeling in the lips. This occurs on average twenty minutes to three hours after eating fugu. Then follows paresthesia of the face and limbs, accompanied by a rather light-headed, dizzy feeling. Probably the Japanese habit of eating fugu is based on the hope of experiencing this latter symptom. Added to this is the kick of flirting with death by eating such a fish. Sushi chefs in Japan have to undergo special training and pass exams before they are allowed to prepare this fish. If too much TTX is eaten, headache, sweating, nausea, diarrhoea and/or vomiting result. This is followed by motor paralysis, dyspnoea, cyanosis, speech problems and hypotension. The victim is completely paralysed but remains conscious until just before death (usually 5 hours later, range 20 minutes to 8 hours). Sometimes this is described as a ‘zombie state’. 

8.3 Tetrodotoxin intoxication, treatment

There is no antidote. When confronted with a victim only symptomatic therapy can be administered.

9 Cnidaria XE "Marine biotoxins: cnidaria" 
9.1 Cnidaria, general

Cnidaria include organisms such as jellyfish, sea anemones and corals. They are primitive coelenterates i.e. bag-shaped organisms with only one body opening. They have a mouth and an abdominal cavity, but no anus. Usually tentacles are present around the mouth. This is a very old phylum. Fossils have been found in rocks from the late Precambrian period. The four present-day classes have existed since the Ordovician period. All Cnidaria are carnivorous. Certain jellyfish and sea anemones are eaten in some countries such as Japan and Korea. Some corals are used in jewellery. Every year numerous swimmers have skin contact with these creatures, leading to local skin irritation with or without serious systemic effects. Every year a small number of people die because of these creatures. In view of the increase in the number of travellers to exotic regions, a doctor working in Europe can expect problems which must be viewed in this context.

9.2 Cnidaria, anatomy

Cnidaria are formed from an external ectoderm or epiderm and an internal endoderm or gastroderm. They are diploblastic or formed from two germ layers. Between these two layers is a gelatine-like mass, the mesoglea. This gives them a blubber-like consistency. Muscle cells are found in the innermost and outermost layers. They provide propulsion. There is also a primitive network of nerves. There are two basic forms in the phylum: (1) a polyp, which is fixed to the seabed with one foot, like a sea anemone, and (2) a free-swimming jellyfish (medusa). Sometimes these life stages follow one another (this is called metagenesis). Many polyps together may form a colony, as is the case with many corals and siphonophores. In sexually reproducing species, after fusion of male and female gametes a small planula larva is formed. At this stage it is a small ciliated, pear-shaped creature which over the course of time will come to rest on a solid substrate. After metamorphosis a polyp is produced. This may reproduce asexually via budding or branching outgrowth (stolonic growth). At a certain moment, depending on the size of the colony and/or external environment influences, asexual small jellyfish will form. They are free-living and in the course of time will produce gametes in their turn. There are many variations of this general life cycle.

9.3 Cnidaria, taxonomy

The Cnidaria encompasses four taxonomic classes: 

· Hydrozoa

· Anthozoa

· Scyphozoa

· Cubozoa

9.3.1 Hydrozoa 
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This class includes animals such as the small Hydra, which spends its whole life as a polyp on the bottom. The creature can move itself by performing a somersault. Other Hydrozoa may go through a jellyfish stage, characterised by the presence of a membrane (velum) at the mouth, by which they can be differentiated from true jellyfish. Some species form colonies. These may be either pelagic (floating) or benthic (fixed to the bottom). Such a colony consists of countless individuals where each can have its own speciality, unlike true jellyfish. One example of a floating colony is the Portuguese man-of-war, Physalia physalis XE "Physalia physalis: ciguatera and other marine biotoxins, cnidaria" . This animal is a siphonophore. The creature has no propulsion of its own and is moved passively by the wind and ocean currents. Some Hydrozoa colonies are sessile (they are fixed to a solid substrate). One example of this is fire coral, which belongs to the Milleporidae, e.g. Millepora tenera XE "Millepora tenera: ciguatera and other marine biotoxins, cnidaria" , M. platyphylla XE "Millepora platyphylla: ciguatera and other marine biotoxins, cnidaria"  and M. alcicornis XE "Millepora alcicornis: ciguatera and other marine biotoxins, cnidaria" . They have a solid calcareous skeleton. These polymorphous colonies have a similar appearance as “normal” coral. Skin contact produces severe local irritation quite quickly. Organisms such as Aglaophenia cupressina XE "Aglaophenia cupressina: ciguatera and other marine biotoxins, cnidaria"  and Lytocarpus species (Plumularidae) can also cause lesions after contact with bare skin. 

9.3.2 Anthozoa.

This class includes true corals and anemones. In the class of the Anthozoa there are two subclasses: Octocorallia and Hexacorallia. This refers to the basic symmetry of their body structure. The Octocorallia which includes the soft corals (order Alcyonacea), sea pens and sea pansies (order Pennatulacea), sea fans, whip corals, organ-pipe corals (Stolonifera), blue coral (order Helioporacea) and horny corals (order Gorgonacea) are not dangerous to humans. If there is a current, a sea fan is typically at right angles to the direction of the current in order to have the largest filter surface. The Hexacorallia include the Scleractinia (madrepores or hard corals) which help to provide the splendour of tropical coral reefs, the Zoantharia (cf. Palythoa), the Corallimorpharia, the Antipatharia or black corals, the sea anemones or Actinaria and the medically insignificant Ceriantharia. Skin contact with certain Actinodendron or Dofleinia species of sea anemone may cause death. Actinodendron plumosum XE "Actinodendron plumosum: ciguatera and other marine biotoxins, cnidaria"  is also known as fire anemone. Madrepore corals or stone corals are the best known corals from reefs. They never have a jellyfish stage. Their stinging cells cannot penetrate human skin. Corals form three types of reefs: (1) close to the coast (fringing reefs), (2) barrier reefs which are separated from the coast by a channel and (3) atolls, ring-shaped islands around central lagoons. Corals without symbiotic algae do not perform photosynthesis and may occur down to 3,000 metres. Those which do perform photosynthesis depend on very pure, shallow, clear and sufficiently warm sea water, which is why they only occur in some tropical regions. In countless reefs nowadays, the corals are affected by a number of diseases, coral bleaching being the best known. The problem is so severe and wide-spread that we are witnessing a mass extinction event of gigantic proportions.

9.3.3 Scyphozoa or true jellyfish.

The size varies from 1 cm to 2 metres in diameter. If there is a polyp phase, the polyp forms a jellyfish via a very typical method of reproduction (strobilation). The digestive cavity has four partitions, which gives them a four-fold symmetry. 

9.3.4 Cubozoa 

Cubozoa are similar to classic jellyfish, but differ in their more square shape and the four groups of tentacles. There is no strobilation in the life cycle. The jellyfish develops directly from the polyp stage. The Australian Chironex fleckeri or sea wasp is the best known representative of this group. It is a potentially deadly creature.

*

Note: Ctenophora

Ctenophora or comb-jellyfish are completely different creatures which do not have metagenesis and do not bear cnidae. The superficial similarity of body structure is an example of convergent evolution. Typical is the presence of rows of cilia which often diffract or give off light, so that the splendid creatures look like swimming jewels from a fantasy world.

9.4 Cnidaria, symbionts

Many Anthozoa, Hydrozoa and Scyphozoa have symbiotic unicellular algae. Symbionts belonging to the Dinoflagellata are also known as zooxanthellae. They occur exclusively in marine animals. Zoochlorellae are symbiotic green algae which occur in both sea water and freshwater species. In some species the symbionts can produce toxic substances.

9.5 Green fluorescent protein

Aequoria aquatica (= A. victoria) is a jellyfish or hydromedusa which lives in the cold waters of the north Pacific. The animal measures 5-10 cm, rarely up to 20 cm. It contains a bioluminescent protein  -aequorin- that emits blue light. It also contains a second protein: green fluorescent protein (GFP). It is GFP which converts the blue light given off by aequorin to green light. The fluorescence in a living animal occurs at the rim of the animal's bell. It does not produce a soft overall glow as some photographs might show (do not mistake the reflection of a flash for fluorescence). The purpose and advantage of this bioluminescence are not clear. GFP is a cylindrical protein which contains 238 aminoacids. It carries a central fluorophore which does not contain a chemical prosthetic group but consists of a few specific aminoacids. Solutions of GFP look yellow under typical room light, but glow bright green in sunlight. The protein absorbs ultraviolet light from the sunlight, and then emits it as lower-energy green light. The gene has been cloned. This opened new avenues of investigation in cell, developmental and molecular biology. Fluorescent GFP has been expressed as a functional transgene in bacteria, yeast, slime mold, plants, worms, insects, zebrafish and in mammalian cells, even in living rabbits (cfr the "GFP bunny"). The flexibility as a noninvasive marker in living cells allows for numerous applications.

9.6 Cnidaria, cnidae

Cnidaria contain stinging cells, called cnidocytes. The stinging apparatus or cnida (plural cnidae) is a complex structure formed by the Golgi organelle in the cnidoblast. These stem cells begin by producing the stinging apparatus and then migrate to their final destination in the body of the animal. There are three basic forms of cnidae: nematocysts (venom), spirocysts (adhesive, only in Anthozoa) and ptychocysts (only in Anthozoa, in the order of Ceriantharia). After mechanical or chemical stimulation nematocysts eject a long pointed thread which contains venom (Gr. cnidos = thread). This penetrates the prey at high speed and administers the toxins as an injection. There are 16 kinds of stinging cells, depending on whether the stinging thread is open or closed, whether there are lateral spikes and/or a shaft and also depending on diameter. The ejection of the stinging cells is triggered by locally increased concentrations of certain ions, but is probably also under partial neurological control of the animal (animals which have eaten recently sting much less easily). Ejection of the stinging cells occurs at high speed and is one of the swiftest biological processes known (several times the speed of sound). Some animals such as sea snails (Nudibranchia) can eat stinging cells without their being fired. Even more unusual is that the cells then migrate through the body, appear on the surface of the animal and are used for its own defence. These animals often have a beautiful appearance with fierce warning colours.

9.7 Cnidaria, pathology
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· Sea bather’s itch or planula dermatitis (Gr. planos = roaming; cfr planets = "wandering stars"). At certain times of the year certain Cnidaria simultaneously produce massive amounts of planula larvae. The sea anemone Edwardsiella lineata and the thimble jellyfish Linuche unguiculata are common causes. The planula larvae carry stinging cells. When divers swim during such a period, the larvae come into contact with the skin, and may cause local irritation. When the person is back on board or ashore and dries him/herself, most of the larvae are removed without having fired their nematocysts. But often people do not dry themselves under their swimwear, which means there is longer contact and an itching rash occurs on the covered parts of the body. Differentiation from cercariae dermatitis is easy because the latter only occurs in freshwater (cf. schistosomiasis). 

*
· Palythoa. Certain corals of the genus Palythoa contain an extremely powerful neural and cardiac toxin in their tissues: palytoxin. The chemical structure is that of a polyketide with a molecular weight of 2700 Dalton. It is one of the most powerful non-protein poisons known (more powerful than tetrodotoxin and saxitoxin). Sometimes divers experience tingling and paresthesia when they swim in closed pools which contain large numbers of Palythoa corals. These animals are not remarkable at first sight. Palythoa toxicus XE "Palythoa toxicus: ciguatera and other marine biotoxins, cnidaria"  is a small creature measuring 9 mm, with no striking colour or shape. Palythoa caribaeorum XE "Palythoa caribaeorum: ciguatera and other marine biotoxins, cnidaria"  and P. vestitus XE "Palythoa vestitus: ciguatera and other marine biotoxins, cnidaria"  were formerly used as a source of poison for hunting.

*
· Sea wasp, also known as box jellyfish or Chironex fleckeri. This box jellyfish is found in the coastal waters of northern Australia (from Gladstone in Queensland to Broome in Western Australia), but not in the Great Barrier Reef. It is the most dangerous jellyfish known to man. Usually this jellyfish measures approximately 10-15 cm, but larger animals, up to 30 cm also occur. They may weigh up to 6 kg. The animal is transparent in the water, which makes it difficult to see. The tentacles are 1-2 metres long. It has 4 main bundles of tentacles (pedalia), which split to form about 60 finer tentacles. Each tentacle bears many millions of nematocysts, which are fired after contact with the skin. Massive injection of venom may follow. The result is acute intense local pain and 5-10 mm wide red weals on the skin at the site where the tentacles came into contact. A cross-hatching pattern of the skin lesions  is typical. Confusion, agitation, syncope and collapse with respiratory and cardiac arrest may follow (sometimes within 5 minutes). Every year people die because of this jellyfish. Most cases occur in children, in shallow water. When humans survive there is often skin necrosis with permanent scars. In view of the speed of the symptoms, first aid is literally of vital importance. Once on dry land, any nematocysts still present on the skin which have not fired, need to be neutralised with large amounts of diluted acetic acid (e.g. kitchen vinegar). Antiserum may be administered IM by paramedics on the spot, but it is better to give this IV. It is based on purified sheep immunoglobulins. Its effectiveness has been demonstrated by in-vitro neutralisation tests, by tests on animals and in clinical practice. Antiserum reduces the systemic effects, the pain and the dermatonecrosis. Antiserum is given for all lesions, except for small lesions on parts of the body which are of no cosmetic importance. If no antiserum is available, the pressure immobilisation technique should be applied after inactivation (see chapter on neurotoxic snake bites). This is easier said than done, however, due to the fact that sometimes large body surfaces are affected. When the victim reaches hospital mechanical respiration and narcotic analgesics may be necessary. As prevention, it is advisable not to swim in endemic regions from September to March. It is also better never to swim alone and to wear special “stinger suits”. Even when swimming on beaches which are protected by anti-box jellyfish nets, there is no protection from irukandji stings (see below). 

*
· Chiropsalmus quadrigatus. This jellyfish is similar to Chironex fleckeri, but smaller (7 cm) and has short tentacles, rarely more than nine in number. The venom has dermatonecrotic and haemolytic properties, but the amount injected is much less than that of the box jellyfish. It is true that stinging results in severe pain and hypotension, but the subsequent course is less severe than in C. fleckeri. A few exceptional deaths have been reported from the Philippines, but none from Australia. Residual scar formation is minimal. In experiments antiserum to Chironex also neutralises the venom from Chiropsalmus quadrigatus XE "Chiropsalmus quadrigatus: ciguatera and other marine biotoxins, cnidaria" , but there are no further clinical data.

*
· Carukia barnesi. This small jellyfish measures 2 cm and is responsible for an unusual and dramatic illness, known as irukandji syndrome. It is possible that other cubozoa are also able to provoke the syndrome, but little is known about these animals. It occurs in northern Australia, chiefly northern Queensland. Unlike Chironex fleckeri XE "Chironex fleckeri: ciguatera and other marine biotoxins, cnidaria" , Carukia barnesi occurs in deeper waters of the reef. The stinging itself produces moderate pain, with little associated tissue damage. Approximately 30 minutes later the patient develops a complex of symptoms, including severe back and abdominal pain, pain in the limbs and joints, nausea, profuse sweating and agitation. Paresthesia, local goose bumps (piloerection), hypertension and tachycardia are common, probably as the result of endogenous catecholamine release. It is best to hospitalise the patient, administer painkillers (often opidoids) and begin antihypertensive treatment, e.g. with phentolamine (alpha blocker). It is possible that IV magnesium sulfate is useful, but further study is needed. Transient dilated cardiomyopathy has been described and it is advisable to carry out serial echocardiography in patients with severe symptoms. In rare cases patients die due to these small creatures. Lethal cerebrovascular accidents can occur. It is still unclear whether vinegar neutralises the jellyfish’s nematocysts. Skin scrapings permit identification of the nematocysts.

*
· Physalia species (Portuguese man-of-war). This is not a true jellyfish, but a floating colony of polyps. Physalia physalis XE "Physalia physalis: ciguatera and other marine biotoxins, cnidaria"  is found in the Atlantic ocean and the smaller Physalia utriculus, known as bluebottle, in the Indopacific. The genus is recognised by a float or pneumatophore, filled with gas, including carbon monoxide. This float is approximately 15 cm long. The animals sometimes rock from side to side, alternately immersing one or the other side to prevent drying out. The tentacles of P. physalis can be up to 10 metres long. P. utriculus XE "Physalia utriculus: ciguatera and other marine biotoxins, cnidaria"  only has one long tentacle. Physalia physalis occupies a special place in the history of medicine. It was through experiments with this species (and also with Anemonia sulcata XE "Anemonia sulcata: ciguatera and other marine biotoxins, cnidaria" ), that two French oceanographers, Richet and Portier, discovered the phenomenon of anaphylaxis in 1902. While searching for the basis of immunity, they discovered hypersensitivity. This is a basic concept in allergic phenomena. It won them the Nobel prize in 1913. Stinging results in local pain and skin lesions, headache, nausea, vomiting, abdominal pain and rarely collapse. During First Aid the tentacles should be removed mechanically (with tweezers). Do not rub the skin with sand as more nematocysts will be stimulated. The as yet unstimulated nematocysts on the skin may be stimulated with vinegar, making the lesions worse, but there is still doubt about this. If using vinegar for unknown jellyfish stings it is always advisable to first try out the fluid on a small area of skin (30’’) to evaluate the reaction.
*
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· Stomolophus nomurai XE "Stomolophus nomurai: ciguatera and other marine biotoxins, cnidaria"  is a large jellyfish which is found in the Yellow Sea between China and Korea, and other places. Stinging by this creature is characterised by pulmonary oedema which occurs within 2-24 hours. It has been responsible for several deaths. 

*
· Minor problems caused by jellyfish. Carybdea rastoni XE "Carybdea rastoni: ciguatera and other marine biotoxins, cnidaria"  (jimble) is a small jellyfish, measuring 2 cm in diameter and has 4 tentacles which may be 30 cm long. The species is widely distributed in warm seas. Stinging produces only moderate pain with local swelling and erythema. This may persist for several weeks. No deaths are known. Pelagia noctiluca XE "Pelagia noctiluca: ciguatera and other marine biotoxins, cnidaria"  (mauve stinger) is a many-coloured toadstool-shaped jellyfish, which measures 12 cm and is responsible for brief local skin irritation. After contact, often a luminous slime remains on the skin. There are no systemic symptoms. Aurelia aurita XE "Aurelia aurita: ciguatera and other marine biotoxins, cnidaria"  (moon jelly) is saucer-shaped with a typical figure 8 pattern on the upper side (reproductive structures). It has short tentacles. The creature measures up to 50 cm in diameter. Chrysaora hyoscella XE "Chrysaora hyoscella: ciguatera and other marine biotoxins, cnidaria"  is transparent whitish yellow. It is easily recognised due to the brown lines which stream out from the centre, which explains its common name, the compass jellyfish. It has a diameter of 25 cm. Cyanea sp. (sea blubber or hairy stingers) are widely distributed, even as far as the Arctic waters. They measure 30 cm (Cyanea lamarckii, XE "Cyanea lamarcki: ciguatera and other marine biotoxins, cnidaria"  Australasia) or larger, up to 2 metres (Atlantic specimens of Cyanea capillata XE "Cyanea capillata: ciguatera and other marine biotoxins, cnidaria" ). Due to its mass of tentacles the creature is also called lion’s mane jellyfish. The Atlantic species is a transparent bell with a reddish brown centre. In the Indopacific the creatures have a purplish pink body. The consequences of stinging include local pain, nausea and abdominal pain, sweating, muscle cramps and dyspnoea. No deaths due this species have been reported. Vinegar here causes stimulation of the nematocysts and must not be used. The same applies to Chrysaora species. It is better to use sodium bicarbonate solution or ammonia. In the absence of anything better, urine may be used, but how effective this is, remains an open question.

10 Other toxic marine fauna 

Not all lesions in divers are the result of jellyfish. Fire worms are infamous. The fire worm Eurythoe complanata is a reddish pink polychaete up to 9 cm in size which bears long thin spikes. These easily break off, can pierce gloves and cause severe skin irritation. The creatures can also bite. Fire sponges have a similar effect. Acanthaster planci XE "Acanthaster planci: ciguatera and other marine biotoxins, cnidaria" , the Crown-of-thorns starfish, carries huge spikes which can cause wounds. Many scorpion fish and stone fish (Synanceia sp.) are very well camouflaged on the seabed. If someone gets spines from the latter in their skin, the pain is unbearable. The systemic consequences are potentially lethal. Swift local application of heat (42-45°) can counteract the effect of the thermolabile poison. There is antivenom available inAustralia. On the Belgian and Dutch coast, near the shores of the Mediterranean Sea and the Black Sea there are weevers (including Trachinus draco XE "Trachinus draco: ciguatera and other marine biotoxins, cnidaria" ; the greater weever and Echiichthys vipera XE "Echiichthys vipera: ciguatera and other marine biotoxins, cnidaria" ). The greater weever measures 30-45 cm. In the summer it lives at a depth of 5 to 15 metres and usually lies buried in the sand during the day. The small weever measures 10-15 cm. It is not only bathers who are stung, but also fishermen who are hauling in their nets. These fish have several venomous dorsal spines which cause moderate to severe local pain (due to biogenic amines and dracotoxin). The venom contains heat-labile toxins. Local warming of the skin is indicated as First Aid. In the case of very severe pain local anaesthesia with lidocaine may be considered. Permanent stiffening of a finger is a long-term risk especially if there is a penetrating injury near a finger joint and when a part of a spine breaks off and remaines lodged as a foreign body. The sea-louse is a small marine crustacean belonging to the order of Isopoda, suborder of Cymothroidra. These creatures are often hidden on the sandy seabed on the coast. Water-skiers, divers and swimmers can be bitten by them which causes minor discomfort. 

11 Medical problems caused by sea urchins

Sea urchins belong to the Echinodermata. They enjoy a cosmopolitan distribution and are found in sea water. The creatures are chiefly active at night and during the day seek protection in crevices and hollows in coral reefs or stones. Yet many will be near the coast, where people bathe and unluckily may step on one of them. Humans can accidentally injure themselves on the spines. The spines are never perfectly smooth. They are of varying lengths. There are several varieties: long hollow spines, long solid spines and short pedicellaria. The latter are used to grip and they have a three-toothed claw at the end. The teeth of the pedicellaria are surrounded by venom glands which are covered by an epithelium. The larger spines may or may not have venom glands at their tips. All spines consist of a core of calcium carbonate. They can inflict mechanical damage and leave behind a foreign body when they snap off (e.g. Diadema setosum is a common problem species). They can also trigger a toxic reaction. The venom from the pedicellaria is a pink protein-containing fluid with thermolabile polypeptides between 20,000 and 78,000 Dalton. The venom also contains histamine. The effects of the venom are quite variable depending on the species. Many are minor, some have serious consequences. The venom may be haemolytic, cardiotoxic and/or neurotoxic. After an accidental prick there is a sudden burning pain which quite quickly becomes intense. The patient may become dizzy, exhibit general weakness and may or may not develop aphonia, sensory disturbances, respiratory depression or paralysis. The pain may persist for anything from several hours to months. Skin necrosis and eczema-like changes in the skin may occur. Small painless granulomatous lesions may be formed in the skin or even in the bone. If a spine comes into or near a joint, destructive synovitis with effusion can develop. Permanent stiffness of a small joint in the hand, for example, is a significant risk. Secondary bacterial infection with marine bacteria or with staphylococci may occur. Easily removable spines should be removed promptly. This should be done carefully, because they can easily break. The wound should be immersed for 30’ in hot water (not so hot, however, that the skin is scalded, but warm enough to destroy the thermolabile venom). Surgical removal of deep spine fragments is needed. MRI is superior to ordinary radiography to locate the fragments, although they are radio-opaque. Local steroid injections may be given in the case of synovitis. Antihistamines seem to be of little use. Systemic steroids generally produce very little improvement. 

12 Medical problems after skin contact with water 

· Aquagenic urticaria

· Leeches

· Contact dermatitis on diving material

· Dermatitis due to annelids, e.g. fireworms

· Dermatitis due to Bryozoa (Dogger’s bank dermatitis in fishermen)

· Dermatitis due to sponges

· Dermatitis due to seaweeds and cyanobacteria (Lyngbya majuscula XE "Lyngbya majuscula: ciguatera and other marine biotoxins, cnidaria" , Microcoleus sp. XE "Microcoleus sp. : ciguatera and other marine biotoxins, cnidaria" ) 
· Stinging by jellyfish 

· Sea bather’s eruption (planula larva dermatitis) due to contact with stinging larvae of certain sea anemones and/or jellyfish XE "Edwardsia leidyi: ciguatera and other marine biotoxins, cnidaria" . If a wet bathing suit is worn, the eruption is worse on the covered parts of the body (longer contact time).

· Infection with Erysipelothrix rhusiopathiae XE "Erysipelothrix rhusiopathiae: ciguatera and other marine biotoxins, cnidaria"  (Rosenbach’s erysipeloid). This is an acute infection of the skin caused by a Gram-positive rod-shaped bacterium. Fish (and also pigs) may be the source of the bacteria which enter the skin via prick or scrape wounds.

· Infection with leptospira (freshwater).

· Infection with Mycobacterium marinum, probably also Mycobacterium ulcerans.

· Infections with algae which contain no chlorophyll (protothecosis) 

· Infections with free-living amoebae such as Naegleria fowleri, Acanthamoeba sp., Balamuthia mandrillaris.

· Infections. In freshwater there is a risk of skin infection by Pseudomonas aeruginosa (whirlpool dermatitis), Aeromonas hydrophila and Chromobacterium violaceum. In sea water account must be taken of the possibility of wound infection by Vibrio vulnificus and Vibrio alginolyticus.

· Swimmer’s ear. This is an acute otitis externa, caused by moisture, warmth, local trauma and occlusion of the external auditory passage.

· Water pressure increases with depth, so that the deeper the dive, the more cavities containing air are compressed (middle ear, sinuses, lungs). When a diver comes back to the surface and takes no account of the expansion of the air in these cavities, barotraumata may occur. Alveoli may burst, resulting in pneumothorax and mediastinal or subcutaneous emphysema. Extreme toothache can occur if there is a small gas bubble below a filling. Barotrauma of the middle ear may occur faster than one might think, certainly if there is a malfunction of the Eustachian tube. Decompression sickness may occur due to the formation of nitrogen bubbles in the veins, resulting in diffuse gas embolism. This may result in diffuse muscle pain (the bends) and/or neurological complications. This is a risk for divers who come to the surface quickly, without taking sufficient time for decompression. Fast recompression in a pressure chamber is of great importance and intermittent pure oxygen is administered. It is not advisable to fly in the first 12 to 24 hours after a deep dive, especially if the pressure in the cabin of the aircraft is lower than normal atmospheric pressure (often 0.8-0.9 atmospheres). 

· Swimmer’s itch. Dermatitis due to skin penetration of cercariae or Schistosoma species (freshwater). Schistosomiasis (late stages) may result, depending on the species of Schistosoma and individual sensitivity.

· Trauma due to electrogenic fish (electric eel, electric ray), bites and/or stings, with or without venom. The sting ray can cause ugly wounds. In Belgium fishermen are sometimes pricked in the hand by the dorsal spikes of the weever (Trachinus draco), sometimes with permanent stiffening of the small joints of the hand. Broken off spikes should be removed. Several species of sharks can injure and even kill humans. Tiger sharks, hammerhead sharks and the great white are notorious, although it should be stated that 50 times more people die each year of lightning strikes than of shark attacks.

· The candiru (Vandellia cirrhosa) is a small live parasitic, semitransparent freshwater fish, not larger than a toothpick. The creature belongs to the catfish. It occurs in the Orinoco and Amazon basins. It usually penetrates the gills of other fish and adheres by extending its spines. In humans it may swim up the urethra. If it unfolds its spines there, it is very difficult to remove. In view of the unusual location and miserable symptoms, the creature has acquired a somewhat mythical aura.

· Poisoning by toxins from cyanobacteria (Microcystis aerugonisa, Anabaena spiroides, Anabaena flos-aqua). Microcystines are powerful hepatotoxins. 

13 Piranhas

Piranhas are non-poisonous freshwater fish belonging to the genus Serrasalmus. The body is compressed sideways. They have heavy jaws and long pointed teeth. These predatory fish occur in certain rivers in South America. They feed on fish, chiefly sick and wounded animals, including their own species. They play an important part in the maintenance of a healthy fish population. Of the 18 species three are potentially dangerous to humans: S. piraya XE "Serrasalmus piraya: ciguatera and other marine biotoxins, piranhas"  (river basin of the Rio San Francisco), S. ternetz XE "Serrasalmus ternetz: ciguatera and other marine biotoxins, piranhas" i (Rio Paraguay) and S. natterer XE "Serrasalmus natterer: ciguatera and other marine biotoxins, piranhas" i (Amazon). These species may be dangerous if they are enclosed in a small part of the river, so that they are short of food. Attracted by the smell of blood in the water, they may then be overtaken by a kind of madness, in which a large prey is attacked and eaten (feeding frenzy). 

