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ABSTRACT

Certain blooms of unicellular microscopic algae that change the colour of the
seawater to a reddish tone are called red tides. Hundred kilometres of the sea seem
blood during a red tide. In some cases the microalgal species of red tides produce
toxins or/and anoxic conditions, causing massive mortalities of marine animals.
The proliferation of toxic algae is denominated harmful algal blooms (HAB). The
majority of the toxic and red tide species are dinoflagellates, which present
fascinating nuclear features (permanently condensed chromosomes organized in
stacked rows of parallel nested arches without histones). Considerable time and
effort are required to identify a HABs species under light microscopy in monitoring
programs. Nowadays, the use of alternative molecular probes (antibodies, lectins,
DNA probes) that bind target harmful algae is an increasing procedure in
monitoring programs.
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Toxins produced by harmful species are transferred to food chain and cause
numerous human intoxications with different clinical profile such as ciguatera fish
poisoning (CFP), paralytic shellfish poisoning (PSP), neurotoxic shellfish poisoning
(NSP), diarrhetic shellfish poisoning (DSP), and amnesic shellfish poisoning (ASP).
DSP is perhaps the main public health (and economic) problem in Spain and
Europe 1.

The principal measures to avoid DSP outbreaks are the monitoring of shellfish
harvesting areas and toxin analysis. European legislation allows up to 0,16 μg of
DSP toxins per gram of meat.

Nowadays, the debate raised by DSP is only as a toxin causing diarrhoea.
However, we think that the residual levels of DSP toxins ingested through shellfish
consumption could contribute to increase colorectal cancer incidence (CRC). An
epidemiological study to correlate dietary customs and tumour incidence shows a
statistically significant correlation (p < 0.001) between consumption of molluscs
and the incidence of colorectal cancer (coefficient determination = 0.50). An
increase of 7 times in shellfish consumption produced duplication in the risk ratio
of CRC in the Spanish population. Further analysis is necessary to conclusive
association between shellfish consumption and CRC. In a context of global change
that favours blooms of toxic microalgae a good approach for public health would
be to change legislation to reduce the presence of residual levels of DSP toxins OA
in shellfish. This point of view produces a conflict between the economic interests
of the sector and public health.

Keywords: HABs.—DSP.—Cancer risks.—Dinoflagellates.—Marine toxins.

RESUMEN

Proliferaciones algales tóxicas, mareas rojas y salud: envenenamiento
diarreico por moluscos y cáncer colorrectal

Las grandes proliferaciones de microalgas unicelulares se denominan mareas
rojas cuando cambian el color del agua del mar. Algunas de estas especies fito-
planctónicas producen potentes toxinas y/o condiciones ambientales anóxicas que
son capaces de provocar mortandades masivas de animales marinos. Los episodios
de proliferaciones de microalgas tóxicas se conocen en el mundo entero como
«harmful algal bloom» (HAB).

La mayoría de las especies tóxicas y formadoras de mareas rojas forman parte
del grupo de los dinoflagelados, los cuales presentan unas características nucleares
fascinantes (cromosomas permanentemente condensados organizados en hileras
amontonadas de arcos unidos en paralelo sin histonas). Se requiere un tiempo y
un esfuerzo considerable para identificar las especies de algas peligrosas bajo el
microscopio en los programas de monitorización. Por eso, en la actualidad, se está
incrementando el uso de sondas moleculares (anticuerpos, lectinas, DNA) que
marcan específicamente las células tóxicas diana de manera más eficaz.
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Estos organismos son el inicio de la cadena trófica en el mar, por tanto las
toxinas producidas por las especies tóxicas son transferidas a la cadena alimenticia
y causan numerosas intoxicaciones en seres humanos con diferentes perfiles clíni-
cos como el envenenamiento por ciguatera (CFP), envenenamiento paralizante
(PSP), envenenamiento neurotóxico (NSP), envenenamiento diarreico y envene-
namiento amnésico (ASP). El DSP constituye quizá el principal problema de salud
pública (y económico) en España. Las principales medidas para evitar proliferacio-
nes de DSP son la monitorización de las áreas de producción de moluscos y el
análisis de la toxina. La legislación europea permite 0,16 μg de toxina DSP por
gramo de carne.

Hoy en día el debate que se plantea es que el DSP es solamente una causa de
diarrea. Sin embargo, nosotros pensamos que los niveles «legales» de toxinas DSP
ingeridas al consumir moluscos pueden contribuir al incremento de la incidencia
de cáncer colorectal (CRC). El estudio epidemiológico para correlacionar las cos-
tumbres dietéticas y la incidencia de tumores, muestra una correlación estadísti-
camente significativa (p < 0,001) entre el consumo de moluscos y la incidencia de
cáncer colorrectal (coeficiente de determinación = 0,50). Un incremento de siete
veces el consumo de moluscos duplicará el riesgo de sufrir CRC en la población
española. Es necesario realizar más estudios para asegurar de forma concluyente
la relación entre el consumo de moluscos y el CRC. En un contexto de cambio
global que favorece las proliferaciones de microalgas tóxicas, deberíamos reducir
a cero los niveles residuales de toxinas DSP en moluscos. Este punto de vista da
lugar a un conflicto entre los intereses económicos del sector y la sanidad de los
alimentos.

Palabras clave: HABs.—DSP.—Riesgo de cáncer.—Dinoflagelados.—Toxinas
marinas.

A BIBLICAL PLAGUE

«…all the waters that were in the river
were turned to blood, and the fish that were
in the river died…» (Exodus 7:20)

This biblical reference is believed to be the first written mention
to a harmful algal bloom (HAB), which occurred about 3300 years
ago in the Nile estuary. Certain blooms of unicellular microscopic
algae are called «red tides» when planktonic microalgae grow in
such abundance (up to millions per liter) that they change the colour
of the seawater to a reddish tone. Red tides are extraordinary events.
As bible describes, hundred kilometers of the sea seem blood during
a red tide.
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In some cases the microalgal species of red tides produce toxins
that are deleterious to fauna. In other cases algal cells become so
dense during the red tides that they produce anoxic conditions. As
result red tides usually cause the death of thousands of marine
animals (invertebrates, fishes, birds…), including vertebrates as big
as monk seals and humpback whales (1-3).

Ancient proverbs and oral traditions of seaside peoples prevent
against red tides and HABs effects. As an example, a popular
tradition in NW of Spain warns people against eating mussels
towards the end of the summer. Thousands cases of human
poisoning by microalgal toxins (usually from shellfish consumption)
are reported each year in the first world (4-5). But only recently we
commence to understand how HABs, red tides, the marine ecosystem
integrity, global change and human health are intimately linked.

MICROALGAE, HABS, AND RED TIDES

Marine unicellular microscopic algae generate 40% of primary
production on the Earth (6-7). They form part of marine food chain
and make higher life possible in oceans and shores, and allow human
fisheries and aquaculture. Of the thousands of marine microalgae
species (≈ 70000) that occurs in the sea, only a small number are
harmful (8). Around a dozen produce red tides, and only 40 are
known to be toxic (9). Not all red tides are toxic, and not all toxic
microalgae produce red tides. When these species proliferate, they
can cause massive mortality among marine organisms (Figure 1),
damage marine cultures, fisheries, and human health (9-10). The
proliferation of toxic algae is denominated harmful algal blooms
(HAB). HAB may generate high densities of toxic population, but
low dense population (200 cells/l or less) of some toxic species can
be enough to cause poisoning (11).

DINOFLAGELLATES

The majority of the toxic and red tide species are dinoflagellates
(9). Dinoflagellates comprise a widely diversified group of unicellular
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protists (≈ 4000 species), which exhibit a great diversity in size (from
a few µm to 2 mm), form and lifestyle (Figure 1). Ninety percent of
all dinoflagellates are marine plankton, and the rest are benthic,
freshwater or parasitic species. About half the species are free-
life photosynthetic organisms, and the others are heterotrophic
predators on bacteria, microalgae, other protists (including other
dinoflagellates), fish eggs, saprophytes, take up residence within other
organisms as symbiotic partners, and even parasites. Dinoflagellate
biology is reviewed in detail in Lee (12) and Graham and Wilcox (7).

Dinoflagellates also present fascinating nuclear features that have
intrigued researchers for many years (13-14). As examples, a dense
nuclear matrix accommodates permanently condensed chromosomes
that are composed by fibbers organized without histones and
nucleosomes in stacked rows of parallel nested arches (Figure 2).
The macromolecular chromosome structure corresponds to
cholesteric liquid crystals with a constant left-handed twist. RNA is
determinant to maintain the chromosome structure. Whole mounted

FIGURE 1. Red tide and red tide-producing species. a) red tide producing
dinoflagellate (Noctiluca); b) PSP tide producing dinoflagellate (Gymnodinium);

c) DSP producing dinoflagellae (Prorocentrum).
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chromosomes have a left-handed screw-like configuration, with coils,
which progressively increase their pitch. Dividing chromosomes
remain highly condensed. The nuclear envelope remains through the
cell cycle showing spindle fibbers, which penetrate intranuclear
cytoplasmic channels during mitosis constituting an extra nuclear
spindle.

FIGURE 2. Electron microscopy of dinoflagellate Prorocentrum lima.
a) Section of Prorocentrum: nucleus with cromosomes; b) permanently condensed
chromosomes anchored in nuclear membrane; c) chromatin organization in arcs

without histones.

These and other cytogenetic features suggest that dinoflagellates
are a group of enigmatic protists, unique and different from the
usual eukaryotes. In contrast, DNA sequence studies propose that
dinoflagellates are true eukaryotes, closely related to apicomplexa,
and ciliates (Alveolata) (15), suggesting that the unusual features of
chromosome and nuclear organization are not primitive but derived
characters. Nevertheless, dinoflagellates have reached enigmatic
specific nuclear and chromosome solutions, extremely far from those
of other living beings.

TOXINS

There are human intoxications with different clinical profile
caused by marine species (fish and shellfish) consuming toxic algae:
ciguatera fish poisoning (CFP), paralytic shellfish poisoning (PSP),
neurotoxic shellfish poisoning (NSP), diarrhetic shellfish poisoning



VOL. 72 (3), 391-408, 2006 HARMFUL ALGAL BLOOMS, RED TIDES AND HUMAN...

397

(DSP), and amnesic shellfish poisoning (ASP). Toxins produced by
harmful species are transferred to food chain throughout filtering
organism and can remain active within them for long time. Briefly,
the causative toxin responsible of PSP is saxitoxins (SXTs) and is
produced by dinoflagellates Alexandrium spp., Gymnodinium
catenatum, and Pyrodinium bahamense. These toxins can be divided
in two groups: SXTs 5-18 and neosaxitoxins 19-27. STXs are specific
and potent agents that block the sodium channels in neuronal and
muscular tissue, which prevents propagation of the action potential.
The clinical profile is mainly neurological and their onset is rapid
(within 30 minutes), there is a tingling or numbness around the lips,
in the face and neck, a prickly sensation in the fingertips, headache,
fever, nausea, vomiting and diarrhoea. The most severe cases result
in respiratory arrest within 24 h of consumption of the toxic shellfish
(mussels, oysters, scallops, clams). There is no antidote at the
moment, only supportive therapy.

The intoxication caused by domoic acid and its congeners
denominated ASP is produced by diatoms Pseudonitzschia pungens f.
multiseries, P. australis, P. pseudodelicatissima, P. seriata, Nitzschia
actydrophila, Amphora coffeiformis. The toxin, an excitatory amino
acid, acts as an agonist to glutamate receptor (16), which conducts
Na+ ion channels inducing depolarisation increasing the Ca+ ion
permeability, which leads to cell death. Symptoms include
gastroenteritis (within 24 h of the consumption of toxic shellfish)
and in severe cases, neurological symptoms also appear, usually
within 48 h. Dizziness, headache, disorientation, short-term memory
loss, respiratory difficulty and coma are also observed (17).

Ciguatoxins (CTXs) and Maitotoxin (MTX) are the agents
responsible for the CFP. The main causative organism is
Gambierdiscus toxicus, an epiphytic dinoflagellate that produce a
group of lipid-soluble toxins (polycyclic ethers) CTXs 28-37 and
gambierol 38 (18). CFP affects more than 50,000 people annually,
caused by ingestion of coral reef fishes. Ciguatoxins are potent
neurotoxins, which act by binding quasi-irreversibly to site 5 on
sodium channels, a site overlapping the brevetoxin binding site (19),
causing them to open and modifying the sodium current. Several
effects are consequently observed at motor nerve terminals (20).
Ciguatera fish poisoning (CFP) produces gastrointestinal,
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neurological and cardiovascular disorders. The gastrointestinal
symptoms are diarrhoea, vomiting and abdominal pain occur,
followed by neurological dysfunction including muscular aches,
reversal of temperature sensation, dizziness, anxiety and a numbness
and tingling of the mouth and digits. In the most severe cases,
paralysis and death have been reported. The symptoms appear within
2 to 6 h, and the complete syndrome develops within 24 h and lasts
around one week, but it may persist for weeks or months. Recovery
time is variable, weeks, months or years. Rapid treatment (within
24 h) with mannitol and calcium is reported to relieve some
symptoms (21). Prevention of intoxication depends on complete
abstinence from eating any tropical reef fish.

NSP toxins are polycyclic ethers denominated brevetoxins (BTXs).
The primary producer is a dinoflagellate Gymnodinidium breve,
which causes mass mortality of fish. Pharmacological studies have
revealed that BTXs produce their damaging effects by acting on site
5 of voltage-sensitive sodium channels (22). NSP produces an
intoxication syndrome nearly identical with that of ciguatera. In this
syndrome, gastrointestinal and neurological symptoms predominate.
The recovery is generally complete in a few days. In addition,
formation of toxic aerosols by wave action during an algal bloom
can produce respiratory asthma-like symptoms. No deaths have been
reported and the syndrome is less severe than ciguatera.

However, in Spain Diarrethic Shellfish Poisoning (DSP) is
perhaps the main problem at both public health and economic levels.

HABS AND DIARRHETIC SHELLFISH POISONING (DSP)
SYNDROME

Diarrethic Shellfish Poisoning (DSP) is a human syndrome that
is produced by the consumption of shellfish that feed DSP toxic-
producing dinoflagellates (Dinophysis spp., Prorocentrum lima, P.
maculosum, Protoceratium reticulatum). The first reported cases of
DSP were in the Netherlands in the 1960s. In Spain the first toxic
outbreak of DSP was registered in August 1978 in the Ría of Ares (La
Coruña, NW Spain) (4). Repeated outbreaks of DSP are detected
worldwide (23-25). During the last decades, it has been observed a
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high percentage of DSP toxins present in some seafood products (25-
26). Ingestion of contaminated shellfish or fish results in a wide
variety of human symptoms, depending upon the toxins present,
their concentrations and the amount of contaminated shellfish
consumed. Diagnosis is based on observed symptomatology and
recent dietary history. The principal target for the effects of the DSP
toxins is the gastro-intestinal tract and the clinical profile of DSP is
characterised by nausea, vomiting, diarrhoea, abdominal pain,
shivering, headaches and fever. Depending on the dose of toxin
ingested, the onset may vary from 30 minutes to 12 hours after
ingestion. Complete recovery is even in severe cases 2-3 days with or
without medical treatment (23, 27).

The DSP toxins comprise a group of high molecular weight
polyethers (Okadaic acid and dinophysistoxins, pectenotoxins,
yessotoxins, and azaspiracids) (28). The main toxin responsible of
DSP is okadaic acid (OA), a cyclic C38 polyether fatty that is
concentrated by shellfish in their digestive glands (29-30). Detection
of DSP toxins is performed by HPLC or mouse bioassay,
concentration is expressed in okadaic acid equivalents (μg OA/g
meat).

MONITORING, REGULATION AND PREVENTION
OF DSP TOXINS

Shellfish is one of the main commercial productions in
aquaculture industry. Shellfish associated with human outbreaks of
DSP are mainly mussels, oysters, clams and scallops (26, 31).
European legislation allows up to 0,16 μg Okadaic acid equivalent
per gram of meat (Decision 2002/225/CE) (28).

The principal measures to avoid DSP outbreaks are the
monitoring of shellfish harvesting areas and analysis for toxins. A
major constraint to monitoring programs for HABs and marine
biotoxins is the need to identify the microalgal species responsible
for toxicity. The identification and enumeration of cells of potentially
dangerous species within a mixed plankton assemblage is a serious
problem. If the toxic alga is unknown, a lot of work is necessary to
see whether toxin presence and algal occurrence are related. In
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addition, some species are so toxic that they can produce serious
problems occurring at such a low density that they are virtually
invisible to cell counts in monitoring programs. Considerable time
and effort are required to identify a particular species especially
when its distinguishing characteristics are difficult to discern under
light microscopy (5).

Invariably, microalgae maintain a fixed morphology, whilst
accumulating genetic variability within them. Hence, while great
effort is required to identify and counting toxin-producing
microalgae using microscopy, misidentification may appear if
morphology is the unique criterion for the identification of toxin
producing species. A working alternative is the use of molecular
probes that can bind species-specific sites on target harmful algae,
to be visualized using flow-cytometry, spectrofluorometry, or
epifluorescence microscopy. The use of immunological (32-33),
lectin-based (34-35) and DNA based probes (36) for harmful algal
species identification is increasing in monitoring programs. These
cellular and molecular probes allow a precise identification that is
impossible using classic microscopic identification. As an example
of misidentification, the red tide non-toxic dinoflagellate Gyrodinium
impudicum was continuously confused with the PSP toxin-producing
dinoflagellate Gymnodinium catenatum. G. impudicum is so
morphologically similar to G. catenatum that both species cannot be
distinguished in formalin fixed samples. However, both species can
be easily differentiated using the WGA lectin, which specifically binds
to G. catenatum. Misidentification during decades between these
species originated enormous economic looses when shellfish yield
was forbidden after detect the innocuous species G. impudicum in
water samples (5).

Shellfish yield is forbidden when the toxins exceed the prescribed
limits providing a margin of safety to prevent contaminated shellfish
reach the market. In spite of regulation on DSP toxins are usually
taking into account, repeatedly outbreaks of DSP provoked by
ingestion of mussels have been reported in European countries (24,
37). Even recently, shellfish contained more than 0,16 μg/g of okadaic
acid have been detected in UE markets (25-26, 38). In addition, DSP
outbreaks are probably undervalued because DSP is a self-limited
and mild disease, and the most patients with DSP are detected when
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suffering the symptoms and not through a screening (37). No human
mortalities to date have been reported from any cases of DSP
poisoning, although there has been considerable morbidity resulting
in hospitalisation (39).

OA AND CANCER

Cancer is an important problem in public health worldwide.
Colorectal cancer (CRC) is the second most frequent cause of death
from cancer in the more developed regions of the world (40). While
CRC mortality declined several years ago in most countries in the
European (from 1950 to 1990’s), mortality rates continues to increase
for Spain (41). Spain has experienced a mean yearly increase higher
in men (2.6%) than women (0,8%) since 1975, although there is a
tendency towards stabilization (42).

A considerable number of environmental influences (mainly
dietary factors) may play an important role in the development of
CRC (41,43-46). In addition to that, hereditary factors have been
observed in the aetiology of CRC (47).

OA can be a cancer-promoter. Numerous studies show that OK
induces morphological transformation of cells (48-49), and
micronucleus promoting (50). OA induce mutations and gene
deregulation at low concentrations (51). OA also has growth-
promoting effects on human cells (52-53). In addition, OA has been
reported to be a tumor promoter of cancer in animal models, mainly
related to skin, stomach and colon cancer (23, 54).

However, scarce works notice on real health-risk of consuming
DSP toxins (39). The DSP syndrome is most prevalent in Europe,
Japan and Chile, where aquaculture are extensively carried out (55).
The regular shellfish consumers are exposed to continuous uptake of
sub-acute levels of DSP toxins.

A HYPOTHESIS: OA AND COLORECTAL CANCER?

Several epidemiological studies associate CRC and dietary
practices (47, 56-57). We propose that the residual levels of DSP
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toxins ingested through shellfish consumption could contribute to
increase CRC incidence.

To support our hypothesis (a shellfish consumers have a
statistically significant higher risk to suffer colorectal cancer than a
no-shellfish consumers), we have performed an epidemiological
study to correlate dietary customs and tumour incidence. The data
of epidemiological study were obtained from the latest available
survey (1991) on habitual diet reflected into National Survey on
Nutrition and Food (Encuesta Nacional de Nutrición y Alimentación-
ENNA-91). The tumours incidence (rate of incidence in hospital
admissions in cases per 100,000 population) was obtained from the
Hospital Morbidity Survey (Encuesta de Morbilidad Hospitalaria) of
2003 (EMH - 03). The selected exposure variables were the
consumption of fresh bivalve molluscs (mussels, clams, cockles) as
the problem variable, and other food (bread, meat and meat
products, fish, fresh fruit, olive oil, milk and dairy products) as
control variables. The minimum of total admissions (CMBD) was
coded in accordance with the International Classification of Diseases.
We calculated regression, determination coefficients, confidence
interval and others using Epi-Info, version 6.04 (58).

The output on epidemiological study (Figure 3) has established a
statistically significant correlation (p < 0.001) between consumption
of molluscs and the incidence of colorectal cancer (coefficient
determination = 0.50). A correlation between the consumption
of molluscs and the total incidence of tumours was also observed
(Table 1). The consumption of other food was not associated with
colorectal cancer (with the exception of total meat consumption,
which is a known risk factor for this disease). An association between
shellfish consumption and meat consumption was also observed
(r2 = 0.39; p < 0.01). In the Spanish population, an increase of 7
times in shellfish consumption produces duplication in the risk ratio
of CRC (Table 2).
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FIGURE 3. Correlation (p < 0.001) between comsumption of molluscs and the
incidence of colorectal cancer.

TABLE 1. Values of determination coefficients and confidence interval for each of
the food items

Total tumours Colorectal cancer

Upper
R2 Upper P Upper

R2 Upper P
limits limits limits limits

Shellfish –0,02 0,45 0,76 <0,01 –0,04 0,50 0,78 <0,01

Bread –0,68 0 0,68 >0,05 –0,46 0,01 0,47 >0,05

Fish –0,67 0,02 0,69 >0,05 –0,68 0,01 0,69 >0,05

Fruit –0,38 0,11 0,55 >0,05 –0,28 0,22 0,62 >0,05

Oil Olive –0,45 0,02 0,48 >0,05 –0,44 0,03 0,49 >0,05

Milk –0,38 0,1 0,54 >0,05 –0,36 0,13 0,56 >0,05

Meat –0,12 0,36 0,71 >0,05 –0,05 0,51 0,79 <0,01
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TABLE 2. Relative risk of colorectal cancer with increase of relative shellfish
consumption in Spain

Spanish Comunidad Relative Risk Relative Risk
Autonoma Consumption colorectal cancer

CANARIAS 1,7 1,7

ASTURIAS 6,7 2,7

MADRID 6,6 1,8

Further analysis is necessary to conclusive association between
shellfish consumption and CRC. In this sense, we are working in
animal models and other epidemiological models. Nowadays, the
debate raised by OA is only as a toxin causing diarrhoea. This study
provides evidence that the hypothesis of the relation between OA
and colon cancer should begin to be taken into consideration.
Unfortunately, this point of view produces a conflict between the
economic interests of the sector and public health. In a context of
global change and coastal eutrophication that favours blooms of
toxic microalgae a good approach for public health would be to
change legislation to reduce the presence of OA in shellfish to zero.
Although cost-benefit studies may throw light on the problem in the
future, we believe that in a controversial situation such as this it
would be well to remember the Hippocratic dictum of «primum non
nocere».
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