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ABSTRACT: Blooms of the cyanobacterium Trichodesmium occur in massive 
colored patches over large areas of tropical and subtropical oceans. Recently, the 
interest in such events has increased given their role in major nitrogen and carbon 
dioxide oceanic fluxes. Trichodesmium occurs all along the Brazilian coast and 
patches frequently migrate towards the coast. In this paper we screen the toxicity and 
toxin content of Trichodesmium blooms off the coast of Bahia state. Four samples, 
collected from February to April 2007, were analyzed. Organisms were identified and 
assessed for toxicity by means of several methods. Analogues of microcystins, 
cylindrospermopsins and saxitoxins were analyzed using HPLC. Microcystins were 
also assayed through ELISA. Results showed dominance of T. erythraeum, which 
makes up as much as 99% of cell counts. Other organisms found in smaller 
quantities include the dinoflagellates Prorocentrum minimum and P. rhathymum. 
Extracts from all samples delayed or interrupted sea urchin larval development, but 
presented no acute toxicity during a mouse bioassay. Saxitoxin congeners and 
microcystins were present at low concentrations in all samples, occurrences that had 
not previously been reported in the literature. Despite our finding of saxitoxin 
analogues and microcystins in Trichodesmium blooms, these toxins do not represent 
a potential harm to human health by primary contact. We conclude, based on our 
results and those reported in the recent literature, which differ from results published 
in 1963, that although toxins are present, there is no evidence that T. erythraeum 
blooms represent a threat to humans. 
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INTRODUCTION 

The genus of the cyanobacterium Trichodesmium (T. erithraeum Ehrenberg ex 

Gomont) was first found by Ehrenberg (1830) in the Red Sea. Since then, several 

species – including T. erythraeum Ehrenberg, T. thiebautii Gomont ex Gomont, T. 

contortum (Wille) Wille, T. radians (Wille) Golubić and T. hildebrantii Gomont – have 

been identified (1). Trichodesmium form blooms that can occur in a large area 

covering the tropical and subtropical regions of the Atlantic, Pacific and Indian 

oceans as well as the China and Caribbean Seas. The genus is generally 

characterized by cylindrical trichomes and forms colonies with varied morphology (2). 

Lately, the interest in Trichodesmium blooms has increased due to their biological 

and ecological characteristics that include fixation of atmospheric nitrogen and 

carbon dioxide (3). Diazotrophic cells do not show differentiated structures like other 

cyanobacteria and, as they usually occur in oligotrophic waters, their impact on 

global fluxes of nitrogen and carbon as well as on organic matter production are of 

great interest.  

Usually, species of Trichodesmium are found in the most stable surface layers, and 

within the mixed layer down to 100 meters depth. During the blooms, conspicuous 

extensive patches can be seen even from space by satellites (3). This pattern is 

possibly due to the presence of gas vacuoles that provide positive flotation and 

accessory pigments, permitting Trichodesmium to resist high levels of radiation 

exposure. The colors of the patches change according to the cell’s physiological 

state, and can be greenish, brownish, whitish, yellowish or reddish (4, 5). The 

structure of the plankton community is affected by Trichodesmium due to the 

production of toxins that can act allopathically against grazers (6). 

Trichodesmium is found along most of the Brazilian coast and is associated with the 

Brazilian Current. It occurs along the coast of Rio Grande do Sul, Santa Catarina (4), 

Paraná (7, 8) and São Paulo (9-11). The study by Satô, Paranaguá and Eskinazi (5) 

is one of the most frequently cited papers on this topic and reports blooms off the 

coastal area of Recife, in northeastern Brazil. The authors associate the illness of 

beach users, known as Tamandaré’s fever or “tinguí”, with the occurrence of T. 

erythraeum blooms (5). Along the coast of Santa Catarina state, Trichodesmium 

blooms are generally found from November through April and are associated with 

calm periods and low nitrogen-to-phosphorous ratios (7, 4). The patches can be as 

large as 100 km in length, as reported in February of 2000 when they were located 
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about 80 km off the coast of São Paulo (8). Despite their widespread occurrence, no 

other publications have connected T. erythraeum blooms to human illness, except for 

the study published by Satô, Paranaguá and Eskinazi (5). However, it is currently 

reported as a potentially harmful species. 

This paper aims to investigate the occurrence of Trichodesmium blooms in Camamu 

bay in the coast of Bahia, northeast Brazil, and to characterize their toxicity and 

potential harmful effects. 

 

MATERIALS AND METHODS 
Four samples were collected from four different patches of Trichodesmium ssp. 

blooms near the coastal platform off Camamu-Almada, in the Boipeba Island and 

Maraú peninsula on the coast of Bahia state (Figure 1). The samples were collected 

on 02/01/2007 (#1; 13°78´33´ W, 38°90´50´ S); 02/08/2007 (#2; 13°75´27´ W, 

38°90´85´ S); 04/05/2007 (#3; 13°78´72´ W, 38°91´64´ S) and 04/07/2007 (#4; 

13°75´99´ W, 38°86´50´ S) and then fixed in a 2% formalin solution to permit the 

identification and counting of phytoplankton. The scum was concentrated on a piece 

of filter paper and frozen at –18°C for toxin analysis and toxicity assays.  

 

 
Figure 1. Camamu-Almada region off Bahia state, in northeastern Brazil, including 

areas of sample collections. 
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Samples fixed in formalin were observed through a binocular microscope for species 

identification. Trichodesmium cell counts were calculated by determining the average 

number of cells per trichome (30 trichomes per sample) in a 1 mL Sedgwick-Rafter 

and expressing the final cell counts as cell/L. The other organisms were counted in 

an IX 50 inverted microscope (Olympus, Japan) using Utermhöll 3 mL settling 

chambers at respective magnifications of 200 and 400x (12). All organisms were 

identified to the most precise taxonomic level possible (2, 13-15). 

The presence of phycotoxins was investigated by high performance liquid 

chromatography (HPLC) and bioassays. Each sample was initially weighed (wet 

weight) and then dried at 40°C for 24 hours in an oven and subsequently reweighed 

(dry weight). The dried samples were extracted into 3 to 5 mL volumes of 80% 

methanol. A 500 µL subsample was saved for HPLC analysis as described 

subsequently. Before the assays, the extracts were clarified in fiberglass filters and 

dried in a rotoevaporator to eliminate the methanol. Again, a subsample was 

preserved for the sea urchin test and the remainder partitioned with ethyl acetate. 

The two phases were dried and assayed by means of a mouse bioassay.  

For the sea urchin larval assay, to test its activity, 10 mL of the extract was put into 

15-mL flasks, after correcting the salinity to 30%. In each flask, 200 µL of fertilized 

egg suspension, containing a minimum of 300 eggs, was added. Eggs and sperm  of 

Lytechinus variegatus Lamarck had been obtained by previous spawning induction 

with injections of KCl 0.1 M. The test was carried out for 24 hours at controlled 

temperature (25°C) and illumination (12:12 light and dark cycle) (16). The test ended 

with the addition of formalin solution (4%). Six dilutions of the initial extract from the 

dried material were tested (100, 50, 25, 12.5, 6.1 and 3.7%) and compared with the 

control containing marine water. 

The mouse bioassays were based on Harada et al. (17) and consisted of the 

intraperitoneal inoculation of 1 mL of both hydrophilic and lipophilic phases of the 

extract. Three Swiss mice, weighing between 17 and 20 grams were used, and 

tested for 24 hours with water and food ad libidum. The extracts had been diluted to 

obtain a salinity of 0.9%. The injected dose was based on the toxicity scale for 

cyanobacteria, as follows: more than 1,000 mg/kg → non-toxic; 1,000 to 500 mg/kg 

→ low toxicity; 500 to 100 mg/kg → high toxicity (18). ELISA assays for microcystin 

were performed only on the sample collected on 04/07/2007 using a microcystin 

plate ELISA kit (Beacon Analytical Systems Inc., USA). 
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HPLC analysis of saxitoxin and congeners, microcystins and cylindrospermopsin 

were carried out on the initial 80% methanolic extract using a HPLC system 

(Shimadzu, Japan) as described below. Saxitoxin and congeners were analyzed 

according to the post-column derivatization method (19). The chromatography was 

conducted at 30°C on a Luna® 4.6 x 250 mm column (Phenomenex, USA) filled with 

5 µm C8 particles. After the chromatography, the column eluents were derivatized 

with buffered 50 nM periodic acid and stabilized with acetic acid using a two-piston 

LC 10®   pump (Shimadzu, Japan). The peaks were detected on a RF 10Alx® 

fluorometer (Shimadzu, Japan). Two runs with different mobile phases were 

performed for each sample to separately determine gonyautoxins (GTX1-GTX4), 

decarbamoyl gonyautoxins (dcGTX2, dcGTX3) and saxitoxin (STX), neosaxitoxin 

(neoSTX) and decarbomoyl neosaxitoxin (dcSTX). The system was calibrated with a 

standard purchased from the National Research Council, Canada.  

HPLC analysis of cylindrospermopsin was carried out according to methods 

described by Li et al. (20), using a Lichrosphere RP 18® (Merck , Germany) (5 μm) 

(125 x 4.6 mm) column whereas detection was conducted by means of a diode array  

SPD M10A® (Shimadzu, Japan). The process was calibrated with pure 

cylindrospermopsin acquired from CyanoHAB, USA. The same column and 

equipment were employed to investigate microcystin. The system was calibrated with 

pure microcystin-LR (Sigma Chemical Co., USA). The four standards (Dleu-LR-Mic, 

LY, LW and LF) were kindly provided by Dr. Yunes from the Federal University of Rio 

Grande, FURG. 

 

RESULTS AND DISCUSSION 
The microscopic analysis in all samples confirmed that the blooming organism, 

forming the patches, was the cyanobacterium T. erythraeum, with cell counts as high 

as 577.20 x 106 cell/L (found in sample #2 from 02/08/2007). The conspicuous 

brownish patches presented different shapes and sizes, ranging from a few meters to 

several kilometers. The lowest count, 8.32 x 106 cell/L, was found in sample #4 from 

04/07/2007. The solitary or colony-forming parallel straight T. erythraeum trichomes, 

with an attenuated end cell, presented cells measuring from 7.5 to 15 µm in width 

and 5 µm in height. The trichome length ranged from 246 to 417 µm with a cell 

number ranging from 49 to 83. The number of trichomes per colony varied from 29 to 

44 (Figure 2).  
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Figure 2. Trichodesmium erythraeum, from sample #2, showing (a) parallel 

trichomes and, in detail, (b) showing the caliptra (arrow). 

 

Despite the presence of other organisms – which included diatoms; dinoflagellates 

such as Prorocentrum rhathymum Loeblich, Shirley & Schmidt and P. minimum 

(Pavillard) Schiller; tintinids (samples #1, 3, 4) and copepods (#2) – their numbers 

were very low when compared to Trichodesmium (Table 1).  

 
Table 1. List of phytoplankton taxa and their abundances in the four samples 

analyzed from the Camamu-Almada region 
 Samples 

Phytoplankton taxa 1 2 3 4 

Cyanophyta     

Trichodesmium erythraeum (x 106) 11.24 577.20 19.00 8.32

Bacillariophyta   

Hemiaulus hauckii   3700

Mastogloia minuta   10764

Navicula sp.   26572

Nitzschia sp. 333 1333  221662

Plagiotropis sp.   12109

Pseudo-nitzschia sp.   5382

Thalassionema sp. 333   12109

Gomphonema sp.  333 

Dinophyta   

Prorocentrum minimum  3333 

Prorocentrum rhathymum 333 4667  

Total (x 106) 11.24 577.21 19.03 8.61
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Extracts from all samples showed antimitotic activity observed in sea urchin larvae, 

even with the more diluted extracts. These results agree with previous studies that 

found the presence of substances toxic to invertebrates in extracts of T. erythaeum 

from the São Paulo coast (10). Guo and Tester (6) showed that while intact, cells 

were not toxic to the copepod Acartia tonsa Dana, but their hydrosoluble extracts 

revealed toxicity, indicating the presence of endotoxins that may be released into the 

water. Hawser et al. (21) found substances that were only toxic to microcrustaceans 

in T. thiebautii extracts, but not in those from T. erythraeum. Despite this finding, it 

appears that such toxicity does not have a direct impact on mussel aquaculture as in 

other algae, such as dinoflagellates (22). Rather, these authors found that mussels 

can be affected by the low nutritional value of these cyanobacteria. 

The mouse bioassay did not show acute toxicity. All results from both hydrophilic and 

lipophilic extracts were negative in the 24-hour test. Some adjustments were 

necessary to decrease the salinity of extracts by dilution with water, since differences 

in salinity could mask the results. Although we have found the presence of toxins, as 

described below, the doses were not sufficient to produce death among tested mice 

in the manner described in freshwater cyanobacteria toxicity assays (23).  

Saxitoxin analogues were measured by HPLC analysis in all extracts, expressed as 

parts per million (Table 2). At this concentration, the extract did not kill mice under the 

test conditions. In all nine analogues analyzed, we found only decarbamoyl saxitoxin 

(dcSTX) and gonyautoxin 3 (GTX 3), which were expressed as a saxitoxin equivalent 

(19). 

 
Table 2. Toxin concentrations of scum extracts from the Camamu-Almada region 

Sample Saxitoxin analogues 
STX eq. µg/g 

Microcystins 
µg/g 

#1 1.95 89.6 

#2 3.40 82.7 

#3 9.45 302.0 

#4 2.28 9.7 

 

Cylindrospermopsin was not found in the analysis. Table 2 shows the results 

expressed as Mic-LR. Unlike cilyndrospermopsin, microcystins were encountered in 
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all samples by HPLC analysis and were confirmed by ELISA in the sample from 

04/07/2007.  

The results show that all samples were toxic. The role of toxic substances in 

Trichodesmium spp. is related mainly to allelopathic functions, which may be very 

important since these organisms live in environments with low nutrient availability, 

indicating that competition for this resource may be high (6). Therefore, allopathic 

substances could be of evolutionary importance. In the same manner, toxic 

compounds might limit or restrict the grazing on Trichodesmium by microcrustaceans 

or even by fish. On the other hand, compounds other than the toxins analyzed, such 

as MIC and STX analogues, can have similar effects since several components can 

be produced by the same organisms (6, 10, 21, 24).  

The presence of microcystin has been reported in samples from a T. erythraeum 

bloom from Canary Island region (25). Sudek et al. (24) reported the presence of a 

cyclic peptide, called trichamine, with biological activity. Both, saxitoxin and 

microcystins are produced by freshwater cyanobacteria including Microcystis, 

Planktothrix, Oscillatoria, Nostoc, Anabaena, Anabaenopsis and Hapalosiphon. 

These are also found in transitional environments including estuaries, whereas 

recent studies have shown the presence of microcystin in tiny (picoplankton) 

Synechococcus spp. in marine environments (26, 27). Therefore, it is possible that 

the microcystin found in the present study is not necessarily related to 

Trichodesmium erithraeum but rather to co-occurring organisms, or others such as 

picoplanktonic cyanobacteria. The same is valid for saxitoxin. In extracts from 

Australian Trichodesmium, Negri et al. (22) did not observe the presence of saxitoxin. 

But these toxins were observed in a Trichodesmium erythraeum bloom off the Rio 

Grande do Sul coast, Brazil, in March 2004 (28). In this event, SXT, GTX1, GTX3 

and GTX4 were identified and toxicity was confirmed by the mouse bioassay. In 

marine environments, several dinoflagellates produce these toxins, as do some 

bacteria (29). In our case, further assays will be necessary to investigate the true 

source of the toxins. Samples of T. erythraeum from off the Santa Catarina coast did 

not present either mice toxicity or microcystin (4). It is possible, therefore, that other 

co-occurring organisms may also produce the toxic compounds found in these tests. 

Prorocentrum rhathymun and P. minimum, for example, are dinoflagellates that can 

provoke toxic effects (30).  
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In humans, both saxitoxin and microcystin toxins can become problematic. Drinking 

water containing microcystins and other cyanotoxins causes shortages in water 

supplies and can lead to several health problems (23). In Brazil, the presence of such 

compounds in potable and recreational water is regulated by specific laws (31). 

However, microcystin does not cause harm through direct contact. Thus, although 

the toxins are present in these microorganisms, we do not consider these blooms a 

health problem. There is no report of Trichodesmium toxin magnification through 

trophic chains by mussels, filter feeders or fishes, in contrast with dinoflagellates (22). 

Blooms reaching mussel culture areas in Santa Catarina have not caused any 

observable damage. 

Despite their broad geographic occurrence along the Brazilian coast, up to now, the 

only reported harmful effect on humans, published by Satô et al. in 1963 (5), was 

human illness along the coast of Pernambuco (more precisely, at Tamandaré, a city 

by the sea). Since that episode, no other harmful event has been registered in Brazil. 

For example, in 2004, a large portion of Cassino beach, in Rio Grande do Sul, was 

covered by a T. erythraem bloom but no injurious effects were registered (28). The 

same was true for Santa Catarina, Paraná and Bahia states. The etiology of the 

Tamandaré event needs to be investigated more thoroughly. In the study that reports 

the illness associated with the incident, no attempts were made to elucidate the toxin 

origin or to perform toxicity tests. Since then no other paper has been published 

relating human illness to the presence of Trichodesmium spp. blooms.  

In general, no direct actions have been taken following the discovery of 

Trichodesmium spp. blooms in any place. In spite of this, CETESB, the 

environmental agency of São Paulo state, usually advises people not to use beaches 

during an algal bloom. This may be a valid precautionary procedure since it is known 

that some cyanobacteria can cause dermatitis, and that dinoflagellates may produce 

toxins carried by aerosols. At this point, we cannot definitively associate harmful 

effects with Trichodesmium spp. blooms. 
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