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INTRODUCTION 
Eutrophication in lakes, reservoirs and rivers may have profound effects on aquatic 
ecosystems and may contribute to blooms of algae and cyanobacteria.  Global warming is 
also expected to result in changes of the phytoplankton community composition 
which may also contribute to proliferation of bloom-forming cyanobacteria (blue- green 
algae).  Negative consequences of these phenomena may include the build-up of cyanotoxins 
in the water, deterioration of water quality and adverse human and animal health effects 
correlated with cyanobacterial contamination of drinking water.  Although ruminants are the 
most commonly affected animals poisoning has also been reported in horses, sheep, dogs, 
domestic poultry, ducks, turkeys, mice, rats, guinea pigs, wildlife and fish. Poisoning is 
manifested as a syndrome of collapse and prostration, with hyperesthesia and convulsions. 
Death may also be quick and within a time span of a few minutes only - and there may be no 
specific lesions observed in this form of poisoning 
 
Although the diversity of algal species, dominated by small Chlorophyceae, reported in 
eutrophic freshwater systems is very high, the dominant toxic cyanobacterial bloom, globally, 
is associated with Microcystis aeruginosa.  Factors which may influence the growth of 
freshwater  algae are many but temperature and light intensity have traditionally been 
considered as two major factors.  Algal blooms are not confined to fresh water systems only 
and many blooms are also seen in salt water bodies with sometimes catastrophic 
consequences as well. However, this article will only attempt to give a short overview on 
certain aspects of algal blooms in freshwater systems.  
 
THE CYANOBACTERIA AND CYANOTOXINS 
Most worldwide documented cases of poisoning by cyanobacteria have involved Microcystis 
aeruginosa.  Other species reported to be toxic are from the genera Anabaena spp, 
Aphanizomenon spp, Cylindrospermopsis spp, Microcystisspp, Plankthothrix (Oscillatoria) 
spp, Nodularis spp and Nostoc spp. These organisms may all be responsible for the 
production of various cyanotoxins (Oberholtser et al - 2005). 
 
Cyanotoxins are water-soluble compounds and categorized into 4 distinct groups: 
• The hepatotoxins - microcystins, cylindrospermopsin and nodularins. 
• The neurotoxins - anatoxins and saxitoxins.  
• The dermatotoxins - lyngbyatoxins and aplysiatoxin. 
• The skin irritants - all cyanotoxins. 
 
Microcystisns (MC’s) are all cyclic heptapeptides.  Different isoforms have been identified 
all showing different degrees of toxicity.  These toxins are phosphatase inhibitors, very stable 
and may persist in water at typical ambient conditions.  It has a half- life of 10 weeks and is 
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stable following boiling (Oberholtser et al - 2005). Over 90 analogues have been identified 
and of these microcystin-LR (MC-LR) is the most toxic and most commonly studied (Wei et 
al - 2016).  The toxin exists in Microcystis sp cells in two different forms as free and protein-
bound (Wei et al - 2016).  
 
Microcystin is produced nonribosomally, at a multienzyme complex, and the genes necessary 
for the synthesis of microcystin are organized in a gene cluster with two bidirectionally 
transcribed operons (mcyA-C and mcyD-J)  (Scherer et al  2016).  Not all strains of M. 
aeruginosa have the genetic capability to produce microcystin but unfortunately toxic and 
nontoxic genotypes cannot be easily distinguished under light micrsocopy(Scherer et al 
2016). 
 
Cylindrospermopsins are alkaloids which contain a tricyclic guanidine combined with 
hydroxymethyl uracyl. They are stable when boiled. It disrupts protein synthesis with the 
liver as the main target.  However, unlike the microcystins, it can also affect other organs 
such as the lungs, kidneys, adrenals and intestine (Oberholtser et al - 2005). 
 
It is reported that both the microcystins and cylindrospermopsin are potential tumour 
promoters. Cylindrospermopsin is potentially genotoxic due to its ability to cause strand 
breaks at DNA level and loss of whole chromosomes (Oberholtser et al - 2005). 
 
Anatoxin A is produced by species of the genera Anabaena spp and Plankthothrix 
(Oscillatoria) spp. It is an alkaloid, and a	potent postsynaptic cholinergic nicotinic agonist.  It 
causes a depolarizing neuromuscular blockade, resulting in fatigue and paralysis. Anatoxin-
a(s) is unrelated to anatoxin-a and irreversibly inhibit acetylcholinesterase, causing the same 
clinical end result as anatoxin-a.  Acetylcholinesterases in the blood, lung and muscle are 
inhibited, whereas the retina and brain is unaffected (Oberholtser et al - 2005). 
 
Saxitoxins are produced by species and strains of freshwater cyanobacteria Anabaena spp 
and Aphanizomenon spp. It inhibits nerve conduction by blocking sodium channels in axons 
preventing the release of acetylcholine at the neuromuscular junctions resulting in muscle 
paralysis. Paralysis of the respiratory muscles may lead to the death of animals within a few 
minutes (Oberholtser et al - 2005).   
 
Lyngbyatoxin A and aplysiatoxin are produced by the cyanobacterium Lyngbya majuscula, a marine 
benthic cyanobacterium(Oberholtser et al - 2005). 
 
Nodularins are pentapeptides  and produced by cyanobacteria, such as Nodularia spumigenia 
and only four forms been described. They are more commonly reported from New Zealand 
and the Baltic Region. 
 
EPIDEMIOLOGY 
There is an abundance of scientific literature published on studies into the various intrinsic 
and extrinsic factors that will promote or inhibit cyanobacterial growth and toxin production. 
It will be far beyond the scope of this article to even attempt to discuss all of these 
publications - many at biochemical or molecular level.  Only a few of the more recent and 
interesting articles will therefore be quoted in this paper. 
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Cyanobacterial blooms have been increasingly recognized as a global epidemic, and notably 
in large water bodies such as Lake Victoria in Africa, Lake Winnipeg in Canada, Lake Taihu 
in China, and the Baltic Sea in Europe (Xu et al 2016).  
 
Algal blooms are usually transient in nature, and therefore outbreaks of poisoning are not 
commonly seen but when they occur they may be responsible for heavy mortality among 
mammals or birds (Williams et al  2007).  The phenomena of eutrophication and algal blooms 
have been extensively studied at various sites and in different forms of water bodies and 
sources of water around the globe.  As is to be expected the composition and species of algal 
proliferating may differ between water sources, between and within continents, and even 
within countries depending on the prevailing climate.  
 
In their study Wilson et al (2005) found considerable genetic variation within and among 
populations of M. aeruginosa, in southern Michigan lakes and fifty-three of sixty seven 
isolates were shown to be genetically distinct.  Furthermore ninety-one percent of the fifty 
three genetically unique M. aeruginosa clones contained the microcystin toxin gene (mcyA). 
They also found that genotypes with the toxin gene were found in all lakes and that in four 
lakes both genotypes possessing and genotypes lacking the toxin gene were present. In their 
article they refer to similar findings of genetic diversity in many other aquatic ecosystems 
studied at various sites around the globe. The authors concluded that information of this 
nature could be useful for predicting and mitigating future harmful algal blooms and would 
probably also explain  phenomenon of seasonal variation in toxin type and content of lakes - 
and therefore partly explain the sporadic nature of outbreaks of poisoning. 
 
Many of these studies into algal blooms have been conducted in temperate climate regions.   
In one such study of surface water in Florida by Williams et al (2007) it was found that 
factors such as the prevailing climatic conditions, well developed and long established 
agricultural industries, high anthropogenic nutrient loads, land development compromising 
the natural buffering capacity around water bodies, and other natural environmental factors 
such as relatively shallow waters,  high retention times, high sedimentary phosphorus 
content, and highly mixed water columns may all contribute to algal overgrowth. 
 
In their study et al Alvarez et al (2016) in Spain found that algal blooms occur at 
temperatures between 28 °C and 30 °C and in light cycles with longer hours of daylight than 
darkness. This would coincide with the summer months, from June to September, when high 
temperatures and maximum daylight hours are encountered. At temperatures below 18 °C 
freshwater algae do not grow. 
 
Sub-Saharan Africa is not spared from algal blooms. In a review (Nyenje et al 2005) of 
eutrophication in sub-Saharan Africa it was observed that the population of mega-cities in 
sub-Saharan Africa is rapidly increasing. As consequence the total amount of wastewater 
produced has also increased and, less than 30% is treated in sewage treatment plants.  The 
bulk of wastewater may be disposed of via onsite sanitation systems, which eventually 
discharge the wastewater into groundwater.  The total amount of wastewater produced in 
some megacities may be as high as 10-50% of the total precipitation entering these urban 
areas. 
 
In ‘tropical lakes’, with longer summer periods, it has been speculated there may be the 
potential for year-round dominance of high biomasses and potentially toxic cyanobacteria 
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compared to the  “temperate lakes’ where strong seasonal changes in temperature, light, and 
mixing mean is often only observed in the summer and early fall (Poste et al – 2013).  
 
Therefore six Ugandan lakes including the tropical Great Lakes Victoria and Edward, as well 
as four smaller Ugandan lakes - Lake George, Lake Mburo, and the  crater lakes Saka and 
Nkurubawere were studied by Poste et al (2013).  It was found that a high cyanobacterial 
biomass (especially Microcystis) was favoured by high total phosphorus concentrations, low 
total nitrogen to total phosphorus (TN:TP) ratios, and possibly low CO2 availability. In 
contrast to other studies factors such as light availability, total nitrogen concentrations, and 
thermal structure of the water column did not seem to be related to cyanobacterial biomass. In 
these phosphorus-rich tropical lakes, the shallowest study sites were most conducive to the 
development of Microcystis sp blooms and high MC concentrations. Carbon depletion was 
considered another important contributing factor. The authors concluded that the 
environmental conditions which may favour high cyanobacterial biomass and MC 
concentrations in these Ugandan lakes are similar to what has been observed for temperate 
lakes that were studied.  They therefore also concluded that as phosphorous concentrations is 
driving cyanobacterial abundance (and subsequent MC concentrations) all efforts to reduce 
MC production should focus on reducing phosphorous concentrations in tropical as well as 
temperate lakes.  
 
In their review article Oberholster et al (2005) observed that there are no natural fresh water 
lakes in an arid to semi-arid South Africa and water supplies are therefore confined to rivers, 
dams, and groundwater.  A high demand for water, the erratic rainfall and erratic flow of 
most South African rivers, prompted authorities to build many dams on all the major river 
systems. The rationale would be to stabilize flow and guarantee consistent water supply to 
urban areas and for agriculture. These sprawling urban complexes generate large amounts of 
sewage which produce effluents that are high in salts, phosphates and nitrates. Effluents enter 
aquatic ecosystems and resulting in an overload of reservoir basins for periods spanning over decades.   
This results in accelerated eutrophication, disturbances of relationships among organisms, the 
biodiversity and the levels of oxygen concentrations.  Hartebeespoort dam, well-known for its 
poor water quality is considered by many to be one of the worst examples of eutrophication in the 
world (Mbukwa et al 2012).   
 
A study into Loskop dam by Oberholster et al (2010) revealed high nutrient concentrations 
(nitrogen: 17 mg l(-1) and orthophosphate: 0.7 mg l(-1)) coinciding with  the mid-summer 
peak of the rainy season.  Blooms of the cyanobacterium Microcystis sp and the water quality 
data associated with these blooms suggest that the aquatic system of Loskop dam has also 
entered into an alternate, hypertrophic regime. 
 
In South Africa almost all cases of poisoning in animals have been associated with 
Microcystis aeruginosa and mostly in the Gauteng, Mpumalanga, Free State and Western 
Cape provinces. Poisoning is periodically reported around the Vaal, Bon Accord and 
Hartbeespoort Dams (Kellerman et al - 2005).   Kellerman et al ranked the plant poisonings 
and mycotoxicoses reported  in South Africa and Microcystis aeruginosa poisoning was 
considered as the fifth most important  poisoning in the Gauteng Province, and the tenth most 
important in Mpumalanga. 
 

National parks and wildlife have not been spared either.	Masango et al (2010) reported that 
there are several constructed water dams and reservoirs in the Kruger National Park (KNP) as 
a prime example. Microcystis sp blooms have been identified as a cause of wildlife mortality 
at the Nhlanganzwani and Sunset dams in June 2007.  The high numbers of hippopotami 
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(Hippopotamus amphibius) in some dams seem to have contributed to eutrophication and 
blooms. To the best of knowledge Bengis et al (2016) is also to publish an article on their 
studies into algal blooms in KNP in the most recent Journal of the South African Veterinary 
Association which is listed below as a reference - this would make for highly recommended 
reading.  
 
Blooms are often piled by wind against the shores of large expanses of water (Kellerman et al 
2005).  Algal blooms in very dense populations are detrimental by limiting penetration of 
light into water bodies.  Hypoxic to progressively worsening anoxic conditions following on 
degradation of the bloom conditions will inhibit the growth/presence of submerged aquatic 
vegetation.  The nett result may be the production of an aesthetically unpleasant odour and 
bad taste of the water, due compounds, such as 2-methylisoborneol (MIB) and geosmin, and 
toxic chemical metabolites such as cyanotoxins (Williams et al 2007). 
 
Cyanotoxins are found inside healthy algal cells and therefore, in general, not directly 
bioavailable within a water source/body.	Toxins released into the surrounding environment 
due to algal death are relatively stable compounds (Williams et al 2007).  Depending on 
prevailing environmental conditions, they may then persist for weeks to months (Williams et 
al 2007).  Although most of the cyanotoxins are intracellular he exception 
is Cylindrospermopsis sp, which can have a large amount of the toxin extracellularly (Xu et 
al 2016). When toxins are released into a water source following on cell lysis it poses a more 
serious hazard to water safety as it is far more difficult to remove the toxins compared to 
whole cells (Xu et al 2016).   
 
Cyanobacterial cell death may be spontaneous or may be caused by a number of factors. 
Mbukwa (2012) and Oberholster (2005) list these as ageing, stress, mechanical breakdown or 
chemical activities - a few examples would be grazing; various water purification processes; 
suction, turbulence and pressure gradients in pumps and pipes; boat propellers; attempts to 
control algal growth (e.g with copper sulphate) or in the rumen or stomach following on acid 
digestion. 
 
Zhang et al (2016) studied the effects of the use of the herbicide glyphosate on Microcystis 
aeruginosa growth and MC production. Their results have shown that low levels of 
glyphosate stimulated the growth of M. aeruginosa. They reported a significant increase in 
the total MC-LR and intracellular MC-LR after exposure to 0.1-2 mg/L of glyphosate.  
However the extracellular MC-LR did not increase. The increase in total MC-LR was 
suggested to be mostly due to the effects of glyphosate on the cell density of M. aeruginosa. 
The authors therefore suggest that low levels of glyphosate in a water body is an potential 
environmental risk factor for algal blooms. 
 
Scherer et al (2016) referred to many different studies into the predicted effects of global 
warming in their article. The direct effects of global warming, such as rising temperatures, 
and indirect effects, such as intensified stratification, may favour cyanobacterial blooms and 
toxin production. Some scientists argue that increased water temperature is expected to give 
cyanobacteria a selective advantage over competing phytoplankton.  This would be due to the 
high optimal growth temperature required by some of these cyanobacterial species. Research 
findings also suggested that toxic Microcystis sp genotypes may be favoured over nontoxic 
ones at warmer temperatures. 
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Global warming is also expected to cause a shift in waterbody perturbation patterns. Forecast 
suggests increased water column stability, a warmer epilimnion and earlier seasonal 
stratification of waterbodies all caused, in part, by a shorter annual duration of the ice cover. 
Many cyanobacteria, such as Microcystis, are able to thrive under those conditions. This is 
achieved by their ability to actively regulate their buoyancy enabling them to finding their 
optimal depth in the water column.  In temperate regions intensified vertical mixing of the 
epilimnion caused by more frequent wind stress and extreme weather events, such as storms 
and floods, is predicted.  Other factors, such as rising carbon dioxide levels is also thought to 
promote the growth of cyanobacteria.  
 
Scherer et al (2016)  investigated possible changes in mcyB and mcyD expression in response 
to selected environmental factors which would be associated with global warming. The most 
significant finding was that a 10°C rise in temperature significantly increased mcyB 
expression.  In contrast mcyD expression remains unchanced.  Mixing or the addition of 
microcystin-LR (10 µg L−1 or 60 µg L−1) failed to significantly alter mcyB and mcyD 
expression. The expression levels of mcyB and mcyD were correlated but not identical. 
   
 
PATHOPHYSIOLOGY, CLINICAL SIGNS AND DIAGNOSIS 
The pathophysiology has been discussed in many articles and text books such as by 
Oberholtser et al (2005), Plumtree (2004) and Kellerman (2005) listed below. Microcystin is 
absorbed by the intestine (mostly the ileum) entering the portal circulation and cleared 
rapidly from the blood.  Toxins are transported to, and into, the hepatocytes by organic anion-
transporting polypeptide (OATP) membrane transporters. As the toxin is not cell permeant its 
carrier-mediated transport mechanisms results in hepatocyte accumulation.     
 
Once in hepatocytes itself the toxin binds to and inhibits serine/threonine phosphatases type 1 
and 2A.  This results in hyperphosphorylation and disassembly of cytoskeletal proteins 
including intermediate filaments, actin microtubules, and actin microfilaments. In acute 
poisoning membrane blebbing, rounding, and loss of cell-to-cell adhesion are all seen, 
leading to hepatic structure breakdown. The hepatocyte shape and integrity is disrupted as 
consequence, resulting in necrosis, apoptosis, hepatic sinusoidal collapse and perisinusoidal 
haemorrhage. Phagolysosomes and bile pigments may accumulate in the hepatocyte 
cytoplasm, mild biliary proliferation and fibrosis may be seen and necrosis of the renal 
tubules has been reported. 
 
Most of the macroscopic and histological lesions would involve the liver - Plumtree (2004) 
and Kellerman et al  (2005). The extent and pattern of lesions may vary between different 
animals in cases of clinical disease.  In acute poisoning the pathology may be very striking 
and seen as massive necrosis and usually diffuse and centrilobular in distribution. In subacute 
poisoning, the liver may exhibit severe fatty changes. Necrosis may only be seen in 
individual hepatocytes or small groups of hepatocytes, rather than having a zonal distribution 
pattern in these cases.  Chronic intoxication can lead to tumour promotion such as hepatic 
tumours in humans and skin papillomas in mice (Oberholtser et al – 2005). 
 
Both Plumtree (2004) and Kellerman et al  (2005)  reported on the clinical signs as follows: 
In many cases acute death without any or few clinical signs may be seen.  Clinical signs may 
present in 1 to 4 hours after ingestion of microcystin or nodularin seen as lethargy, vomiting, 
diarrhoea, gastro intestinal atony, constipation, weakness, pale mucous membranes, drop in 
milk production and inappetence.  Death may ensue within 24 hours or be delayed for several 
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days.  Animals surviving the acute episode may develop secondary photosensitivity and 
icterus.  Following on ingestion of anatoxin-a acute muscle tremors, rigidity, lethargy, 
respiratory distress, convulsions to respiratory paralysis with death within 30 minutes may be 
seen.  Ingestion of anatoxin-a (s) may result in increased salivation, urination, lacrimation and  
defaechtion as well as tremors, dyspnoea, convulsions and respiratory arrest with death in 1 
hour.  In Southern Africa only the hepatotoxic syndrome has been described in livestock. 
 
A diagnosis would be based on the clinical history, clinical signs, macroscopic and 
histological findings and identification of a contaminated water source. Depending on 
availability of laboratories and diagnostic assays offered by them water samples may be 
submitted for identification of the algae and toxins (for example mouse bioassay and  high 
performance liquid chromatography (HPLC)/thin-layer chromatography (TLC) or gas 
chromatography-mass spectrometry (GC-MC) to identify the causative toxin; and molecular 
assays to identify and a quantify species and toxicogenic strains of cyanobacteria (Plumtree 
2004). Cyanobacteria may be identified under the light microscope but this would not allow 
to determine ii they are toxic genotypes (Plumtree 2004). 
 
 
TREATMENT, PREVENTION AND CONTROL 
As there are no antidotes available treatment of clinically affected animals is aimed at 
supportive and symptomatic  regimes. Administration of activated charcoal and shock 
therapy (cortisone, fluids) respiratory support and seizure control may all be attempted 
(atropine with anatoxins - a(s) poisoning).  Regardless the prognosis in affected animals with 
clinical signs is usually poor (Plumtree - 2004).  The most important would be to avoid 
exposure of the animals to contaminated water sources. The treatment of water with copper 
sulphate has been advocated (Plumtree - 2004) - but is also considered as a potential cause of 
algal death and liberation of toxins (Mbukwa - 2012). 
 
Considerable efforts have been put into researching the methods of water purification and 
treatment.  The aim would be for water treatment to remove intracellular toxins with intact 
cells, without causing additional release of intracellular toxins (Xu et al 2016) .  These 
treatment methods include mechanical, physical (ultrasonication, coagulation/flocculation 
and centrifugal separation), biological (traditional biomanipulation and non-traditional 
biomanipulation), and chemical (oxidants and metal-ion compounds) methods. 
 
Due to an increasing global water scarcity in recent years, more and more water sludge is 
recycled but this may result in the release of intracellular toxins which in turn will increase 
the burden of toxin removal. To addresss this factors such as cell viability, integrity and 
intracellular metabolite release during the sludge treatment process has attracted interest and 
been studied intensively.   
 
Xu et al (2016) as example investigated the behaviours of Microcystis aeruginosa in the 
sludges formed by AlCl3, FeCl3, and polymeric aluminium ferric chloride (PAFC) coagulants 
during storage. They reported that the viability of Microcystis aeruginosa in PAFC sludge 
was stronger than that of cells in either AlCl3 or FeCl3 sludge after the same storage time. The 
cells’ viability in  AlCl3 or FeCl3 sludge systems stayed at almost the same level.  
	
Monitoring of water source is also great importance and Oberholster (2005) as example 
discusses the use of PCR screens to identify the presence of toxicogenic strains of 
cyanobacteria whilst Mbukwa (2012) stressed the importance of monitoring the presence of 
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intracelluar MC concentrations as opposed to extracellular MC concentrations. It gives more 
complete information on the quantity and type of MCs and species distribution present. 
Mbukwa states that a number of factors, such as the presence of algae grazers, assimilation of 
bioavailable MCs by aquatic organisms, wash-away by water drifts, adsorption on suspended 
solids/organic matter/sediments may result in lowered extracellular concentrations. 
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