Problems in preventing high Fusarium and Fusarium toxin levels in cereals in northern Europe as compared to Africa
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DON and T-2/HT-2 levels and the levels of  F. graminearum and F. langsethiae have been increasing in cereals in northern Europe, especially in oats. In Africa fumonisins produced by F. verticillioides are the most important Fusarium toxins in cereals, especially in maize. 
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Detection and quantification of  Fusarium species is important e.g. in breeding and fungicide testing and it can also be used for estimating the risk for mycotoxins before and after harvesting. It is relatively easy to detect Fusarium head blight caused by F. graminarum and F. culmorum in wheat, but it is difficult to detect Fusarium head blight in oats and barley. The symptoms of T-2 toxin-producing F. langsethiae and F. sporotrichioides are difficult to detect in all cereals. 
In Northern Europe the highest mycotoxin levels are found in oats (e.g. Yli-Mattila et al., 2009). The detection problems can be solved by developing quantitative PCR methods and other molecular methods, by which it is also possible to quantify fungal biomass and to detect different chemotypes. Alternatively, Fusarium species can be detected by measuring mycotoxins, but chromatographic methods are expensive and slow, while there are often specificity problems with antibody based detection methods.
Chemically trichothecenes, which are produced by Fusarium species, can be divided to type A (e.g. T-2 and HT-2 toxins and diacetoxyscirpenol  (DAS)) and B (e.g. deoxynivalenol (DON) and nivalenol (NIV)) trichothecenes and their mono- and di-acetylated derivatives (e.g. 3ADON, 15ADON and fusarenon X). Most of the genes for trichothecene synthesis are situated in a big cluster in the fungal genome (McCormick et al., 2011).
F. graminearum is the main DON-producer in Europe. DON-contaminated feed and food can cause vomiting syndrome in animals and humans (D’Mello et al. 1999). For DON the highest allowed level in European Union (EU) for human food is 1750 ppb in oats, durum wheat and maize and 1250 ppb in most other cereals. For baby food the levels are lower and for animal feed they are higher. 
European regulations for NIV, T-2 and HT-2 toxins are under evaluation. The maximum limit of DON in Russia and China is 1000 ppb for several cereals used for human food. In Japan the provisional limit for DON in wheat is 1100 ppb. In Russia the maximal limit of T-2 toxin in cereals is 100 ppb. Mycotoxin NIV is not regulated anywhere. For feed the maximum limit of DON in EU is 900-12000 ppb.

There have been several surveys of T-2 and HT-2 toxins in northern Europe during the last 25 years (Edwards et al., 2009; Yli-Mattila, 2010). In these surveys high T-2/HT-2 levels have most often been found in oats. 

In Denmark highest DON levels were found in wheat (Nielsen et al., 2011), while in other Nordic countries the highest DON levels have been found in oats during the last years.  This  has also resulted lower germination percentages in oats seeds. In 2012 the exceptionally high DON levels in oats (Cerveg database/ Veli Hietaniemi) were connected to the exceptionally high precipitation levels and delayed harvesting in Finland. In 2000 high NIV levels (200-3700 ppb) were also detected in barley in Finland and in north-western Russia (Yli-Mattila et al., 2002). 
The greatest tragedy due to the Fusarium toxins in Europe took place in former Soviet Union before and during World War II, when harvesting was delayed,.  The alimentary toxic aleukia (ATA) outbreaks in Russia were probably due to T-2 toxin-producing Fusarium species and similar symptoms were obtained by treatment of extracts from ATA-associated grain samples or pure cultures of F. sporotrichioides (Sarkisov, 1954; Joffe, 1986; Desjardins, 2006). 

The 3ADON chemotype of F. graminearum is prevalent in Scandinavia, Finland and north-western Russia, while the 15ADON chemotype of F. graminearum is more common in the more southern areas in Europe and China. Both chemotypes of F. graminearum are common in the Russian Far East together with the 3ADON chemotype of F. ussurianum and the 15ADON chemotype of F. vorosii. F. poae and F. sporotrichioides belong to type A trichothecene producers, but only a few F. poae isolates can produce small amounts of T-2 and HT-2 (Yli-Mattila, 2010). NIV is the main mycotoxin produced by F. poae. F. langsethiae is a new European species of type A trichothecene producer. F. langsethiae can be divided into two lineages. T-2-producing F. sibiricum  isolates, which are morphologically like F. poae, have a unique long TG repeat in ribosomal IGS region. F. sibiricum is distributed in Siberia and Russian Far East with two single isolates from Norway and Iran. So, it is probable that the actual distribution of F. sibiricum will be much larger than the present known distribution (Yli-Mattila et al., 2011).  

Fumonisins are mainly produced by Fusarium verticillioides and Fusarium proliferatum. The occurrence of fumonisins in home-grown corn was associated with the high rate of human esophageal cancer in Iran (Shephard et al. 2000). The International Agency for Research on Cancer (IARC) considers fumonisins as possibly carcinogens to humans.  Corn-based food products are the main source of fumonisins (Covarelli et al. 2011). 

In East Africa DON was detected in wheat with levels up to 2.34 mg/kg in wheat (Okoth, 2012). The levels of fumonisins in maize can be as high as 3.6-11.6 mg/kg in East Africa (Kedera, 1999). 

T-2 toxin-producing Fusarium species are relatively common in Nordic countries, especially in oats. The detection problems of T-2 toxin producing species can be solved by developing quantitative PCR methods and other molecular methods, by which it is also possible to quantify fungal biomass and to detect different chemotypes. It is also possible to use primers, which are specific for several closely related Fusarium species producing the same toxins. Alternatively, Fusarium species can be detected by measuring mycotoxins, but chromatographic methods are expensive and slow, while there are often specificity problems with antibody based detection methods.
In Africa the trichothecenes in cereals are mainly produced by members of the Fusarium graminearum species complex. Food quality in African countries is threatened by lack of financial resources, infrastructure, climate change, lack of technological knowledge, inappropriate crop varieties, poor harvesting methodologies, and bad storage conditions. In Europe and Asia there are limits for many mycotoxins in crops, which cause a high risk of rejection of African crops by European and Asian countries. Maize and wheat are the most important crops in Africa and they are susceptible to contamination by Fusarium toxins, such as fumonisins and trichothecenes. 
Fumonisins are mainly produced by Fusarium verticillioides and F. proliferatumin areas with high temperature. Corn-based food products have a higher risk for Fusarium mycotoxins than food products from other cereals (Covarelli et al., 2011).
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