PCR for aflatoxigenic fungi as an alternative way for aflatoxin detection and quantification in developing countries.
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Mycotoxins are secondary metabolites produced by fungi during their development on crops or post harvest and during storage. The major mycotoxin-producing fungal genera are Aspergillus, Fusarium and Penicillium. The most important mycotoxins are aflatoxins. AFs are the major contaminants that can contaminate crops in areas with hot climate such Egypt. AFs contamination of crops is a serious issue worldwide because contaminated crops impact quality as well as marketing and may affect the health of humans and animals that consume the product. In developing countries there is little regulation of contamination at the local level and the population may be at risk. Existing detection of the aflatoxigenic fungi is usually performed by traditional dilution plating, use of diagnostic media or by immunological methods. The traditional methods are time consuming, labour-intensive, costly, require mycological expertise and facilities. Immunological methods and diagnostic media have limitation in identifying the aflatoxigenic fungi in that false positives are easy to come by and purifications of samples are a necessary prerequisite. Therefore, it appears necessary to develop new strategies able to detect and quantify aflatoxigenic fungi contamination of food and feed chains. On the other hand, To date, we do not know how to detoxify chemically or physically materials that are contaminated by AFs in ways that retain their edibility. Our safety, therefore, relies on our ability to detect, quantify and avoid them. Because most of the people and animals under threat by AFs live in third world countries, the fast, simple to perform and interpret, and inexpensive and sensitive methodologies for AFs-producing fungi detection and quantification is an attractive approach to control of AFs.
AFs are metabolites synthesized by Aspergillus flavus and Aspergillus parasiticus, and are classified into four types: AFB1, AFB2, AFG1 and AFG2 (Dorner 2008). They are highly toxic, carcinogenic, teratogenic and mutagenic (Oveisi et al. 2007) and considered as major etiological factors for hepatocellular carcinoma (HCC) (IARC, 2002). In Egypt the incidence of HCC has doubled throughout the past decade (Iyer et al. 2010), while in Kenya death resulting from aflatoxicosis is reported to increase (Okoth 2012). AFB1 is regulated by legislation in many countries because of the toxicity and by the EU at 2 μg kg-1 in food for direct human consumption (Shephard 2009). AFB1 and total AF (sum of B1, B2, G1 and G2) are set at 5 μg kg−1 and 10μg kg−1 respectively for maize (EC 2010).

Aspergillus flavus section grow over a temperature range of 17-42°C but the optimum temperature for AFs production is 25-35°C. That is why AFB1 is often considered as a major contaminant in countries with hot climate (Cotty and Jaime-Garcia, 2007). Therefore, this compound can be frequently observed in cereals and other foods or raw materials produced in Egypt (El-Tahan et al., 2000). For instance, in a previous study, 45 isolates of Aspergilli, isolated from soil, seed grains (maize, wheat, and peanut) and air, were tested for the production of mycotoxins. If fifteen isolates were found non toxic, six isolates were of strongly toxigenic (Moubashor et al., 1977). Oil seed meal and cereals are considered as the mostly contaminated feedstuffs in Egypt and important economic losses are directly related to the fungal contamination (rejection of feed with visible fungal growthand aflatoxin contamination). In another study, the importance of mycotoxigenic Aspergilli in Egyptian maize from many different regions (Alexandria, Cairo, Giza, El-Beheira, El- Daqahliya, El-Sharqiya, Asyut) was evaluated during three years. The most common species found were Aspergillus flavus, Aspergillus parasiticus, and Penicillium spp.. Among the 88 Aspergillus section flavi strains examined, 90% were aflatoxigenic. Around 95% were A. flavus, according to their toxinogenic profile (ability to produce both AFB1 and AFB2 but not AFG1 and G2 on YES medium) and molecular analyses. During the last years, AFB1 contamination was also reported in European production, especially in maize (Pietri et al., 2004; Tabuc et al., 2009). This could be related to the global climatic modifications (Magan et al., 2011).

The major problem in  PCR detection and quantification of AFs-producing fungi is due to the fact that AFs are multi-ring structures and therefore require a sequence of tstructural genes for their biosynthesis. That is why there is no specific PCR marker for any one of the four biologically produced AFs. Unfortunately, the structural genes presently in use for PCR detection of aflatoxigenic fungi are also involved in the synthesis of other fungal toxins such as sterigmatocystin by Aspergillus versicolor and Aspergillus nidulans and therefore lack absolute specificity for AF-producing fungi. In addition, the genomic presence of several structural genes involved in AF biosynthesis does not guarantee the production of AF by all isolates of A. flavus and A. parasiticus (Levin., 2012). The AF biosynthesis pathway in several Aspergillus spp. has been very well characterized and most of the enzymes involved in the biosynthesis appear to have been identified (Yu et al. 2004). These AF biosynthesis pathway genes exist as a gene cluster located in a 70-kb DNA sequence which contains at least 25 open reading frames (ORFs) (Yu et al. 2004). At least 25 genes are involved in the biosynthesis of AFs and its regulation (Bhatnagar et al. 2006). Several regulators such as aflR and aflJ, involved in the pathway are also reported as a part of this cluster (Cary et al. 2006) Of this multistep polyketide pathway, the NOR1 mediates the first committed step in AF biosynthesis pathway (Chang et al. 1992). Primers pertaining to sequences of afl-2, aflD, aflM and aflP, (apa-2, nor-2, ver-2, omt-2, respectively) (Shapira et al. 1996; Geisen 1996; Chen 2002) have been used to detect and identify aflatoxigenic strains of A. flavus and A. parasiticus among isolated colonies. Multiplex RT–PCR containing 4–5 primer pairs of various combinations of aflD, aflO, aflP, aflQ, aflR and aflS (aflJ) were used to detect toxigenic fungi (Degola et al. 2007). PCR methodologies for rare Aspergilli such as A. bombycis, A. ochraceoroseus and A. pseudotamar that produce AFs have yet to be developed (Bennett and Klich 2003).
In conclusion, lack of reliable multi-mycotoxin analysis hampers research in AFs in developing countries. Although HPLC-MS are available in several research centers and universities  most of these instruments have not been operating due to poor infrastructure and the lack of technical support. So PCR detection and quantification of aflatoxigenic fungi are alternative techniques for AFs risk assessment. A lot of work should be done to design a specific primer for different AFs types and also for high AFs producers.  
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