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Combinatorial, accumulative and long-term effects

Combinatorial and accumulative effects can lead to substantial risks for humans, animals and the environment. Such 
effects can be antagonistic, additive or synergistic. As to the latter, the combinatorial effect is higher than the combined 
single effects. Combinatorial effects can result on occasion, some are predictable resulting from the:

1. Combination of traits in stacked events

2. Mixtures of genetically engineered plants in food and feed

3. Interaction with other components within the food chain such as allergens or toxins.

While the overall impact of all combinatorial effects within the food chain is hard to examine, stacked events with a 
specific combination of traits such as insecticidal toxins and herbicide resistance are wellsuited to detailed examinations. 
Mixtures of genetically engineered plants authorised for food and feed can also be assessed. However, current EFSA 
practice does take into account not request such investigations, despite EU Directive 2001/18 requesting the assessment 
of accumulative effects. 

Several flaws in current regulation have been observed in the case of the genetically engineered maize known as 
SmartStax. It was authorised for import into the EU for usage in food and feed without any examination of health risks in 
a single feeding study (see also Testbiotech, 2014):

• SmartStax is a joint Monsanto and Dow AgroSciences product; it is a genetically engineered maize currently 

grown in the US, that produces six insecticidal proteins (Bt toxins) from different subspecies of Bacillus 
thuringiensis and has been engineered to be resistant to two herbicides (glyphosate and glufosinate). One of 
the insecticidal proteins (Cry1A.105) is derived from synthetic DNA that does not have a natural variant. In 
addition, the combination of these toxins does not occur naturally. Some uncertainties in regard to effects on 
health did emerge in feeding studies performed with the individual parental plants. Nevertheless, EFSA did not 
request a feeding study with the stacked maize to investigate health risks resulting from combinatorial effects. 
SmartStax has a much higher Bt content than any other genetically engineered plant to date, precipitating a 
higher likelihood of there being an impact on the immune systems in humans and animals. These health risks 
were left aside by EFSA. ›› In addition, SmartStax has been engineered to be resistant to the herbicides 
glyphosate and glufosinate. Consequently, we have to assume there will be a mixture of insecticidal toxins in 
combination with residues from spraying. None of these were investigated.
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More generally, EFSA is failing to examine the long-term effects of the consumption of genetically engineered plants and 
the combinatorial effects of mixtures of genetically engineered plants:

• No feeding trials are requested over the lifetime of the animals, including their offspring.

• There have been absolutely no investigations into the accumulated effects resulting from mixtures of several 

genetically engineered plants being used in food and feed.

•

Figure 1: SmartStax, produced by Monsanto and Dow AgroSciences. This maize is a combination of four genetically 
engineered events (MON88017, MON89034, 59122, 1507). It produces six insecticidal toxins (Cry toxin is derived from several 
strains of Bacillus thuringiensis, one of which, Cry1A105, is synthetically manufactured) and is tolerant to two herbicides 
(glufosinate through the PAT enzyme and glyphosate through the EPSPS enzyme).
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