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crop event is being grown in Europe, and only in two 
countries in that region. Europe has been extremely 
opposed to GE crops, due in large part to the public 
view of agriculture that opposes “industrial” farming. 
This attitude is reflected in a highly precautionary 
regulatory and policy environment, which has highly 
influenced how African countries have dealt with 
GE technology and are likely to be applied to future 
genetic technologies, including gene drives. Further-
more, a mistrust of government regulatory agencies, 
the publication of scientific reports claiming adverse 
effects of GE crops, the involvement of corporations 
as the first GE crop developers, the lack of identifi-
able consumer benefit, and low public understanding 
of the technology further contributed to the lack of 
acceptance. Coupled with more emotionally impact-
ful messaging to the public by opposition groups and 
the general tendency of negative messages to be more 
credible than positive ones, GE crops failed to gain a 
place in European agriculture, thus influencing Afri-
can acceptance and government policy. From this 
experience, the following lessons have been learned 
that would apply to the deployment of gene drives, in 
Africa:
It will be important to establish trust in those who are 
developing the technology, as well as in those who 
are making regulatory decisions. Engagement of the 
community, where those who are involved are able to 
make genuine contributions to the decision-making 
process, are necessary to achieve that trust. The use 
of tools to facilitate participatory modeling could be 

Abstract The application of gene drives to achieve 
public health goals, such as the suppression of 
Anopheles gambiae populations, or altering their 
ability to sustain Plasmodium spp. infections, has 
received much attention from researchers. If suc-
cessful, this genetic tool can contribute greatly to 
the wellbeing of people in regions severely affected 
by malaria. However, engineered gene drives are a 
product of genetic engineering, and the experience 
to date, gained through the deployment of genetically 
engineered (GE) crops, is that GE technology has 
had difficulty receiving public acceptance in Africa, 
a key region for the deployment of gene drives. The 
history of GE crop deployment in this region pro-
vides good lessons for the deployment of gene drives 
as well. GE crops have been in commercial produc-
tion for 24  years, since the planting of the first GE 
soybean crop in 1996. During this time, regulatory 
approvals and farmer adoption of these crops has 
grown rapidly in the Americas, and to a lesser extent 
in Asia. Their safety has been recognized by numer-
ous scientific organizations. Economic and health 
benefits have been well documented in the countries 
that have grown them. However, only one transgenic 
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considered in order to enhance current community 
engagement efforts.
Trusted, accurate information on gene drives should 
be made available to the general public, journalists, 
and scientists who are not connected with the field. 
Those sources of information should also be able to 
summarize and analyze important scientific results 
and emerging issues in the field in order to place 
those developments in the proper context. Engage-
ment should involve more opportunities for participa-
tion of stakeholders in conceptualizing, planning, and 
decision-making.
Diversifying the source of funding for gene drive 
research and development, particularly by participa-
tion of countries and regional bodies, would show 
that country or regional interests are represented.
Efforts by developers and neutral groups to provide 
the public and decisionmakers with a more thorough 
understanding of the benefits and risks of this tech-
nology, especially to local communities, would help 
them reach more informed decisions.
A better understanding of gene drive technology can 
be fostered by governments, as part of established 
biosafety policy in several African countries. Devel-
opers and neutral groups could also be helpful in 
increasing public understanding of the technology of 
genetic engineering, including gene drives.
Effective messaging to balance the messaging of 
groups opposed to gene drives is needed. These mes-
sages should be not only factual but also have emo-
tional and intuitive appeal.

Keywords GE crops · Agricultural biotechnology · 
Gene drives · Lessons learned · Europe · Africa

Introduction

The development of genetically engineered gene 
drives offers a range of new applications of genetic 
engineering (GE) that have not been readily achiev-
able with this technology to date, particularly in 
the genetic engineering of populations. Currently, 
genetic engineering of populations has been primar-
ily achieved in agricultural settings (crop and live-
stock) through controlled crossing of individuals 
with the transgene of interest into desired genetic 
backgrounds. In GE crops, controlled breeding has 
been the means by which populations (cultivars and 

hybrids) for deployment to farmers have been pro-
duced. Informal selective breeding could also be the 
means by which desirable genes could be propagated 
throughout cultivars maintained by subsistence farm-
ers. However, the ability to increase frequencies of a 
desired transgene in natural populations has been lim-
ited to exploiting the selective advantage that it might 
confer. This mechanism would be the means by which 
a disease resistance gene could be deployed in an 
endangered uncultivated species, such as the Ameri-
can chestnut.1 This selective advantage would require 
many generations to achieve complete penetration of 
the gene throughout a population and would likely 
require a transgene with a strong selective advantage. 
Gene drives offer a more effective process for increas-
ing gene frequencies in populations through a rapid 
conversion of alleles. Thus, the reliance on natu-
ral selection to achieve high frequencies is replaced 
by mechanisms at the molecular level that confer a 
reproductive advantage to specific alleles.

The application of gene drives to achieve public 
health goals, such as the suppression of Anopheles 
gambiae populations or altering their ability to sus-
tain Plasmodium spp. infections, has received much 
attention from researchers. If successful, this genetic 
tool can contribute much to the wellbeing of people 
in regions severely affected by malaria. However, 
gene drives are a product of genetic engineering, and 
the experience to date, gained through the deploy-
ment of GE crops, is that GE technology has been 
slow to receive public acceptance in Africa, a key 
region for the deployment of gene drives. It is pos-
sible that the experience with GE crops in that region 
has laid the foundation for future resistance to other 
GE technologies. Therefore, it is useful to examine 
that past experience to capture any lessons that might 
be learned from it that could be used to improve pub-
lic acceptance of GE mosquitoes with gene drives, 
thereby improving the chances of regulatory and gen-
eral government approval by countries in the region.

This report will begin by surveying the status and 
history of GE crop deployment throughout the world, 
to provide the background context for this subject. 
This history of GE crops provides good analogs for 
gene drive development and deployment, since very 

1 https:// www. une. edu/ news/ 2019/ thomas- klaks- proje ct- resto 
re- ameri can- chest nut- tree- featu red- news- center- maines- 207.

https://www.une.edu/news/2019/thomas-klaks-project-restore-american-chestnut-tree-featured-news-center-maines-207
https://www.une.edu/news/2019/thomas-klaks-project-restore-american-chestnut-tree-featured-news-center-maines-207
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few GE organisms have been deployed on the same 
scale in the environment (albeit in managed rather 
than wild systems). Nevertheless, the amount of 
area over which GE crops have been deployed is on 
a scale like that which is anticipated for some gene 
drive applications. Other GE organisms that have 
been deployed for different fields of use, such as GE 
salmon and GE non-driving mosquitoes for control of 
arbovirus disease will not be covered directly, since 
the experience with these applications has not been 
as extensive. However, the issues pertaining to these 
cases largely overlap with those of GE crops.

While not dealt with in detail, the experience with 
non-driving GE mosquitoes will be briefly mentioned 
here. In those cases where non-driving GE mosqui-
toes engineered to control Aedes aegypti popula-
tions for prevention of arboviral diseases have been 
tested and released, acceptance has been mixed. 
Large scale release and field testing have been read-
ily allowed and accepted in Brazil, Panama and the 
Cayman Islands, but resisted in the United States 
(Berube 2020). In the case of GE Anopheles gambiae, 
contained experiments and one test of GE male ster-
ile mosquitoes have already received criticism from 
groups generally opposed to GE technology (Cisnetto 
and Barlow 2020). While these tests and releases of 
non-driving GE mosquitoes have been allowed by 
some regulatory jurisdictions, international regula-
tory policy has not yet coalesced into a standard set 
of regulatory requirements applicable to gene drives. 
The scientific achievements in this field are rapid 
and will present a challenge for regulatory agencies 
to keep pace, much in the same way that GE crops 
challenged regulatory systems in the past, especially 
in developing countries.

In this report, GE organisms are those that have 
genes inserted through recombinant DNA techniques. 
While organisms produced through gene editing 
might also be classified as GE in some jurisdictions, 
the experience with these organisms is still accu-
mulating, and their status in the public view as GE 
organisms is not yet clear. Therefore, information 
from experiences with gene edited organisms will not 
be covered.

GE crop adoption, their benefits, and their safety

Adoption of GE crops worldwide

Genetically engineered crops have received regula-
tory approvals and have been in commercial produc-
tion for 26  years, since the planting of the first GE 
soybean crop in 1996. As of 2018, 26 countries grew 
192 million hectares of GE crops, with the United 
States, Brazil, Argentina, Canada, and India account-
ing for the vast majority of that area. In addition to 
these countries, 44 are importing GE crops (Fig. 1). 
In Argentina, 18 million hectares of GE soybeans, 
5.5 million hectares of GE maize, and 0.37 million 
hectares of cotton were planted in 2018, at an adop-
tion rate (relative to total crop area) of 99% for GE 
herbicide tolerant soybeans, 97% for GE insect resist-
ant and herbicide tolerant maize, and 93% for insect 
resistant GE cotton (ISAAA 2018). In the United 
States, GE insect resistant and herbicide tolerant 
maize accounted for 92%, GE herbicide tolerant 
soybeans 94%, and GE insect resistant cotton 96% 
respectively, of the acreage planted in 20202,3. A 
striking feature of the map shown in Fig. 1 is the rela-
tive absence of European and African countries grow-
ing GE crops, or in the case of Africa, even importing 
them. One possible explanation for this phenomenon 
will be explored in this report and will also serve as 
the focus of the lessons learned from this field that 
could be applied to the research and development of 
gene drives.

Benefits of adoption of these crops

The high level of adoption throughout the world has 
resulted in significant socio-economic, health and 
environmental benefits. In 2018, farm income world-
wide from GE crops was US$18.95 billion, and the 
cumulative total income since 1996 was US$ 225 
billion, with half of that income earned by develop-
ing country farmers (Brookes and Barfoot 2020a). In 
fact, yield and profitability has proven to be higher 
in developing countries than in developed countries 

2 https:// www. ers. usda. gov/ webdo cs/ DataF iles/ 47649/ allta 
bles. xls?v= 6605.8.
3 https:// www. ers. usda. gov/ data- produ cts/ adopt ion- of- genet 
ically- engin eered- crops- in- the- us/ recent- trends- in- ge- adopt ion.

https://www.ers.usda.gov/webdocs/DataFiles/47649/alltables.xls?v=6605.8
https://www.ers.usda.gov/webdocs/DataFiles/47649/alltables.xls?v=6605.8
https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-in-ge-adoption
https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-in-ge-adoption
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(Carpenter 2010; Klümper and Quaim 2014). The 
GE crops in production today fall into two main cat-
egories—those expressing insect resistance and those 
expressing herbicide tolerance. These two categories 
have been the most extensively studied regarding 
their impacts and benefits.

Benefits of insect resistant crops

Since 1996, the use of insect resistant GE crops 
expressing various insecticidal proteins from the bac-
terium, Bacillus thuringiensis (Bt), has resulted in a 
775.4 million kg reduction in pesticide use (Brookes 
and Barfoot 2020b), and as a result, decreased the 
environmental impact associated with herbicide 
and insecticide used on these crops. They have also 
directly and indirectly reduced the exposure of farm-
ers who did not use them (Shelton et  al. 2002; Cat-
taneo et al. 2006; Hutchison et al. 2010; Kathage and 
Qaim 2012; Perry et  al. 2016; Dively et  al. 2018) 
(Brookes and Barfoot 2020b). The reduced expo-
sure presumably has long-term health benefits, but 
an immediate effect has also been experienced in the 
reduction of farmer pesticide poisonings, as has been 
reported for China, India, Pakistan and South Africa 

(Smyth 2020; and references therein, and Kouser 
et al. 2019). For insect resistant maize, human health 
benefits are also expected due to the reduction in lev-
els of mycotoxins, which are toxic—causing neural 
tube defects—and carcinogenic (Smyth 2020). These 
effects are particularly beneficial in those developing 
countries where maize is the staple food (for exam-
ple, Honduras, Macall et  al. 2020). Environmental 
benefits are expected from the reduction in chemical 
pesticide use, through the known impacts of these 
pesticides on wildlife (Siegrist and Hartmann 2020; 
Brookes and Barfoot 2020b; Brookes and Dinh 2020; 
Ahmed et  al. 2020). One expected impact of the 
reduction in chemical pesticide use is the increase 
in biodiversity, which has been observed in numer-
ous studies and summarized by Carpenter (2011). 
Furthermore, there is evidence that the use of insec-
ticide resistant crops not only reduces the amount of 
pesticide applied to that crop but also contributes to 
the reduction of pesticide applied generally (Wu et al. 
2008).

Increased yield and economic benefits of 
insect-resistant GE crops have been well-docu-
mented for developed countries, such as the United 
States (Fernandez-Cornejo and Caswell 2006; 

Fig. 1  Status of GE crop commercial deployment worldwide. Dark green countries growing and importing GE crops; light green 
countries importing GE crops. Source: (ISAAA 2018)
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Fernandez-Cornejo et  al. 2014). However, stud-
ies reporting the same benefits in developing coun-
tries have also been documented, including Bang-
ladesh (Shelton et  al. 2020; Ahmed et  al. 2020), 
India (Kathage and Qaim 2012), Pakistan (Kouser 
and Qaim 2014a, b), Honduras (Macall et al. 2020), 
South Africa (Ismael et al. 2002; Gouse et al. 2004; 
Hofs et al. 2006; Shew et al. 2021) and Burkina Faso 
(Hema et al. 2017; Bourgou et al. 2020).

Even in Europe, where only Spain and Portu-
gal have had significant experience with only one 
GE crop event (Sect.  “Regulatory status in Europe” 
below) economic and environmental benefits have 
been realized. Brookes (2019) reported that in the 
21  years since maize was first cultivated on the 
Iberian Peninsula, a total of 1.65 million hectares 
have been planted, with farmers benefiting from 
an increase in income of €285.4 million, primarily 
due to higher crop yields. Insecticide spraying has 
also decreased by 678,000  kg of active ingredient, 
with inferred decreases in environmental impact and 
health. Kovak et  al. (2021) calculate that cultivation 
of GE crops in Europe (soybean, maize, cotton, can-
ola, and sugarbeet) could have reduced the region’s 
greenhouse gas emissions by 33 million metric tons 
of  CO2 equivalents per year, or 7.5% of total EU agri-
cultural greenhouse gas emissions in 2017.

An interesting recent development has been the 
successful use of Bt cotton in the United States, in 
concert with classical pest control methods to eradi-
cate pink bollworm, a major pest of cotton (Tabash-
nik et al. 2021). This example illustrates the compat-
ibility of GE crops in an integrated pest management 
strategy to solve long-standing agricultural problems.

Benefits of herbicide tolerant crops

Crops genetically engineered to be tolerant to her-
bicides are the other major category. In contrast to 
insect-resistant crops, yield benefits have not been 
consistently observed (Fernandez-Cornejo and Cas-
well 2006; Carpenter 2010; Bonny 2011; Fernandez-
Cornejo et al. 2014; Klümper and Quaim 2014). The 
available data indicate that the yield advantage pro-
vided by herbicide tolerant crops are greater for devel-
oping country farmers than for their counterparts 
in developed countries (Carpenter 2010). Despite 
the mixed reports of yield advantages of herbicide 
tolerant crops, their continuing increased adoption 

indicates that benefits are derived from these crops 
other than yield alone. The reduced management cost 
of weed control made possible by these crops tips 
the balance sheet toward greater overall farm profit-
ability (Green 2012). Easier and more flexible weed 
control results in reduced on-farm management time 
(Sankula et al. 2005; Fernandez-Cornejo 2006; Des-
quilbet et al. 2019). Freeing up time provides conse-
quent benefits such as the opportunity for off-farm 
employment for farmers and spouses, leading to over-
all greater family income (Fernandez-Cornejo and 
Caswell 2006).

Herbicide tolerant crops also show economic 
advantages in Latin America and the United States 
when used in combination with other traits such as 
insect resistance (Committee on Genetically Engi-
neered Crops 2016; Brookes 2020; Macall et  al. 
2020). However, this advantage of combined traits 
appears to be less straightforward in developing coun-
tries (Afidchao et al. 2014). In Eastern Europe and the 
United States herbicide tolerance provides economic 
advantages when deployed in higher-yielding varie-
ties (Brookes 2020).

Environmental benefits of herbicide tolerant crops 
are primarily observed in two areas: (1) soil preser-
vation, reduced fuel consumption, and reduced green-
house gas emissions through conservation tillage 
practices, and (2) reduction in the environmental tox-
icity of the herbicides used in conjunction with those 
crops. Conservation tillage seeks ways to reduce the 
frequency or intensity of tillage, in order to preserve 
soil quality, reduce greenhouse gas emissions, and 
use of farm machinery (resulting in lower fuel usage) 
(UC Sustainable Agriculture Research and Educa-
tion Program 2017). Herbicide tolerant crops have 
become an important tool in this approach, enabling 
the increase in no-till acreage from 45 million hec-
tares to 111 million hectares in the decade from 1999 
to 2009 (Derpsch et al. 2010). This increase in no-till 
practices has meant a reduction in soil erosion and 
increased water conservation (Trigo 2011; Blanco-
Canqui and Wortmann 2020). Fuel consumption has 
also been greatly reduced, totaling 920 million liters, 
or the equivalent of 1.6 million cars removed from 
the road in 2018 alone (Brookes and Barfoot 2020b). 
Because the area planted with GE herbicide tolerant 
crops has increased, the amount of herbicide applied 
to crops has increased. However, herbicide use has 
shifted to less toxic active ingredients, in particular 
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glyphosate, resulting in a reduction in environmen-
tally adverse effects of herbicide use (Brookes and 
Barfoot 2020b).

Position of scientific societies and other organizations 
on the safety of GE crops

The safety of consuming foods derived from approved 
GE crops has been reviewed numerous times by a 
wide range of scientific bodies. These include the 
Society of Toxicology; the US National Academies 
of Sciences, Engineering, and Medicine; the Council 
on Agricultural Science and Technology; the Ameri-
can Association for the Advancement of Science; the 
World Health Organization; The Royal Society; and 
the American Medical Association (Hollingworth 
et  al. 2003; Phipps et  al. 2006; American Dietetic 
Association 2006; American Medical Association 
2012; Board of Directors of AAAS 2012; World 
Health Organization 2014; Committee on Geneti-
cally Engineered Crops 2016; The Royal Society 
2016). These organizations unanimously agree that 
food derived from approved GE crops is safe. Broader 
political support has also been expressed by a wide 
range of scientists. For example, several past winners 
of the Nobel Prize have expressed their support for 
agricultural biotechnology in an open letter addressed 
to opposition groups, governments, and the United 
Nations.4 Academic institutions with significant 
investment in agricultural research and development 
have also provided much information online to sup-
port the conclusion of safety of foods derived from 
GE crops.5

Opposition to GE crops in Europe and its impact 
on Africa

Continuing opposition

Despite the documented benefits to farmer income, 
health and the environment, and the high degree of 
agreement about the safety of GE crops that have 

been approved for public use, opposition to GE crops 
among consumers remains strong in many parts of 
the world, especially Europe6 (Zilberman et al. 2013; 
ISAAA 2018), with its consequent influence on 
Africa (Huffman et  al. 2003; Gheysen et  al. 2019). 
Despite the large body of scientific evidence, some 
European scientists continue to strongly question the 
food and environmental safety of these crops (Hilbeck 
et al. 2015, 2020).

Europe retains a precautionary stance to newer 
technologies, such as gene edited crops (van der 
Meer et al. 2020). In the case of France, this has even 
extended to the capturing of new herbicide-tolerant 
varieties created by random mutagenesis as GE7, even 
though such plants have historically been considered 
products of traditional breeding.

Regulatory status in Europe

Regulatory restrictions on GE crops in Europe is 
especially evident in the lack of authorization to cul-
tivate these crops. Europe’s regulatory system grants 
authorization for growing GE at the European Union 
level,8 but individual member states can prohibit 
growing them in their jurisdiction. Authorization to 
grow GE crops has been difficult to obtain in Europe, 
with only eleven products (“events”9) having received 
such authorization: seven carnation, one cotton, two 
maize, and one potato.10

However, only one event, an insect-resistant maize 
(event MON810), is currently being grown in the 

4 https:// suppo rtpre cisio nagri cultu re. org/ nobel- laure ate- gmo- 
letter_ rjr. html.
5 see for example, https:// www. canr. msu. edu/ news/ are- gmos- 
safe.

6 This does not imply that there is no opposition in other coun-
tries. Analyses of attitudes has toward GE crops been con-
ducted in recent years for the United States (Hasell et al. 2020), 
China (Xu et  al. 2020), and India (Navneet 2020). Interest-
ingly, in the light of GE organisms containing gene drives, GE 
crops and other “traditional” transgenic products recently seem 
to be viewed in a more benign light, due to their familiarity, 
even by long-term opponents of GEOs (Dolezel et al. 2020).
7 https:// www. conse il- etat. fr/ resso urces/ decis ions- conte ntieu 
ses/ derni eres- decis ions- impor tantes/ conse il-d- etat-7- fevri er- 
2020- organ ismes- obten us- par- mutag enese.
8 https:// ec. europa. eu/ food/ plants/ genet ically- modifi ed- organ 
isms/ gmo- autho risat ion_ en.
9 Approvals of GE products are issued for “events”, i.e. an ini-
tial molecular insertion into a plant and subsequent offspring 
derived from sexual reproduction or asexual propagation.
10 http:// www. isaaa. org/ gmapp roval datab ase/ advse arch/ defau 
lt. asp? CropID= Any& Trait TypeID= Any& Devel operID= Any& 
Count ryID= EU& Appro valTy peID=3.

https://supportprecisionagriculture.org/nobel-laureate-gmo-letter_rjr.html
https://supportprecisionagriculture.org/nobel-laureate-gmo-letter_rjr.html
https://www.canr.msu.edu/news/are-gmos-safe
https://www.canr.msu.edu/news/are-gmos-safe
https://www.conseil-etat.fr/ressources/decisions-contentieuses/dernieres-decisions-importantes/conseil-d-etat-7-fevrier-2020-organismes-obtenus-par-mutagenese
https://www.conseil-etat.fr/ressources/decisions-contentieuses/dernieres-decisions-importantes/conseil-d-etat-7-fevrier-2020-organismes-obtenus-par-mutagenese
https://www.conseil-etat.fr/ressources/decisions-contentieuses/dernieres-decisions-importantes/conseil-d-etat-7-fevrier-2020-organismes-obtenus-par-mutagenese
https://ec.europa.eu/food/plants/genetically-modified-organisms/gmo-authorisation_en
https://ec.europa.eu/food/plants/genetically-modified-organisms/gmo-authorisation_en
http://www.isaaa.org/gmapprovaldatabase/advsearch/default.asp?CropID=Any&TraitTypeID=Any&DeveloperID=Any&CountryID=EU&ApprovalTypeID=3
http://www.isaaa.org/gmapprovaldatabase/advsearch/default.asp?CropID=Any&TraitTypeID=Any&DeveloperID=Any&CountryID=EU&ApprovalTypeID=3
http://www.isaaa.org/gmapprovaldatabase/advsearch/default.asp?CropID=Any&TraitTypeID=Any&DeveloperID=Any&CountryID=EU&ApprovalTypeID=3
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EU, and only in two member states, Spain and Por-
tugal. Spain has been cultivating this event since 
1998, and Portugal since 2012 (Fernandes et  al. 
2014; Brookes 2019; Brookes and Barfoot 2020b). In 
the past, MON810 was grown in as many as four of 
the EU member states during 2015 and 2016 but by 
2017 only Spain and Portugal continued this cultiva-
tion (Rostoks et al. 2019). Some have argued that the 
restrictions on GE crops has had a negative impact on 
European agriculture (Stanciu and Sarbu 2019)11, 12.

Opposition to the authorization of these crops con-
tinues in the European Parliament, which as recently 
as November 4, 2020, adopted a resolution calling 
on the European Commission not to authorize plac-
ing on the market any GE plants containing genes that 
confer antibiotic resistance, which are often used as 
a selectable marker in the transformation process13. 
This prohibition would effectively stop all imports of 
genetically engineered soybeans and maize—com-
modities that are key components of animal feed—
into the EU (European Parliament 2020). This recent 
resolution highlights the ongoing tension between the 
political and scientific considerations surrounding 
the approval of GE organisms in Europe, due to the 

legally inherent involvement of both components in 
the decision-making process14.

A major source of opposition to GE crops in 
Europe is a view of agriculture that differs from coun-
tries such as the United States, where production of 
GE crops is highest (Zilberman et  al. 2013; Lucht 
2015). The latter emphasizes higher reliance on inten-
sification and technology, while the former is more 
resistant to its use (Pratt 2020). The increasing influ-
ence of the agroecology15 movement exemplifies this 
view. Agroecology and organic farming hold a key 
position in the European Biodiversity Strategy (Euro-
pean Commission 2020a). The competition from 
cheaper agricultural produce from countries such as 
the United States, produced by more intensive meth-
ods, therefore threatens the European vision for agri-
culture, and underlies much of the opposition to GE 
crops (Juma 2016).

Europe’s approach to agriculture is primarily con-
tained in its Common Agricultural Policy (CAP), 
which since 2010 has increasingly included elements 
that are designed to address environmental and social 
challenges in addition to production and market con-
cerns. This direction appears to align well with the 
wishes of the European public, despite the conflicting 
goals of agricultural productivity and environmental 
concerns represented by different committees con-
tributing the formulation of that policy (Pe’er et  al. 
2019). A major feature of the CAP, direct payments 
to farmers, amounted to almost 70% of the budget for 
implementing the policy in 2017 (Pe’er et al. 2019). 
Consequently, it can be argued that the European 
agricultural policy does not provide strong incentives 
for efficient agricultural production. It is therefore no 
surprise that the CAP has played an important role 
in encouraging organic agriculture among its mem-
ber states16. Since organic standards prohibit the use 
of GE crops in their production systems, the organic 
agriculture section stands strongly opposed to the 
introduction of these crops.

11 When it was a member of the European Union, the United 
Kingdom was generally aligned with this more precaution-
ary approach. However, since that country’s departure from 
the EU, there could be a change in its regulatory attitude. A 
report published by the UK’s Regulatory Horizons Council 
(Leurs 2021) shows a willingness to re-examine the regula-
tory approach to genetic technologies, focused on agricultural 
applications.
12 Although cultivation of GE crops is limited in the EU, there 
are over 50 GE plant events that are authorized in the EU for 
food and feed import and processing (https:// ec. europa. eu/ 
food/ plant/ gmo/ eu_ regis ter_ en; https:// webga te. ec. europa. 
eu/ dyna/ gm_ regis ter/ index_ en. cfm). In fact, animal feed in 
Europe is highly dependent upon the import of these GEOs 
(https:// tilly metz. lu/ wp- conte nt/ uploa ds/ 2020/ 09/ Co- signed- 
letter- MEP- Metz. pdf). Therefore, there are products in Europe 
that contain GE components, and it would be of interest to 
determine whether the European consumer deliberately avoids 
these products, or is unaware that that they might be consum-
ing such products if they do not reach the threshold for labeling 
of 0.9% (https:// eur- lex. europa. eu/ legal- conte nt/ EN/ TXT/? uri= 
celex: 32003 R1830).
13 The most commonly used, npt2, has been judged safe by 
the European Food Safety Authority, https:// efsa. onlin elibr ary. 
wiley. com/ doi/ abs/ 10. 2903/j. efsa. 2007. 742

14 See https:// ec. europa. eu/ food/ plant/ gmo/ autho risat ion/ decis 
ion_ making_ proce ss_ en for a graphical representation.
15 https:// www. soila ssoci ation. org/ causes- campa igns/a- ten- 
year- trans ition- to- agroe cology/ what- is- agroe cology.
16 https:// www. organ icseu rope. bio/ what- we- do/ cap- and- rural- 
devel opment/.

https://ec.europa.eu/food/plant/gmo/eu_register_en
https://ec.europa.eu/food/plant/gmo/eu_register_en
https://webgate.ec.europa.eu/dyna/gm_register/index_en.cfm
https://webgate.ec.europa.eu/dyna/gm_register/index_en.cfm
https://tillymetz.lu/wp-content/uploads/2020/09/Co-signed-letter-MEP-Metz.pdf
https://tillymetz.lu/wp-content/uploads/2020/09/Co-signed-letter-MEP-Metz.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32003R1830
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32003R1830
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2007.742
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2007.742
https://ec.europa.eu/food/plant/gmo/authorisation/decision_making_process_en
https://ec.europa.eu/food/plant/gmo/authorisation/decision_making_process_en
https://www.soilassociation.org/causes-campaigns/a-ten-year-transition-to-agroecology/what-is-agroecology
https://www.soilassociation.org/causes-campaigns/a-ten-year-transition-to-agroecology/what-is-agroecology
https://www.organicseurope.bio/what-we-do/cap-and-rural-development/
https://www.organicseurope.bio/what-we-do/cap-and-rural-development/
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The CAP is influenced by other policy initiatives, 
including the Biodiversity Strategy mentioned above, 
as well as the Farm to Fork strategy for agriculture 
(European Commission 2020b), part of the European 
Green Deal17. These policies give further prominence 
to environmental concerns in European production 
agriculture relative to agricultural policies in other 
parts of the world. The strategy also requires that 
places where food is sourced also adhere to European 
standards, forcing suppliers in Africa, for example, to 
adopt the same policies in order to do business with 
European markets.

The effect of EU policies on African regulatory 
decisions

African countries are especially subject to the poli-
cies implemented in Europe, due to the size of the 
market that the latter represents. Consequently, deci-
sions have been made by African governments that 
might seem detrimental to the well-being of their 
people but were probably shaped at least in part by 
the economic power of the European market, which 
has a strong preference for non-GE foods. An exam-
ple of such a decision is provided below. This prefer-
ence is held by a food-secure public that can afford 
to pay for it (Huffman et al. 2003). In a recent book, 
South African molecular biologist Jennifer Thomson 
attributed the high degree of European influence on 
African policies to its historical colonial involvement 
with Africa, and continuing aid, trade and educational 
involvement with the continent (Thomson 2021). 
Indeed, Africa and the European Union have joint 
strategic objectives that reflect the shared “rich his-
tory with EU countries, but also common values and 
interests” (European Commission 2019). Thomson’s 
analysis supports earlier work by Paarlberg, who 
argued that developed country attitudes were prevent-
ing African countries from receiving the benefits of 
this technology (Paarlberg 2009).

An illustration of this influence on African poli-
cies can be seen in certain countries’ response to food 
aid two decades ago, with continuing effects today. 
In 2002, Southern Africa (Zambia, Mozambique, 
Malawi, Zimbabwe, Swaziland and Lesotho) faced a 

food crisis (Huffman et al. 2003; Dorward and Kydd 
2004; Zerbe 2004). More than 15 million people 
faced imminent hunger while 3 million faced starva-
tion due to several factors, including climate (lead-
ing to drought), HIV/AIDS, structural adjustment, 
debt, collapsing public services, and poor governance 
(Huffman et al. 2003; Zerbe 2004). Despite this cri-
sis, these six nations rejected food aid in the form of 
maize (a staple crop in that region) because the maize, 
which came from the United States, was genetically 
engineered. This decision was taken despite assur-
ances of safety by the United Nations World Food 
Programme, which was responsible for distributing 
the aid18,19. Juma (2016) attributed this decision in 
part to diplomatic pressure from the EU, leveraged 
by their trade ties. More specifically, Huffman et  al. 
(2003) ascribed the refusal of the transgenic maize to 
the fear that Europe would ban African agricultural 
exports if they became contaminated with GE maize 
components. On the other hand, some critics of the 
food aid (Zerbe 2004) argued that it was the United 
States that was exploiting this situation as a means 
of promoting biotechnology in Southern Africa, thus 
advancing the dependence on US-based multinational 
companies, weakening local production capacity and 
ultimately making food insecurity worse. Activist 
groups also charged the United States with using the 
donations to dump unsold maize20. There was also a 
successful campaign by non-governmental organiza-
tions such as Greenpeace to characterize the maize as 
“Frankenfoods” (Huffman et  al. 2003). This refusal 
of GE maize has continued, with Zimbabwe only 
recently easing its position, once again because of 
impending famine21,22.

This slow adoption of GE crops in Africa (Fig. 1), 
has had an economic cost as well, in terms of fore-
gone benefits. The cost of delay in realizing the 

20 https:// www. thegu ardian. com/ scien ce/ 2002/ oct/ 07/ gm. fam-
ine.
21 https:// daily news. co. zw/ govt- lifts- ban- on- gmo- maize/ 
https:// www. newzi mbabwe. com/ starv ing- zim- recon siders- 
produ cing- genet ically- modifi ed- crops.
22 https:// www. newzi mbabwe. com/ starv ing- zim- recon siders- 
produ cing- genet ically- modifi ed- crops/.

17 https:// ec. europa. eu/ info/ strat egy/ prior ities- 2019- 2024/ 
europ ean- green- deal_ en.

18 http:// www. fao. org/ engli sh/ newsr oom/ news/ 2002/ 8660- en. 
html.
19 https:// docum ents. wfp. org/ stell ent/ groups/ public/ docum 
ents/ newsr oom/ wfp07 6534. pdf.

https://www.theguardian.com/science/2002/oct/07/gm.famine
https://www.theguardian.com/science/2002/oct/07/gm.famine
https://dailynews.co.zw/govt-lifts-ban-on-gmo-maize/https://www.newzimbabwe.com/starving-zim-reconsiders-producing-genetically-modified-crops
https://dailynews.co.zw/govt-lifts-ban-on-gmo-maize/https://www.newzimbabwe.com/starving-zim-reconsiders-producing-genetically-modified-crops
https://dailynews.co.zw/govt-lifts-ban-on-gmo-maize/https://www.newzimbabwe.com/starving-zim-reconsiders-producing-genetically-modified-crops
https://www.newzimbabwe.com/starving-zim-reconsiders-producing-genetically-modified-crops/
https://www.newzimbabwe.com/starving-zim-reconsiders-producing-genetically-modified-crops/
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
http://www.fao.org/english/newsroom/news/2002/8660-en.html
http://www.fao.org/english/newsroom/news/2002/8660-en.html
https://documents.wfp.org/stellent/groups/public/documents/newsroom/wfp076534.pdf
https://documents.wfp.org/stellent/groups/public/documents/newsroom/wfp076534.pdf
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benefits of this technology has been calculated by 
Wesseler et al. (2017). These authors analyzed three 
crops—cowpea, maize, and banana (matooke)—with 
respect to economic and nutritional benefit (translated 
to economic terms), in Benin, Niger, Nigeria, Kenya, 
and Uganda. A one-year delay in the deployment 
of cowpea in the three West African countries cost 
US$64 million combined foregone economic benefit, 
and US$50 million to US$97 million for a one-year 
delay in deployment of maize and matooke in Kenya 
and Uganda, respectively.

Movement by African countries to develop more 
GE-friendly agricultural policies

However, there are indications that some African 
countries are now realizing the need to develop genet-
ically engineered crops through their own efforts, to 
suit their own needs. Disease resistant bananas, insect 
resistant cowpea, virus resistant cassava and maize, 
drought tolerant maize, and late blight resistant potato 
are currently in development on the continent, to 
meet challenges that African farmers are experienc-
ing in crops that are consumed by Africans (Thom-
son 2021). In contrast to the corporate funding that 
has driven most GE crops to date, these projects have 
been developed with funding from governments or 
private donors, with the participation of scientists at 
national government-supported research institutions. 
Likewise, regulatory instruments are being estab-
lished that achieve the national goals of African coun-
tries. For example, Kenya, Nigeria, and Eswatini are 
developing policies that would allow them to evaluate 
and regulate gene edited and gene drive organisms, 
and not waiting for developments in Europe or else-
where to dictate those policies (Meeme 2021). Kenya 
is also enacting reforms in its agricultural sector that 
would encourage the use of Bt cotton to strengthen 
the country’s position in fiber crops.23

Developing opposition to gene drives in Europe

Consistent with attitudes toward GE crops, some 
advocacy groups report that public attitudes in 
Europe currently are overwhelmingly critical of gene 

drives (Duboua-Lorsch 2021), with 70% opposed to 
the release of these organisms into the environment, 
and that any release should be postponed until they 
are proven harmless to biodiversity, health, agricul-
ture, or peace24. Activism in Europe is organizing 
against this technology25. Activist groups have been 
successful in convincing the European Parliament to 
call for a global moratorium on the release of gene 
drives, including experimental releases, at the upcom-
ing Conference of the Parties of the Convention on 
Biological Diversity (as of this writing, planned for 
the latter half of 2022)26, 27.

Movement by African countries to develop more 
GE-friendly public health policies

Paralleling the apparent African shift in attitudes to 
genetically engineered crops, there is also a trend 
toward policies that allow a more favorable view of 
GE technology in the area of public health, particu-
larly gene drive applications. For example, the Afri-
can Union High Level Panel on Emerging Technolo-
gies urged in a report that African member states 
should support laboratory, field and semi-field stud-
ies to evaluate the potential of gene drives to contrib-
ute to the elimination of malaria in Africa, and sup-
port research that would lead to optimization of this 
technology (African Union and NEPAD 2018). This 
report received political strength through its endorse-
ment by the African Union Executive Council28. 
Consistent with the report, the African Union Devel-
opment Agency-New Partnership for Africa’s Devel-
opment (AUDA-NEPAD) established the West Africa 
Integrated Vector Management platform (WAIVM), 
which has been developing guidelines for African 
countries to follow when establishing regulations for 

23 https:// www. isaaa. org/ kc/ cropb iotec hupda te/ artic le/ defau lt. 
asp? ID= 18716.

24 https:// www. polli nis. org/ admin/ wp- conte nt/ uploa ds/ 2021/ 
01/ resul tats- sonda ge- forca ge- genet ique. pdf.
25 see for example https:// www. stop- gened rives. eu.
26 https:// www. europ arl. europa. eu/ doceo/ docum ent/ TA-9- 
2020- 0015_ EN. html.
27 https:// www. stop- gened rives. eu/ en/ europ ean- parli ament- 
calls- for-a- global- gene- drive- morat orium/
28 https:// au. int/ sites/ defau lt/ files/ decis ions/ 33909- ex_ cl_ decis 
ions_ 986- 1007_e. pdf.

https://www.isaaa.org/kc/cropbiotechupdate/article/default.asp?ID=18716
https://www.isaaa.org/kc/cropbiotechupdate/article/default.asp?ID=18716
https://www.pollinis.org/admin/wp-content/uploads/2021/01/resultats-sondage-forcage-genetique.pdf
https://www.pollinis.org/admin/wp-content/uploads/2021/01/resultats-sondage-forcage-genetique.pdf
https://www.stop-genedrives.eu
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0015_EN.html
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0015_EN.html
https://www.stop-genedrives.eu/en/european-parliament-calls-for-a-global-gene-drive-moratorium/
https://www.stop-genedrives.eu/en/european-parliament-calls-for-a-global-gene-drive-moratorium/
https://au.int/sites/default/files/decisions/33909-ex_cl_decisions_986-1007_e.pdf
https://au.int/sites/default/files/decisions/33909-ex_cl_decisions_986-1007_e.pdf
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research and development of integrated vector man-
agement tools, including gene drives29.

The malaria burden in Europe, where there have 
been no reported indigenous cases since 2014 and no 
indigenous deaths from 2000 to 2019 (World Health 
Organization 2020), is minimal compared to Africa. 
With this in mind, African scientists are also becom-
ing more willing to address the inconsistency between 
European policy objectives and needs of their own 
continent. For example, one recent op-ed article by a 
Tanzanian malaria researcher30 points out that.

“Decisions made in Europe have ramifications 
for Africa and beyond, and by clearing the path 
for innovation, the European Parliament can set 
a precedent for supporting scientists. They can 
choose science over fear; and a shared responsi-
bility over narrow ideology.”
— Fredros Okumu, Ifakara Health Institute, 
Tanzania

Lessons learned

Given the documented benefits that have been attrib-
uted to GE crops, one would expect that adoption of 
this technology by the public would be rapid. Like-
wise, one would expect that gene drive technology 
as a tool for eliminating malaria would be readily 
adopted as well. However, this expectation is often 
not realized for new technologies or solutions. Everett 
Rogers, developer of a theoretical framework called 
“Diffusion of Innovation Theory” reminds us that.

“Many technologists believe that advantageous 
innovations will sell themselves, that the obvi-
ous benefits of a new idea will be widely real-
ized by potential adopters, and that the inno-
vation will diffuse rapidly. Seldom is this the 
case.”
— Rogers (2003)

This section therefore focuses on examining the 
factors leading to the lack of public acceptance of 
GE crops in Europe, since acceptance in that region 

affects its policies and consequently Africa. Because 
of the impact of Europe on African policies on GE 
technologies in general, European attitudes could also 
affect the acceptance of new advances in the field that 
hold promise for addressing some of Africa’s most 
intractable health problems.

Mistrust of government regulatory agencies

In the 1980’s and 1990’s, at the time when GE crops 
were being tested and eventually deployed on a com-
mercial scale, major failures of the regulatory sys-
tem of several developed countries, in particular in 
Europe, served to erode the public trust in regulatory 
decisions and the ability of government regulators to 
assure safety. The first of these was the contamina-
tion, with Human Immunodeficiency Virus, of blood 
used for transfusions in many countries, including 
the United Kingdom, France, Germany, Switzer-
land, Denmark, Japan, Canada, and the United States 
(Weinberg et al. 2002). Investigations into these cases 
resulted in criminal convictions for several officials in 
Western Europe and Japan.

Then in 1996, at the time when GE crops were first 
grown in the field in the United States, thus present-
ing the possibility that genetically engineered compo-
nents could also be part of the food supply in Europe, 
the Secretary of State for Health in the United King-
dom warned of a possible link between Bovine 
Spongiform Encephalitis (BSE) and a new strain of 
Creutzfeldt-Jakob disease31. Despite reassurances 
from the Secretary that “the risk from eating beef is 
now likely to be extremely small”, he did propose 
some precautionary measures. While objectively, the 
risk appeared to be low, media and public perceptions 
of risk were much higher. The lack of a timely gov-
ernment response, and mishandling of communica-
tion, led to a mistrust of the reassurances of scientists 
and the widespread concern about the safety of beef 
in the country (Lanska 1998; O’Brien 2000). While 
the role of government in the case of GE crops dif-
fered from its role in the BSE case, it can be argued 
that the mistrust of any government decisions on the 
safety of a controversial product, such as GE foods, 

29 https:// www. nepad. org/ news/ west- africa- integ rated- vector- 
manag ement- steer ing- commi ttee- adopt ed- workp lan- and.
30 https:// www. eurac tiv. com/ secti on/ health- consu mers/ opini 
on/ how- bruss els- can- help- or- hinder- the- fight- again st- malar ia/.

31 https:// api. parli ament. uk/ histo ric- hansa rd/ commo ns/ 1996/ 
mar/ 20/ bse- health.

https://www.nepad.org/news/west-africa-integrated-vector-management-steering-committee-adopted-workplan-and
https://www.nepad.org/news/west-africa-integrated-vector-management-steering-committee-adopted-workplan-and
https://www.euractiv.com/section/health-consumers/opinion/how-brussels-can-help-or-hinder-the-fight-against-malaria/
https://www.euractiv.com/section/health-consumers/opinion/how-brussels-can-help-or-hinder-the-fight-against-malaria/
https://api.parliament.uk/historic-hansard/commons/1996/mar/20/bse-health
https://api.parliament.uk/historic-hansard/commons/1996/mar/20/bse-health
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had an impact on the public view of the acceptability 
of that product.

Therefore, public faith in the assurances of safety 
from regulatory officials was already low when the 
first GE product, a canned tomato purée produced by 
the British multinational company, Zeneca (now part 
of Astra-Zeneca), went on the market in 1996. Recep-
tion was mixed. The UK supermarket chains Sains-
bury and Safeway sold the product, but a competi-
tor, Tesco announced that it would not be offering it 
(BBC Home 1996; Bruening and Lyons 2000). The 
product remained on supermarket shelves for a few 
years, with sales of 1.8 million cans clearly labeled as 
produced from genetically engineered tomatoes (Bru-
ening and Lyons 2000). However, that product even-
tually disappeared.

While the incidents described above might account 
for the general public mistrust in government in 
Europe, that mistrust also existed in the United States, 
despite that country’s leadership in the commercial 
deployment of genetically engineered crops, and with 
no particular triggering events. In the United States in 
1987, the United States Office of Technology Assess-
ment conducted a survey that asked the question, 
“Suppose a Federal agency reported that the use of 
a genetically altered organism did not pose a signifi-
cant risk to your community but a national environ-
mental group said it did pose a significant risk. Would 
you tend to believe the Federal agency or the national 
environmental group?” Sixty-three percent chose to 
trust the environmental group over the government 
agency, while only 26% chose the latter over the for-
mer (US Congress, OTA 1987).

Mistrust of governments’ ability to properly regu-
late gene drives is also an area of concern for devel-
opers of this technology. In a survey of Nigerian 
scientists to gauge their attitudes toward the release 
of genetically engineered mosquitoes in Africa, the 
Nigerian government was the least trusted to assess 
the safety of these organisms (Okorie et  al. 2014). 
This survey was taken prior to the publication of the 
proof-of-concept work on gene drives, and much 
information about gene drives has become known 
both in the scientific literature and the popular press 

since then. It would be interesting to find out if these 
attitudes have persisted in the intervening years32.

Therefore, it is critical that there is a high level 
of confidence in the regulatory system of coun-
tries that make the decisions on the deployment of a 
gene drive intervention. This goal will be difficult to 
achieve with gene drives. As the survey mentioned 
above indicates, there could be doubt among scien-
tists regarding the ability of the government, at least 
in Nigeria, to properly regulate gene drive technol-
ogy. It should be noted that Nigeria has one of the 
best-established regulatory systems for GE organ-
isms in Africa33. If there is doubt among scientists 
about the capabilities of that country’s regulatory 
system, the capability of other countries on the con-
tinent could be even more in question by this group 
or the general public. It is possible that the opinions 
of scientists in Nigeria could have changed with the 
coming into force of the Nigerian National Biosafety 
Act in 2015, the year following the survey conducted 
above, and the consequent establishment of the Nige-
rian National Biosafety Management Agency. While 
there are African countries that could be viewed as 
well-equipped to handle technologies such as gene 
drives (i.e. Kenya, South Africa, Ghana, and Burkina 
Faso in addition to Nigeria), there are other countries 
that are less experienced, and may not inspire confi-
dence in regulatory decisions. Groups opposing the 
deployment of GE organisms in Africa, including 
gene drives, often highlight this lack of experience. A 
group opposed to GE crops has stated,

“African nations lack the expertise, equipment, 
infrastructure, legislation and regulatory sys-
tems to implement effective biosafety measures 
for GE crops. They also lack the funds to build 
these up and will therefore have to look for out-
side funding, which will increase their already 
heavy foreign debt loads. Should the develop-
ment of GE agriculture really be a priority for 
African governments at this point in time?”
-Zachary Mukanya, GRAIN34

32 One recent informal follow-up of the Okorie et al. work can 
be found at https:// thoug htlea der. co. za/ do- afric ans- need- genet 
ically- modifi ed- mosqu itoes/.
33 https:// nbma. gov. ng.
34 https:// grain. org/ artic le/ entri es/ 427- twelve- reaso ns- for- 
africa- to- reject- gm- crops.

https://thoughtleader.co.za/do-africans-need-genetically-modified-mosquitoes/
https://thoughtleader.co.za/do-africans-need-genetically-modified-mosquitoes/
https://nbma.gov.ng
https://grain.org/article/entries/427-twelve-reasons-for-africa-to-reject-gm-crops
https://grain.org/article/entries/427-twelve-reasons-for-africa-to-reject-gm-crops
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An additional objection raised by opponents has 
been the susceptibility of African governments to the 
pressure exerted by industry and private donors to 
adopt the technology:

“The picture on GE cultivation bans across 
Africa is not clear due to the current pressure 
being put on many African governments by 
the Biotech industry and the Gates Founda-
tion to lift long-standing bans on the import of 
unmilled GMO35 seeds or unmilled GMO food 
aid…”
-Sustainable Pulse36

This implied weakness of African governments 
undermines the trust in those governments’ decsions.

The apparent novelty of gene drives also places 
doubt on the adequacy of governance mechanisms for 
this technology, especially for national approaches. 
Challenges to proper governance of this technology 
has been acknowledged by governments and research 
groups (National Academies of Sciences, Engineer-
ing, and Medicine 2016; Adelman et  al. 2017; Del-
borne et  al. 2018), and has highlighted the need for 
a regional approach to regulation (Marshall 2010; 
Brown 2017; James et  al. 2018; Warmbrod et  al. 
2020; Kelsey et al. 2020). African scientists have also 
indicated their concern regarding the ability of exist-
ing systems to govern gene drives (Hartley 2021). 
These concerns arise because gene drives have been 
contrasted to earlier types of GE organisms in agri-
culture. The latter pose primarily local safety issues, 
while risks associated with the former have been 
speculated to be larger in scale, more extensive in 
potential ecological impacts, and more likely to trig-
ger social issues (Reynolds 2020).

An important prerequisite for trust in the regula-
tory system is the existence of an established legal 
pathway in each country where interventions will be 
deployed, to allow the steps along the research and 
development pathway to proceed. A prominent exam-
ple of this requirement is the long history of efforts 
to pass a biosafety law in Uganda. Since 2013, the 
country has struggled to pass this law, in order to 

make possible the progress of GE crop deployment 
beyond the field trial stage. Activities from laboratory 
through field trials are considered research and there-
fore conducted under the authority of the Uganda 
National Council for Science and Technology, 
through the National Biosafety Committee, which is 
housed within the Council37. However, further devel-
opment of GE crops goes beyond the authority of this 
council and cannot proceed without a law in place. 
The country has so far been unable to bring such a 
law into force, despite being brought twice to the 
point of Presidential signature. The inability to obtain 
the President’s signature has been blamed on pres-
sure from groups opposing GE crops, who claimed 
they were harmful and did not benefit local farmers 
(Thomson 2021). This inability to establish a law is in 
part responsible for Ugandan scientist concerns about 
the ability of the country to properly assess and regu-
late gene drives (Hartley 2021). Some of this concern 
might be alleviated by more recent developments by 
the Ugandan National Environmental Management 
Agency, which sees a pathway to regulating deploy-
ment and commercialization through the country’s 
Environmental Management Act38 (Government of 
Uganda 2019).

Finally, trust in regulators and scientists is built 
through an engagement process that gives stakehold-
ers meaningful opportunities to contribute to policies 
that affect them. This is an area that has been noted 
as critical in the development of gene drive technol-
ogy (National Academies of Sciences, Engineering, 
and Medicine 2016; Kolopack and Lavery 2017; 
James et al. 2018; Resnik 2018). It has received much 
attention from many different groups that are associ-
ated with gene drives. Efforts at public consultations, 
particularly in Africa, have been conducted in four 
regions by the African Union Development Agency-
New Partnership for Africa’s Development (Glover 
et  al. 2018; Teem et al. 2019), and with stakeholder 
groups by technology developers and other research-
ers (Marshall et al. 2010; Finda et al. 2020; MacDon-
ald et  al. 2020; Hartley 2021; Thizy et  al. 2021; de 
Graeff et al. 2021).

35 GMO is synonymous with the term “GE organism used in 
this paper.
36 https:// susta inabl epulse. com/ 2015/ 10/ 22/ gm- crops- now- 
banned- in- 36- count ries- world wide- susta inable- pulse- resea rch/.

37 https:// www. uncst. go. ug/ natio nal- biosa fety- commi ttee/.
38 https:// genet iclit eracy proje ct. org/ 2020/ 07/ 13/ uganda- propo 
ses- stop- gap- rules- to- regul ate- and- block- gmo- crops- that- 
could- be- broug ht- illeg al- across- the- kenyan- border/.

https://sustainablepulse.com/2015/10/22/gm-crops-now-banned-in-36-countries-worldwide-sustainable-pulse-research/
https://sustainablepulse.com/2015/10/22/gm-crops-now-banned-in-36-countries-worldwide-sustainable-pulse-research/
https://www.uncst.go.ug/national-biosafety-committee/
https://geneticliteracyproject.org/2020/07/13/uganda-proposes-stop-gap-rules-to-regulate-and-block-gmo-crops-that-could-be-brought-illegal-across-the-kenyan-border/
https://geneticliteracyproject.org/2020/07/13/uganda-proposes-stop-gap-rules-to-regulate-and-block-gmo-crops-that-could-be-brought-illegal-across-the-kenyan-border/
https://geneticliteracyproject.org/2020/07/13/uganda-proposes-stop-gap-rules-to-regulate-and-block-gmo-crops-that-could-be-brought-illegal-across-the-kenyan-border/
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Therefore, it will be important to establish trust 
in those who are developing the technology, as well 
as in those who are making regulatory decisions. 
Engagement of the community, where those who 
are involved can make genuine contributions to the 
decision-making process, are necessary for gene drive 
technology to be accepted. The community engage-
ment efforts mentioned above are designed to under-
stand what community attitudes are, thus providing 
stakeholders an opportunity for their opinions to be 
heard and for gene drive developers to determine 
ways to communicate more effectively with them. 
However, more active engagement in planning and 
decision-making could improve the level of trust from 
communities as well. This type of engagement can 
be achieved through a process called “participatory 
modeling”. In this process, complex problems involv-
ing social and environmental impacts are solved in 
a collaborative manner, using various modeling and 
visualization tools, and involving expert modelers, 
scientists, community members, and public officials. 
These groups participate in the building of a model to 
conceptualize a problem, interpret the results of the 
model, and use it to support decision-making (Zell-
ner et al. 2012; Gray et al. 2018; Voinov et al. 2018; 
Aminpour et al. 2020; Hedelin et al. 2021).

Scientific publications claiming adverse effects of 
GEOs

The mistrust of regulatory agencies and the science 
behind genetic engineering was exacerbated by key 
scientific publications that contributed to the view 
that GE crops were harmful to human health or the 
environment.

A paper by Losey et al. (1999) that raised 
the possibility that maize expressing Bacillus 
thuringiensis (Bt) proteins were harming populations 
of monarch butterflies

A few years after the first Bt maize products were 
approved and introduced, a laboratory study (Losey 
et al. 1999) reported that monarch butterfly (Danaus 
plexippus) larval survival after four days of feed-
ing on milkweed leaves dusted with pollen from Bt 
maize was almost half of that observed for larvae fed 
on control (non-transgenic and non-isogenic) maize 
leaves. This paper was widely publicized and resulted 

in a joint effort between industry and US regulatory 
agencies to conduct research to determine if the lab-
oratory results reflected harm to monarch butterfly 
populations in the field. It should be noted that since 
the Bt proteins were intended to kill lepidopteran 
pests of maize, the impact on other Lepidoptera was 
expected. In the original risk assessment, regula-
tory agencies, such as the US Environmental Protec-
tion Agency, were mainly concerned with nontarget 
effects on endangered lepidopteran species. One iden-
tified species, the Karner Blue butterfly was consid-
ered in the risk assessment but judged to be at low 
risk for exposure due to the butterfly’s host plant. 
Risk to monarchs was also assumed to be low because 
of expected exposure of monarchs to the corn pollen 
and the relatively lower risk relative to Bt spray prod-
ucts, to which the monarchs would be more exposed 
(Pew Initiative on Food and Biotechnology 2004).

A two year study showed that the risk to monarch 
butterflies from Bt maize was “negligible”, with only 
one transgenic event providing cause for concern, 
due to the expression of the Bt protein in the pol-
len—the only event to have that pattern of expression. 
(Hellmich et al. 2001; Oberhauser et al. 2001; Pleas-
ants et al. 2001; Sears et al. 2001; Stanley-Horn et al. 
2001; Zangerl et al. 2001). Furthermore, that specific 
event was removed from the market by its developer, 
thereby removing the major source of risk to the mon-
arch butterfly (Pew Initiative on Food and Biotechnol-
ogy 2004). In 2001, the US Environmental Protection 
Agency, after a standard reassessment of the regis-
tration of the Bt crops on the market, renewed their 
registration of all events (Mendelsohn et  al. 2003). 
While research was able to demonstrate low risk, the 
perception of harm to monarch butterflies persisted. 
For example, 10 years later, in a posting dated March 
21, 2012, the magazine Mother Jones reported that 
“GM Crops Are Killing Monarch Butterflies, After 
All”39. In an August 31, 2012 post, the website GMO 
Evidence perpetuated the conclusion that “Bt Corn 
Harms Monarch Butterfly Larvae”40.

39 https:// www. mothe rjones. com/ food/ 2012/ 03/ resea rchers- 
gm- crops- are- killi ng- monar ch- butte rflies- after- all.
40 https:// www. gmoev idence. com/ corne ll- unive rsity- bt- corn- 
harms- monar ch- butte rfly- larvae/.

https://www.motherjones.com/food/2012/03/researchers-gm-crops-are-killing-monarch-butterflies-after-all
https://www.motherjones.com/food/2012/03/researchers-gm-crops-are-killing-monarch-butterflies-after-all
https://www.gmoevidence.com/cornell-university-bt-corn-harms-monarch-butterfly-larvae/
https://www.gmoevidence.com/cornell-university-bt-corn-harms-monarch-butterfly-larvae/
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A publication in The Lancet by Ewen and Pusztai 
(1999) that reported laboratory studies, 
claiming that transgenic potatoes were harmful 
to the gastrointestinal tract of rats used in the study

The authors reported that in rats fed with a transgenic 
potatoes genetically engineered to express a lectin 
protein for nematode and insect resistance, the gastro-
intestinal tracts of the test animals showed concern-
ing abnormalities. Findings were first made public in 
a television interview a year in advance of publica-
tion, announcing that potatoes expressing these genes 
could stunt rats’ growth and impair their immune 
system. When finally published, the study again 
attracted much attention and criticism in the scien-
tific community41 and the media42, not only of the 
researchers’ conduct and flawed research but also of 
the journal’s procedures (Enserink 1999). It should be 
noted that the potatoes in question were never submit-
ted for approval, and therefore were never part of the 
human food-chain. Given the standard toxicity tests 
that are recommended by Codex Alimentarius, using 
pure protein rather than the potato used as the test 
substance (Codex Alimentarius Commission 2003), 
the effects of the transgene-expressed protein would 
have been detected in any case, and would have led to 
the rejection of an application for approval, or more 
likely, the withdrawal of the product during the devel-
opment process, prior to a regulatory application. 
Despite the fact that this potato was never consumed 
as food, the study contributed to the perception that 
foods derived from approved GE crops were toxic, 
and was followed by a series of studies, the major-
ity of which originated in European laboratories, that 
reported adverse health effects of GE crops These 
studies have been reviewed and analyzed by Sánchez 
and Parrott (2017), who conclude that methodologi-
cal flaws in these studies invalidate claims of adverse 
effects. The authors reaffirm the lack of good evi-
dence for adverse health effects of any commercial-
ized GE crop.

A series of papers published by Gilles‑Eric Séralini 
and his laboratory

Among the most impactful of the subsequent papers 
were those published by the laboratory of Gilles-
Eric Séralini. The first of these (Séralini et al. 2007) 
was a re-analysis of the safety data submitted by the 
agricultural biotechnology company, Monsanto, in 
support of its application for approval of maize event 
MON863 for food, feed and processing. Their re-
analysis of the Monsanto data led them to conclude 
that the feeding studies the company conducted in 
fact indicated that the Bt maize caused several meta-
bolic and clinical problems in the test animals. The 
European Food Safety Authority (EFSA) disagreed 
with the conclusions of the report (European Food 
Safety Authority 2007a, b) and therefore did not 
withdraw their approval of MON863. The Seralini 
group followed with a re-analysis of MON863 again, 
along with two other Bt maize events, MON810 and 
NK603, and came to similar conclusions about these 
three events as they did in the previous study (de 
Vendômois et al. 2009). EFSA reviewed the analysis 
conducted by de Vendômois et  al. and decided that 
it did not present any new information regarding the 
toxicity of these three events (European Food Safety 
Authority 2010). A third publication reviewed data 
from the feeding studies of 19 approved GE crop 
events and concluded that these studies showed liver 
and kidney problems as well, and called for longer 
term feeding studies that included analysis of addi-
tional endpoints that were not required at the time 
(Séralini et  al. 2011). This paper did not prompt 
EFSA to conduct a re-evaluation of the data from 
these studies.

Then in 2012, the Séralini group published the 
results of feeding studies conducted in their own lab-
oratories, which showed that rats fed diets with maize 
event NK603 had higher death rates and developed 
more tumors than the control-fed rats (Séralini et al. 
2012). The paper, and the manner in which the authors 
publicized it, was widely criticized by other scien-
tists, (see for example Anonymous editor (2012)). 
The European Food Safety Authority was tasked with 
analyzing the Seralini et al. (2012) paper and found it 
to be “inadequately designed, analysed and reported”, 
and concluded that “the study as reported by Séralini 
et al. [was] of insufficient scientific quality for safety 
assessment” (European Food Safety Authority 2012). 

41 see for example https:// www. thela ncet. com/ journ als/ lancet/ 
artic le/ PIIS0 140- 6736(99) 90199-X/ fullt ext.
42 see for example https:// www. indep endent. co. uk/ clima te- 
change/ news/ scien tists- revolt- at- publi cation- of- flawed- gm- 
study- 737888. html.

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(99)90199-X/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(99)90199-X/fulltext
https://www.independent.co.uk/climate-change/news/scientists-revolt-at-publication-of-flawed-gm-study-737888.html
https://www.independent.co.uk/climate-change/news/scientists-revolt-at-publication-of-flawed-gm-study-737888.html
https://www.independent.co.uk/climate-change/news/scientists-revolt-at-publication-of-flawed-gm-study-737888.html
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The paper was finally retracted by the journal, but 
then republished in another journal (Séralini et  al. 
2014). While no regulatory agency that had approved 
NK603 was prompted to change its conclusions as a 
result of the Séralini et al. paper, it nevertheless had 
a significant impact in at least one African country: 
Kenya. Because of this paper, in 2012 the Kenyan 
Minister of Public Health persuaded the country’s 
President to decree the removal of foods derived 
from GE crops from the market in Kenya and to ban 
imports of such foods. That ban remained in place 
until 2019 (Thomson 2021). Seralini’s group contin-
ued to publish papers showing health concerns with 
GE crops43, although those results have not been rep-
licated by other laboratories.

The above examples of the impact that other scien-
tists might have, whether intended or not, should be a 
cautionary tale for the field of gene drives. One exam-
ple of a study that had similar but not as damaging 
an impact on the development of GE mosquitoes gen-
erally, was the publication of a paper by Evans et al. 
(2019), entitled “Transgenic Aedes aegypti Mosqui-
toes transfer Genes into a Natural Population”. The 
paper showed that some of the sterile males released 
by the company Oxitec to control mosquito-borne 
viral diseases had managed to hybridize with local 
populations, resulting in the introgression of parts 
of the release strain’s genome (but no transgenes) 
into those populations. This report resulted in con-
cerns being raised in the press, with headlines such 
as “GM Mosquitoes Spreading Out of Control in 
Brazil”44. While the press article is consistent with 
the message that might be inferred from the title of 
the scientific publication, the data presented in it told 
a more sober story. Subsequently, an “expression of 
editorial concern” was published in the following 
year, which described problems that had come to 
the attention of the editors, regarding the interpreta-
tion of the data and some of the conclusions (Evans 
et  al. 2020). Some of the authors disagreed with 
one of the conclusions of the paper that the hybrids 
between the released strain and the local populations 
“very likely result[ed] in a more robust population 

than the pre-release population due to hybrid vigor” 
(Evans et al. 2020), and some called for retraction of 
the paper45.

Of greater concern is that groups opposing the 
release of GE mosquitoes use extrapolations from the 
scientific literature to heighten concern about these 
organisms. An article contributed to the digital news-
paper, Huffpost, by Jeffrey Smith entitled “Research 
Exposes New Health Risks of Genetically Modified 
Mosquitoes and Salmon”46, exemplifies the use of 
a common approach, which is to point to results of 
scientific studies showing biochemical or molecular 
differences between GE organisms and their non-GE 
counterparts, or to highlight a molecular phenomenon 
(in this case off-target effects of Cas9 in mice) and 
imply that these phenomena themselves are harmful 
effects and require further studies to show that they 
have not occurred. This article argues that the failure 
to do these studies are therefore an oversight in the 
safety evaluation and calls for a continued distrust of 
the GE organism until studies are conducted to show 
that these effects have not occurred. It should be 
noted that the scientific article referenced in the Huff‑
Post article was not about mosquitoes nor salmon, 
yet those organisms are mentioned in the title. This 
approach was often used against GE crops, with suc-
cess, and is now being used against GE mosquitoes. 
GE mosquitoes containing gene drives will most 
likely also be the subject of similar tactics.

Therefore, accurate information on gene drives, 
provided by established and recognized trustwor-
thy sources, should be provided to the general pub-
lic, journalists, and scientists who are not connected 
with the field. Those sources of information should 
also be able to summarize and analyze important 
scientific results and emerging issues in the field in 
order to place those developments in the proper con-
text. Examples of such resources include organiza-
tions such as the GeneConveneVirtual Institute47, 
and the African Genetic Biocontrol Consortium48. 

46 https:// www. huffp ost. com/ entry/ resea rch- expos es- new- 
health- risks- of- genet ically- modif ied_b_ 597a3 cb4e4 b06b3 
05561 cef3.
47 https:// www. genec onven evi. org/
48 https:// www. genbi ocons ortium. africa/

43 https:// www. gmose ralini. org/ resea rch- papers.
44 https:// susta inabl epulse. com/ 2019/ 09/ 11/ gm- mosqu itoes- 
sprea ding- out- of- contr ol- in- brazil- as- genome- found- in- wild- 
popul ations/.

45 https:// www. scien cemag. org/ news/ 2019/ 10/ disse nt- splits- 
autho rs- provo cative- trans genic- mosqu ito- study.

https://www.huffpost.com/entry/research-exposes-new-health-risks-of-genetically-modified_b_597a3cb4e4b06b305561cef3
https://www.huffpost.com/entry/research-exposes-new-health-risks-of-genetically-modified_b_597a3cb4e4b06b305561cef3
https://www.huffpost.com/entry/research-exposes-new-health-risks-of-genetically-modified_b_597a3cb4e4b06b305561cef3
https://www.geneconvenevi.org/
https://www.genbioconsortium.africa/
https://www.gmoseralini.org/research-papers
https://sustainablepulse.com/2019/09/11/gm-mosquitoes-spreading-out-of-control-in-brazil-as-genome-found-in-wild-populations/
https://sustainablepulse.com/2019/09/11/gm-mosquitoes-spreading-out-of-control-in-brazil-as-genome-found-in-wild-populations/
https://sustainablepulse.com/2019/09/11/gm-mosquitoes-spreading-out-of-control-in-brazil-as-genome-found-in-wild-populations/
https://www.sciencemag.org/news/2019/10/dissent-splits-authors-provocative-transgenic-mosquito-study
https://www.sciencemag.org/news/2019/10/dissent-splits-authors-provocative-transgenic-mosquito-study
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Governments would also be the source of such trust-
worthy information (Sect. “Low public understanding 
of the technology”).

Corporations as the first developers

For GE crops, resistance due to the distrust of regula-
tors and science was heightened by the introduction 
of the first products by multinational companies. The 
tomato purée product was introduced by Zeneca, and 
other products that were soon to be introduced came 
from another multinational company, Monsanto, 
which did not conduct effective engagement with the 
public (Burkeman 1999; McCabe 1999; Reynolds 
2004). The company was based in the United States, 
which brought with it negative connotations of indus-
trial food production and fast-food culture (Fillipo 
Randazzo, personal communication). Being products 
of multinational corporations, and the lack of product 
counterparts in nature, contributed to the perception 
of these products as unnatural, and these perceptions 
carried over to subsequent products (Bruce 2017). 
Even today, the importance of having a counterpart or 
being derived from nature plays a deciding role in the 
acceptance of genetic engineering, with gene transfers 
between varieties of the same plant being possibly 
accepted by consumers in Europe (Saleh et al. 2021). 
Therefore, if those planning deployment of gene 
drives were to learn from the GE crop experience, 
the introduction should not be seen as being driven 
by companies, and the public should be made aware 
of natural gene drive counterparts. While this percep-
tion might seem straightforward to achieve, given that 
the developers of gene drive technology have thus far 
been not-for-profit research groups funded by private 
or government donors, it competes with a develop-
ing narrative that these initial efforts to deploy health 
benefits is a “smoke screen” for eventual agricultural 
applications by for-profit interests (ETC Group 2018; 
de Wit 2019). This narrative mirrors that of one of the 
criticisms of Golden Rice, a product developed by a 
consortium of six public institutions49, with extensive 

support from the Rockefeller Foundation, USAID, 
and the Bill and Melinda Gates Foundation (BMGF) 
(Potrykus 2001; Datta and Datta 2020)50. Groups 
opposing GE crop deployment argued that this pro-
poor application of biotechnology was motivated by 
the desire to make GE crops more acceptable and 
therefore enhance the acceptance of other crops that 
would be the source of corporate profit (Enserink 
2008; Fuchs and Glaab 2011; Kazumi 2020)51.

Furthermore, corporate ownership of the major-
ity of GE crops made them vulnerable to criticisms 
of exerting undue control over the world food and 
seed supply. As GE crops became more successful 
and profitable, production consolidated to only a few 
companies: Monsanto, Syngenta, Dow AgroSciences, 
and DuPont/Pioneer, with Monsanto becoming the 
focus of much activist attention, even though they 
were not the largest member of the field52. This num-
ber has recently decreased further to Bayer, Dow 
AgroSciences, and Corteva53. The concentration of 
investments in GE crops is also a vulnerability of 
gene drives, which—while not being controlled by 
major commercial interests—is a field that is funded 
by only a few—primarily one—private donors. The 
significantly higher investment in gene drive research 
by BMGF than any other private donor has led to 
criticism from opposition groups and has been con-
nected with suspicion to the major investment in gene 
drives by the US Defense Advanced Research Pro-
jects Agency54. The connection with multinational 

49 the Bangladesh Agricultural University (BAU), the Bang-
ladesh Rice Research Institute (BRRI), the Donald Dan-
forth Plant Science Center in the USA, the International Rice 
Research Institute (IRRI), the Philippine Rice Research Insti-
tute (PhilRice), and the University of Freiburg in Germany 
http:// golde nrice. org/ index. php

50 see also https:// gcgh. grand chall enges. org/ chall enge/ create- 
full- range- optim al- bioav ailab le- nutri ents- single- staple- plant- 
speci es.
51 see also https:// www. organ iccon sumers. org/ news/ monsa 
ntobi ll- gates- plot- genet ically- engin eered- rice- threa tens- asian- 
count ries and https:// www. indep enden tscie ncene ws. org/ health/ 
why- we- oppose- golden- rice/? utm_ source= rss& utm_ medium= 
rss& utm_ campa ign= why- we- oppose- golden- rice.
52 see for example https:// www. organ iccon sumers. org/ campa 
igns/ milli ons- again st- monsa nto.
53 https:// www. gmwat ch. org/ en/ news/ latest- news/ 17328- dow- 
and- dupont- bayer- and- monsa nto- or- synge nta- and- chemc hina- 
which- will- succe ed, https:// www. reute rs. com/ artic le/ us- monsa 
nto-m- a- bayer- deal- idUSK CN11K 128, https:// www. dupont. 
com/ news/ dowdu pont- agric ulture- divis ion- to- become- corte va- 
agris cience. htm.
54 https:// still nessi nthes torm. com/ 2020/ 06/ bill- gates- found 
ation- worki ng- with- darpa- on- gene- editi ng/, https:// foe. org/ 
news/ milit ary- revea led- top- funder- gene- drives- gates- found 
ation- paid-1- 6- milli on- influ ence- un- gene- drives/.

http://goldenrice.org/index.php
https://gcgh.grandchallenges.org/challenge/create-full-range-optimal-bioavailable-nutrients-single-staple-plant-species
https://gcgh.grandchallenges.org/challenge/create-full-range-optimal-bioavailable-nutrients-single-staple-plant-species
https://gcgh.grandchallenges.org/challenge/create-full-range-optimal-bioavailable-nutrients-single-staple-plant-species
https://www.organicconsumers.org/news/monsantobill-gates-plot-genetically-engineered-rice-threatens-asian-countries
https://www.organicconsumers.org/news/monsantobill-gates-plot-genetically-engineered-rice-threatens-asian-countries
https://www.organicconsumers.org/news/monsantobill-gates-plot-genetically-engineered-rice-threatens-asian-countries
https://www.independentsciencenews.org/health/why-we-oppose-golden-rice/?utm_source=rss&utm_medium=rss&utm_campaign=why-we-oppose-golden-rice
https://www.independentsciencenews.org/health/why-we-oppose-golden-rice/?utm_source=rss&utm_medium=rss&utm_campaign=why-we-oppose-golden-rice
https://www.independentsciencenews.org/health/why-we-oppose-golden-rice/?utm_source=rss&utm_medium=rss&utm_campaign=why-we-oppose-golden-rice
https://www.organicconsumers.org/campaigns/millions-against-monsanto
https://www.organicconsumers.org/campaigns/millions-against-monsanto
https://www.gmwatch.org/en/news/latest-news/17328-dow-and-dupont-bayer-and-monsanto-or-syngenta-and-chemchina-which-will-succeed
https://www.gmwatch.org/en/news/latest-news/17328-dow-and-dupont-bayer-and-monsanto-or-syngenta-and-chemchina-which-will-succeed
https://www.gmwatch.org/en/news/latest-news/17328-dow-and-dupont-bayer-and-monsanto-or-syngenta-and-chemchina-which-will-succeed
https://www.reuters.com/article/us-monsanto-m-a-bayer-deal-idUSKCN11K128
https://www.reuters.com/article/us-monsanto-m-a-bayer-deal-idUSKCN11K128
https://www.dupont.com/news/dowdupont-agriculture-division-to-become-corteva-agriscience.htm
https://www.dupont.com/news/dowdupont-agriculture-division-to-become-corteva-agriscience.htm
https://www.dupont.com/news/dowdupont-agriculture-division-to-become-corteva-agriscience.htm
https://stillnessinthestorm.com/2020/06/bill-gates-foundation-working-with-darpa-on-gene-editing/
https://stillnessinthestorm.com/2020/06/bill-gates-foundation-working-with-darpa-on-gene-editing/
https://foe.org/news/military-revealed-top-funder-gene-drives-gates-foundation-paid-1-6-million-influence-un-gene-drives/
https://foe.org/news/military-revealed-top-funder-gene-drives-gates-foundation-paid-1-6-million-influence-un-gene-drives/
https://foe.org/news/military-revealed-top-funder-gene-drives-gates-foundation-paid-1-6-million-influence-un-gene-drives/
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corporate giant Microsoft, whether that connection is 
real or not, will also continue to be associated with 
any charitable work supported by BMGF.

The research groups leading the efforts to develop 
and deploy gene drives in Africa are not-for-profit 
and university-based, funded by charitable donors. 
Thus, the resistance to corporate interests would seem 
to be overcome. However, the source of the current 
funding comes primarily from a few large donors, 
which makes the field susceptible to accusations of 
undue control by these donors. Therefore, diversify-
ing the source of funding, including participation by 
countries, or regional bodies, would show that coun-
try or regional interests are represented by this work, 
and that the influence of large donors is diluted.

Lack of identifiable consumer benefit

The first GE crop products also failed to have obvi-
ous benefits to the consumer. While the very first 
product (Flavr-Savr tomato) was clearly a consumer-
oriented trait, it was distributed in an inferior tomato 
genotype55, and therefore did not provide a highly 
acceptable product, not only for the consumer but for 
the farmer as well. The tomato paste counterpart also 
did not provide obvious enhancement of consumer 
experience. The benefit of the tomato was reduced 
processing cost (Clark et al. 2004), and a lower price 
compared to non-GE tomato paste56. This combina-
tion apparently was not sufficiently compelling to 
the public (Sect.  “Mistrust of government regula-
tory agencies”). Subsequent introduced products all 
expressed traits to benefit farmers—herbicide toler-
ance, insect and disease resistance—which drove their 
adoption worldwide (Sect.  “Adoption of GE crops 
worldwide”). It remains to be seen whether Golden 
Rice, which has identifiable consumer benefit but has 
still not been commercially deployed anywhere in the 
world, presents a compelling enough story to counter-
act the already-entrenched opposition group narrative 
of GE crops as an example of corporate deception.

Fortunately for the gene drive development com-
munity, the benefit to the public (if it can be demon-
strated convincingly) would be immediately obvious. 

However, this does not make gene drives free of criti-
cisms that would place these benefits in a darker light. 
The monolithic donor narrative has already been 
mentioned. Furthermore, the potential effectiveness 
of the technology, possibly allowing suppression of 
disease vector populations that might not have been 
achievable by existing tools, has given rise to con-
cerns about the eradication of mosquito species and 
the role of mosquitoes in the environment that were 
not expressed about other technologies (e.g., pesti-
cides) deployed to achieve the same goal (National 
Academies of Sciences Engineering and Medicine 
2016; Roberts et al. 2017; Collins et al. 2019; Teem 
et  al. 2019; Connolly et  al. 2021). Efforts by devel-
opers and more neutral groups (see Sect.  “Scien-
tific publications claiming adverse effects of GEOs” 
above) to provide a more thorough understanding of 
the benefits and risks of this technology would help 
the public and decisionmakers reach more informed 
decisions.

Low public understanding of the technology

The subject of genetic engineering is a highly techni-
cal one, and is also highly charged, due to the polar-
ized communication around this subject. Early studies 
on the public understanding of biotechnology, prior to 
or contemporary with the commercial deployment of 
transgenic crops, showed a lack of information about 
it, especially regarding food and agricultural biotech-
nology, resulting in a negative reaction to the technol-
ogy (Harlander 1991; Frewer et al. 1994). The United 
States Office of Technology Assessment reported in 
1987 that 69% of the American public surveyed had 
heard or read “almost nothing” or “relatively little” 
about genetic engineering. Seventy-five percent of 
the “almost nothing” category could not explain what 
genetic engineering was, and neither could almost 
50% of the “relatively little” category (US Congress, 
OTA 1987). A Europe-wide survey of biotechnology 
attitudes, conducted in 1996, showed that only 36% 
of the public correctly identified as false the state-
ment that “Ordinary tomatoes do not contain genes 
while genetically engineered tomatoes do.” (Melich 
2000). Other surveys conducted by researchers in 
various countries worldwide at the same time cor-
roborate these results (Davison et  al. 1997). More 
recently, even after two decades since transgenic 
crops have been introduced, public understanding is 

55 https:// www. bioni ty. com/ en/ encyc loped ia/ Flavr_ Savr. html.
56 https:// beyond- gm. org/ 20- years- ago- today- what- have- we- 
learn ed- since- the- gmo- flavr- savr- tomato/.

https://www.bionity.com/en/encyclopedia/Flavr_Savr.html
https://beyond-gm.org/20-years-ago-today-what-have-we-learned-since-the-gmo-flavr-savr-tomato/
https://beyond-gm.org/20-years-ago-today-what-have-we-learned-since-the-gmo-flavr-savr-tomato/
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still inadequate (Brossard 2018). The lack of wide-
spread understanding exists even though the subject 
has had wide media coverage since the early days of 
the deployment of transgenic crops. This coverage 
has been viewed by scientists as being overly sensa-
tional, thus hindering accurate understanding; con-
versely, journalists viewed scientists as being unable 
to communicate effectively to the lay public (Gunter 
et al. 1999).

Countries in Africa have recognized the key role of 
communicating with the public about biotechnology, 
with some countries explicitly making this part of the 
role of their National Biosafety Authority, both as a 
means for public input, but also as a means of edu-
cating them. For example, the Kenyan biosafety law 
provides that the National Biosafety Authority “…
promote awareness and education among the general 
public in matters relating to biosafety” (Government 
of Kenya 2009). Burkina Faso has similar language 
in its Biosafety Law: “L’Agence nationale de biosécu-
rité, en collaboration avec les autres administrations 
concernées, veille à ce qu’il y ait une sensibilisation et 
le cas échéant, une consultation publique adéquate au 
sujet de l’utilisation, de la dissémination de tous les 
organismes génétiquement modifiés”57(Government 
of Burkina Faso 2012).

However, South Africa is the only country on the 
continent with a government program designed to 
promote a clear understanding of biotechnology. The 
Public Understanding of Biotechnology Program58 
aims to present information on the subject clearly and 
fairly, in order to support an accurate understanding 
of the subject. Despite this effort, a recent survey in 
South Africa conducted to assess the effectiveness of 
the program, found that 73% of respondents reported 
having little or no knowledge about biotechnology 
and 46% viewed biotechnology as too specialized a 
field of knowledge for the public to understand (Gas-
trow et al. 2018).

Therefore, further efforts to enhance the under-
standing of genetic engineering and biotechnology are 
needed, in order to assure that accurate information 

about this technology is disseminated. A better under-
standing of gene drive technology can be fostered by 
governments, as part of established biosafety policy 
in several African countries. Developers and neutral 
groups could also be helpful in increasing public 
understanding of the technology of genetic engineer-
ing, including gene drives. Without this understand-
ing as a base, it is likely that the understanding of 
gene drives will be even more difficult, resulting in 
the same negative reaction on the part of the public. 
While providing accurate information does not neces-
sarily lead to acceptance or support, it will serve to 
balance an alarmist portrayal of genetic engineering 
on the part of groups who oppose it (see next section).

As the next section will explore, easily grasped 
messages and images can be effective ways to com-
municate about a technology and could be used by 
those who want to achieve acceptance of gene drives. 
Unfortunately, clear messages with emotional impact 
engendering fear and rejection of a technology are 
easier to achieve than similar messages that convey 
information about a complex subject, often delivered 
by scientists who are naturally careful to deliver accu-
rate and non-misleading statements.

More accurate public understanding could ben-
efit greatly from consistency in terminology used by 
researchers in the field when discussing the subject 
within their own community, but also by those in 
the field of gene drive when communicating with the 
public. One development along this line is an effort to 
standardize gene drive terminology among research-
ers in this field (Alphey et al. 2020). Another group 
is developing a glossary of terms translated into 
local languages in Burkina Faso, Mali, and Uganda 
(Chemonges Wanyama et al. 2021). At the very least, 
such consistency will avoid confusion when discuss-
ing the technology, and therefore encourage better 
understanding.

Messaging to the public by opposition groups

Alternative vision of agriculture

Opponents of the use of GE crops have successfully 
leveraged perceptions of agriculture that view mod-
ern, industrial, high-intensity approaches as damaging 
to the environment and to society. These are agricul-
tural practices that are employed to a great extent in 
many developed countries such as the United States, 

57 Translation: “The National Biosecurity Agency, in coop-
eration with the other involved administrations, ensures that 
sensitization occurs and, if necessary, an adequate public con-
sultation on the use and release of all genetically modified 
organisms.”
58 https:// www. pub. ac. za.

https://www.pub.ac.za


303Transgenic Res (2022) 31:285–311 

1 3
Vol.: (0123456789)

Canada, Argentina, and Brazil. These practices were, 
ironically, initiated by innovations of the Green Revo-
lution aiming to maximize agricultural productivity 
in developing countries.

While considered one of the most significant tech-
nological advances of the twentieth century, resulting 
in the saving of over a billion lives, the Green Revo-
lution has been the subject of criticism as well. Con-
way and Barbier (1990) have pointed out problems of 
equity (less suitable for low resource, small-holder 
farmers) and stability of production (less environmen-
tal resiliency of production due to monocropping). 
The Green Revolution has been viewed as advanc-
ing input-dependent, commercial farming (“global 
North” farming) instead of subsistence farming (Har-
wood 2019), and the cause of ecological damage and 
violence in the Punjab region of India (Shiva 1991). 
Therefore, industrialized farming was regarded by 
some as a negative outcome of agricultural techno-
logical advancement sparked by the Green Revolu-
tion, notwithstanding the increased economic and 
health improvements it produced.

The industrialized farming encouraged by the 
Green Revolution is viewed by some as inherently 
unsustainable and damaging to the environment 
(Clunies-Ross and Hildyard 2013). This view is also 
espoused by the agroecological movement, which 
includes practices to intentionally preserve biodiver-
sity in order to take advantage of the ecosystem ser-
vices that it provides. It stands as an alternative to 
industrial agriculture (Kremen et  al. 2012). As dis-
cussed in the “Regulatory status in Europe” section, 
the agroecological movement is highly influential in 
European agricultural policy.

Since GE crops are associated with industrial agri-
culture, the connotations (whether real or perceived) 
that go along with that association have therefore 
resulted in GE crops being viewed as advancing an 
anti-biodiversity, non-sustainable way of agricul-
ture. This perception persists despite the data to 
the contrary, as described in the “Benefits of adop-
tion of these crops” section. The introduction of GE 
crops has been seen as a continuation of technologi-
cal dependence and factory farming59. Thus, efforts 
to expand Green Revolution practices to Africa by 

humanitarian organizations such as the Bill and 
Melinda Gates Foundation have been criticized for 
encouraging policies that are inappropriate for the 
continent and exerting undue influence on academic 
institutions to achieve their goals60. The foundation 
has also come under criticism for being institution-
ally unsuited to listen to smallholder farmer concerns, 
despite a genuine desire to serve them (Schurman 
2018). The reaction against industrialized farming 
is especially intense in Europe, and GE crops have 
become a focal point for these two approaches and 
the values they represent (Levidow and Boschert 
2008), as discussed in the “Opposition to GE crops in 
Europe and its impact on Africa” section.

The opposition to gene drives appears to be devel-
oping along similar lines. There has been criticism 
that the use of gene drives arises from the same men-
tality as that which gave rise to the Green Revolution:

“The same mindset, which led to the stockpiling 
of chemicals of war in our fields with the Green 
Revolution, later developed today’s failed genet-
ically engineered herbicide resistant crops… 
Monsanto & Co – which includes investors, sci-
entists, corporations, DARPA, and Gates Foun-
dation – continues doggedly to rely on this mis-
guided ‘techno-fix’ approach, now with gene 
drives technology to solve the failures they have 
created themselves, another tool on the path of 
unbridled profit and control.”
--Navdanya International61

Gene drives have been positioned as unsustain-
able technological solutions that will not succeed, as 
opposed to less technologically reliant solutions that 
will. Regarding the use of gene drives for conserva-
tion purposes, the following view has been expressed:

“Genetic extinction technologies are a false and 
dangerous solution to the problem of biodiver-
sity loss. There are real, sustainable, commu-

59 https:// beyond- gm. org/ 20- years- ago- today- what- have- we- 
learn ed- since- the- gmo- flavr- savr- tomato/.

60 https:// cagj. org/ wp- conte nt/ uploa ds/ Messe ngers- of- Gates% 
E2% 80% 99- Agenda- A- Case- Study- of- the- Corne ll- Allia nce- 
for- Scien ce- Global- Leade rship- Fello ws- Progr am. pdf.
61 https:// navda nyain terna tional. org/ gene- drive- extin ction- 
techn ology/#: ~: text= Gene% 20dri ves% 20tec hnolo gy% 20is% 
20a% 20rou gh% 20tool% 2C% 20bas ed,organ isms% 20as% 
20well% 20as% 20the ir% 20com plex% 2C% 20dyn amic% 20evo 
lution.

https://beyond-gm.org/20-years-ago-today-what-have-we-learned-since-the-gmo-flavr-savr-tomato/
https://beyond-gm.org/20-years-ago-today-what-have-we-learned-since-the-gmo-flavr-savr-tomato/
https://cagj.org/wp-content/uploads/Messengers-of-Gates%E2%80%99-Agenda-A-Case-Study-of-the-Cornell-Alliance-for-Science-Global-Leadership-Fellows-Program.pdf
https://cagj.org/wp-content/uploads/Messengers-of-Gates%E2%80%99-Agenda-A-Case-Study-of-the-Cornell-Alliance-for-Science-Global-Leadership-Fellows-Program.pdf
https://cagj.org/wp-content/uploads/Messengers-of-Gates%E2%80%99-Agenda-A-Case-Study-of-the-Cornell-Alliance-for-Science-Global-Leadership-Fellows-Program.pdf
https://navdanyainternational.org/gene-drive-extinction-technology/#:~:text=Gene%20drives%20technology%20is%20a%20rough%20tool%2C%20based,organisms%20as%20well%20as%20their%20complex%2C%20dynamic%20evolution
https://navdanyainternational.org/gene-drive-extinction-technology/#:~:text=Gene%20drives%20technology%20is%20a%20rough%20tool%2C%20based,organisms%20as%20well%20as%20their%20complex%2C%20dynamic%20evolution
https://navdanyainternational.org/gene-drive-extinction-technology/#:~:text=Gene%20drives%20technology%20is%20a%20rough%20tool%2C%20based,organisms%20as%20well%20as%20their%20complex%2C%20dynamic%20evolution
https://navdanyainternational.org/gene-drive-extinction-technology/#:~:text=Gene%20drives%20technology%20is%20a%20rough%20tool%2C%20based,organisms%20as%20well%20as%20their%20complex%2C%20dynamic%20evolution
https://navdanyainternational.org/gene-drive-extinction-technology/#:~:text=Gene%20drives%20technology%20is%20a%20rough%20tool%2C%20based,organisms%20as%20well%20as%20their%20complex%2C%20dynamic%20evolution
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nity-based conservation efforts that should be 
supported.”
--Erich Pica, President, Friends of the Earth62

Therefore, in delivering messages about gene 
drives, it will be necessary to avoid the perception 
that this technology is a developed country technol-
ogy that is being inappropriately applied to develop-
ing countries. Co-development with local scientists, 
could be important in developing ownership of the 
technology, much as it has done with recent GE crop 
introductions63,64. Participatory modeling to engage 
communities in the decision-making and planning 
process, described in “Mistrust of government regula-
tory agencies” section, could also ensure the appro-
priate deployment of this technology.

Fear and uncertainty associated with new technology

Within the context of opposition to agricultural tech-
nology, visually powerful images are well used by 
opposition groups to inspire fear of the technology. 

An example of such images is provided in Fig.  2. 
These messages take advantage of a well-established 
“negativity bias” that exists in framing impressions 
of individuals as well as establishing attitudes (see 
Fridkin and Kenney 2008). Thus, it is more difficult 
to gain acceptance of an idea via positive messaging. 
Groups that are associated with environmental pro-
tection also tend to be more trusted than the govern-
ment (See US Congress, OTA 1987 above).

Another messaging strategy has been mentioned 
previously: pointing out differences between GEOs 
and their counterparts or pointing to issues of scien-
tific concern or uncertainty and citing those issues as 
evidence of harm. As Juma (2016) states, “The poten-
tial of harm (hazard) was over time presented to the 
general public as probability of the harm occurring.” 
An example of the use of this strategy with respect to 
GE insects (and probably GE insects containing gene 
drives) was noted previously. This type of messag-
ing reinforces the view that GE technology is inher-
ently unsafe, which has resonated powerfully with the 
public.

This messaging about GE organisms has enabled 
opposition groups, dependent on charitable donor 
funding, to establish an “economic engine” to fund 
their work. The strong monetary support totaled 
almost $1 billion in the period 2012–201665, funding 
the efforts to oppose the development of GE technol-
ogy worldwide. The extent of these efforts is out of 
scope for this report but are thoroughly described by 
Jennifer Thomson in Chapters 9 and 10 of her recent 
book, GE Crops and the Global Divide (Thom-
son 2021). Presently, efforts of these groups remain 
focused on GE technology in agriculture, but there is 
growing involvement of these same entities into GE 
insects. For example, the Center for Food Safety and 
Organic Consumers Association was active in oppos-
ing Oxitec’s work with mosquitoes in the Florida 
Keys66.

While these messages seem to have been effec-
tive in driving opposition to GE crops, there could be 
an opportunity to shape public perception regarding 
gene drives, because this area of genetic engineering 

Fig. 2  Depiction of GE maize by Greenpeace (© Reuters, 
used with permission)

62 https:// foe. org/ news/ 2016- 08- genet ic- extin ction- techn ology- 
rejec ted- by- inter natio nal- group- of- scien tists/.
63 https:// www. ofabn igeria. com/ 2022/ 01/ 12/ niger ia- launc hes- 
bt- cowpea- comme nces- comme rcial- produ ction/.
64 https:// africa. cgtn. com/ 2021/ 10/ 29/ kenya- set- to- launch- 
genet ically- modifi ed- cassa va/.

65 https:// anti- gmo- advoc acy- fundi ng- track er. genet iclit eracy 
proje ct. org.
66 http:// kfolta. blogs pot. com/ 2021/ 04/ consu mer- advoc ates- or- 
anti- biote ch- in. html.

https://foe.org/news/2016-08-genetic-extinction-technology-rejected-by-international-group-of-scientists/
https://foe.org/news/2016-08-genetic-extinction-technology-rejected-by-international-group-of-scientists/
https://www.ofabnigeria.com/2022/01/12/nigeria-launches-bt-cowpea-commences-commercial-production/
https://www.ofabnigeria.com/2022/01/12/nigeria-launches-bt-cowpea-commences-commercial-production/
https://africa.cgtn.com/2021/10/29/kenya-set-to-launch-genetically-modified-cassava/
https://africa.cgtn.com/2021/10/29/kenya-set-to-launch-genetically-modified-cassava/
https://anti-gmo-advocacy-funding-tracker.geneticliteracyproject.org
https://anti-gmo-advocacy-funding-tracker.geneticliteracyproject.org
http://kfolta.blogspot.com/2021/04/consumer-advocates-or-anti-biotech-in.html
http://kfolta.blogspot.com/2021/04/consumer-advocates-or-anti-biotech-in.html
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is still relatively new. A study conducted in New Zea-
land (MacDonald et al. 2020; 2021) found that opin-
ions about gene drives have not become entrenched 
in that country, leading the authors to recommend 
early and effective engagement with the public if 
support for the technology is desired by developers 
and funders. The same might be true for other coun-
tries or regions of the world, although public opin-
ion might already be solidifying against the technol-
ogy in Europe (Sect. “Developing opposition to gene 
drives in Europe”). Therefore, if gene drive technol-
ogy proves to be a beneficial tool for the elimination 
of malaria or other diseases, better messaging about 
these benefits, as counterpoints to messages coming 
from groups opposed to the technology, would enable 
a more balanced public view of the technology. These 
messages should strive to have the same type of emo-
tional and intuitive appeal as those that have been 
developed in opposition. For example, the power of 
personal experiences and stories are more effective 
than delivery of factual information in certain cases 
(Freling et al. 2020; Kubin et al. 2021).

Concluding remarks

The technical success of GE crops has not been 
matched by success in the public acceptance of the 
technology on the part of the general public, particu-
larly in Africa. This disconnect has been the result of 
several factors, many of which have been reviewed 
in this report. There have been errors made by the 
developer community, particularly in their engage-
ment with the public. On the other hand, there have 
been successes on the part of groups that oppose the 
development of GE technology, taking advantage of 
their connection with that same public and the inher-
ent communication advantages that such groups 
enjoy. There have also been historical events that 
have placed GE crops in a difficult receiving envi-
ronment. The factors can serve as lessons learned, 
some of which can be the motivation for adopting 
policies and strategies that would avoid a similar 
effect on gene drive development. Some of these, 
such as the lack of accurate public understanding of 
the technology or the lack of effective messaging to 
the general public are already being experienced by 
the gene drive development community, which is 
working to overcome them. However, in addition to 

providing accurate technical information about gene 
drive technology, providing an understanding of its 
value—along with concomitant risks and uncertain-
ties—should be an overarching goal. Facts alone 
will not serve to convince the public of any course 
of action, or to even weigh alternatives fairly. Other 
factors, such as the influence of European attitudes on 
African policies, or the publication of work that inad-
vertently or intentionally raises public concerns about 
the safety of gene drives, do not lend themselves to a 
solution, but nevertheless are items to recognize, so 
that mitigation measures can be developed to mini-
mize the damage that might occur.
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