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 Introduction to gene drives and their potential applications in 
mosquitoes 

 Description of the workshops and consultations involving problem 
formulation exercises 

 Conclusions from these exercises 
◦ Broad protection goals with relevance to this use of gene drives in Anopheles 

gambia for control of malaria 
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Normal Inheritance of the Trait Will 
Not Cause it to Spread in the Population 
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Gene Drive Inheritance of the Trait Will 
Cause it to Spread in the Population 
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Starts with the introduction  
of a genetically modified mosquito containing 
a gene drive construct into a  
target population. 
 
Over time, the mosquito mates within the 
population and a new trait spreads into the  
population that wasn’t there before. 
 
 

In theory, a gene drive can be  
started with a very small number  
of genetically modified mosquitoes.  

Once a gene drive is 
introduced it is expected to 
“drive” through an entire 
population (again, in theory). 

What are the risks to the 
environment of initiating 
a gene drive in  
Anopheles gambiae to 
control malaria? 
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 Workshop 
◦ Reston, Virginia, May 25-27, 2016 

 Consultations 
◦ Accra, Ghana, Oct. 17-19, 2016 

◦ Nairobi, Kenya, June 20-22, 2017 

◦ Gabarone, Botswana June 26-28, 2017 

◦ Libreville, Gabon, Feb. 20-22, 2018 
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 To begin conversations about environmental or ecological risks that 
may be associated with the use of gene drive mosquitos for malaria 
control in Africa 

 To identify areas where researchers and development programs 
should be thinking about collecting data in support of risk 
assessment 

 Provide a rational starting point for developers, researchers, and 
regulators to think about the use of gene drive technology for 
malaria control 
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 Day 1: Information to Inform Problem 
Formulation 

 Day 2: Breakouts using Hypothetical Case 
Studies 

 Day 3: Review and Discussion 

Scientific & 
Technical 

Background 

Breakout 
Groups 

Review and 
Discussion 
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Human 
Health 

Animal Health 
(i.e. livestock) 

Biodiversity Water Quality 

Pertinent Broad Protection Goals 

Non-Pertinent Broad Protection Goals: 

• Soil Quality 

• Air Quality 

• Natural Resources (other than biodiversity) 

• Agricultural Production (excluding animal health) 
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 Population Suppression 
◦ Gene Drive Mosquitos for 

population suppression are 
designed to eventually reduce in 
numbers in the environment over a 
relevant time. 

 Population Alteration 
Gene Drive Mosquitos for 

population alteration are designed 
to persist in the environment over a 
relevant time. 
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 The relevant interaction for human  
health is biting 
◦ Incidental exposure through inhalation, ingestion, etc. is not likely to result 

in any significant levels of exposure leading to harm to human health 

 Proteins encoded by genes introduced into Anopheles gambiae, 
including components of the gene drive and markers, should be 
considered with respect to toxicity and allergenicity potential. 

 Horizontal gene flow to humans is extremely unlikely to occur. 

Human Health 
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 Because Anopheles gambiae is  
an important disease vector, consideration should be given to 
potential alterations in disease transmission 
◦ This includes altered P. falciparum transmission or virulence, other human 

malarial transmission as well as altered transmission of other diseases. 

  

  

Human Health 
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 Anopheles gambiae is not a  
“keystone” species in the  
environment and is not known to provide any non-redundant 
ecosystem services 
◦ Changes in population size or even elimination of Anopheles gambiae from a 

particular environment are unlikely to harm biodiversity or ecosystem 
services.  This is based on existing knowledge and experience with vector 
control programs. 

 

Biodiversity 
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 Anopheles gambiae interacts with 
other species by feeding on them,  
being consumed as prey, or competing with them.  
◦ These interactions may require consideration for species of relevance to the 

assessment such as threatened, endangered, or valued species 

◦ Incidental contact between organisms and Anopheles gambiae carrying gene 
drives is not likely to lead to harms to those organisms, compared to 
interactions with other Anopheles gambiae. 

 

Biodiversity 
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 Anopheles gambiae is not known to be  
the sole or primary food source for any  
organism, with the possible exception of a few species of spider known to 
prefer Anophelines. 

 Removing Anopheles gambiae from the environment is unlikely to harm 
species that feed on it, due to the availability of other prey, including 
Anophelines. 
◦ Birds, bats, fish etc. 
◦ This is primarily relevant for suppression strategies 

 Consideration should be given to any proteins introduced into Anopheles 
gambiae (including gene drive components or markers) for toxicity to 
other species 

  

Biodiversity 
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 Gene flow to other species  
within the Anopheles gambiae s.l. complex through hybridization is 
likely, and does not create additional pathways to harm. 

 Horizontal gene transfer is not likely to occur to other organisms on 
any relevant time scale and is not a pertinent pathway to harm 

Biodiversity 
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 Potential harm could result  
from altered pathogen transmission dynamics to livestock. 

 Harm resulting from other mechanisms, including toxicity from 
introduced proteins, was considered unlikely.   

Animal Health 
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 The use of gene drives in Anopheles gambiae should be  
considered as a complementary strategy to other vector control 
methods and malaria mitigation strategies. 

 The potential harms identified for the use of gene drive in Anopheles 
gambiae should be considered in the context of other vector control 
methods and malaria mitigation strategies 
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 Failure to sustain a successful malaria vector control strategy can 
have harmful effects on malaria incidence. 
◦ This is not unique to gene drive, and would be the same for other malaria 

control or eradication techniques 

◦ The ability to control resurgence needs be sustained and effective additional 
control methods need to be available 
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 These activities are incredibly valuable, but they do have limits 
◦ It is impossible to exhaustively discuss pathways to harm in three days 
◦ Many differences between groups were caused by differences in available expertise to supply 

missing information 

 The most discussed protection goals (by a wide margin) involved human health 
and biodiversity 
◦ Human health considerations were almost always related to altered gene transmission 
◦ Biodiversity considerations were nearly always related to harm to predators of mosquitos 

 Water Quality was a distant third 
◦ This was typically mitigated by the types of habitat An. gambiae lives in 
◦ Participants in Africa were generally more inclined to view water quality effects as a plausible 

pathway to harm 
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 I want to acknowledge the incredibly hard work of all the people participating in 
all of these events, although I can’t possible name them all: 

Colleagues at the ILSI Research Foundation 
◦ John Teem (especially for slides), Libby Williams, Karin Christianson, and Layla Tarar 

Foundation for the National Institutes of Health 
Providing financial support to allow ILSI Research Foundation to be part of this work 

New Partnership for African Development 
◦ Initiating, organizing managing and hosting the consultations in Africa 

Speakers at all five workshops 

Participants in Reston, Accra, Nairobi, Gabarone, and Libreville 
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http://www.ajtmh.org/content/journals/10.4269/ajtmh.16-0726#html_fulltext 
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