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Abstract Approximately a quarter of a billion people
around the world suffer from malaria each year. Most
cases are located in sub-Saharan Africa where Anophe-
les gambiaemosquitoes are the principal vectors of this
public health problem. With the use of CRISPR-based
gene drives, the population of mosquitoes can be mod-
ified, eventually causing their extinction. First, we dis-
cuss the moral status of the organism and argue that
using genetically modified mosquitoes to combat ma-
laria should not be abandoned based on some moral
value of A. gambiae. Secondly, we argue that environ-
mental impact studies should be performed to obtain an
accurate account of the possible effects of a potential
eradication of the organism. However, the risks from the
purposeful extinction ofA. gambiae should not overtake
the benefits of eradicating malaria and risk assessments
should be used to determine acceptable risks. Thirdly,
we argue that the eventual release of the genetically
modified mosquitoes will depend on transparency, com-
munity involvement, and cooperation between different
nations.
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Introduction

Malaria poses a significant public health threat around
the world. According to the World Health Organization
(WHO) Malaria Report (2020c), in 2019, there were
229 million malaria cases worldwide with a death toll
of 409,000. These numbers do not include asymptom-
atic malarial infections which can also have a significant
impact on the health of infected individuals (Chen et al.
2016). Infections are only expected to increase with
global warming (Caminade et al. 2014). Malaria is
caused by the parasite Plasmodium which replicates
in, and is transmitted through, female Anopheles (An-
cient Greek for “useless”) mosquitoes—the vectors. Out
of the five Plasmodium species that cause malaria in
humans, Plasmodium falciparum is responsible for the
highest death rate, while Plasmodium vivax causes the
most malaria cases. There are around 515 Anopheles
species, of which around thirty to forty are deemed
important malaria vectors (World Health Organization
2017, 2020a).

Until the twentieth century, malaria was common in
more than half the world. Only since then have humans
made progress in battling the disease. Malaria was en-
demic in Europe until the 1970s, with Macedonia being
the last country to eliminate the disease in 1975
(Piperaki 2018). By 2002, malaria was reduced to pres-
ence in 27 per cent of the global land surface (Hay et al.
2004). This indicates that malaria is not inherently a
tropical disease but rather a disease that has been elim-
inated everywhere but the tropics. Today, malaria is
endemic in eighty-seven countries, with the WHO
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African region carrying around 94 per cent of global
malaria cases and deaths (World Health Organization
2020a).

A vital part of public health interventions against
malaria has been vector control, since eliminating the
Plasmodium parasite in isolation has proven to be diffi-
cult. Plasmodium parasites that cause malaria are very
complex organisms with many different life and multi-
plication stages both inmosquitoes and humans. A lot of
effort has been put into the development of vaccines that
target the parasite, with the recent RTS,S vaccine being
the first released antimalarial vaccine, but a vaccine with
high efficacy and which provides protection for an
extended period of time is not likely to become available
soon (Feachem et al. 2019; World Health Organization
2021). The decrease in malaria accomplished so far, has
therefore been due tomajor public health efforts focused
on prevention through the use of insecticides, reduction
in breeding sites for mosquitoes, and socioeconomic
development (Roser and Ritchie 2019). Nevertheless,
malaria rates have not been significantly reduced in
recent years, one of the reasons being the development
of insecticide-resistant mosquitoes (World Health
Organization 2019a, 2020c). Progress has been made,
but complete eradication is far from sight. Therefore,
researchers have been pursuing other possibilities.

In 2014, a new technology was introduced that com-
bines gene drives with CRISPR-Cas9. A gene drive is a
genetic modification that allows certain genes to spread
throughout the population by increasing their inheri-
tance rate. Normally, a heterozygous genetic modifica-
tion is inherited in 50 per cent of offspring. When
combined with CRISPR-Cas9, however, the genetic
modification is also copied to the homologous chromo-
some, resulting in the homozygous presence of this
modification. This means the mutation will be present
in both copies of the chromosome pair. This way, the
mutation is inherited in 100 per cent of offspring, in
which it is again copied to the homologous chromosome
and the altered genes spread even faster (Esvelt et al.
2014; Hayirli and Martelli 2019; Scudellari 2019). In
2018, Kyrou et al. developed a CRISPR-based gene
drive that involves the doublesex gene. The technique
was focused on the Anopheles gambiae mosquito,
which is a vector of the P. falciparum parasite. When
this gene is disabled in female mosquitoes, they develop
both male and female organs. Their proboscis turns
male, making them unable to pierce human skin and
they become infertile. This technique focuses on female

Anopheles since they, in addition to the flower nectar all
Anopheles feed on, require blood to obtain protein for
the egg-laying process. Male Anopheles are unable to
pierce skin and transfer Plasmodium. When the
doublesex genes were introduced in a caged population
ofAnopheles species, the population died out after seven
to eleven generations (Kyrou et al. 2018). Were these
genetically modified mosquitoes (GMMs) to be intro-
duced into the wild, this could lead to the eradication of
the entire targeted species. Therefore, the technique has
a good chance of contributing to malaria eradication,
given the difficulty for the parasite to find a new vector
organism (Callaway, 2015; Hammond et al., 2017).

Due to the adverse effects on the environment this
technology might have, the use of gene drives has been
met with great criticism (Brossard et al. 2019). Direct
effects through the eradication of a species or indirect
effects through crossbreeding might lead to unexpected
consequences for human and environmental health. Pos-
sibilities include changes in ecosystem dynamics or the
spreading of genes to other species (Neves and Druml
2017). So far, the technique has only been used in a
controlled environment, but modified mosquitoes might
soon be released in nature. The Bill and Melinda Gates
Foundation have invested in finding a gene drive solu-
tion and Bill Gates expects to have regulatory approval
by 2024 and to have the first gene drive mosquitoes
ready by 2026 (Gates 2019). Before this happens, the
ethical implications should be thoroughly examined.

In this paper, various ethical concerns that arise re-
garding the eradication of a malaria species through
gene-drive based genetic engineering will be discussed.
The discussion will be related to: (a) the value of a
species, (b) the environmental impact due to both the
eradication of A. gambiae and the use of gene drives,
and (c) the importance of community involvement. This
will illuminate complexities and contribute to making a
well-informed decision on the implementation of such a
measure.

The Value of a Species

Biological diversity or biodiversity is traditionally de-
fined as “the variety of life, in all its many manifesta-
tions” (Sodhi and Ehrlich 2010, 41). It has various
stages and includes the variety of genes, species, popu-
lations, and entire ecosystems (Carrington 2019). As
described above, the proposed technique could lead to
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the eradication of a species and thus a reduction in
biodiversity. The conservation of biodiversity, however,
is an objective of many organizations and governments
(World Wildlife Fund (WWF) 2015; European Com-
mission 2017; IUCN 2020; UN 2020). Biodiversity is
essential to numerous benefits for the world including
the provision of food, purification of water, stabilization
of the earth’s climate, and aesthetic advantages, among
many others (WWF 2015). Biodiversity is perceived to
be of major value to the world, but does this mean that
all species have value and should be protected?

It is clear that not all organisms are treated equally.
Organisms include every life form, while animals are
specifically multicellular organisms which are not plants
or fungi. Unicellular organisms are usually not included
in life protection programmes, even though they exhibit
high extinction rates (Weinbauer and Rassoulzadegan
2007; Louca et al. 2018). The eradication of viruses,
which are part of the grey area between living and non-
living, has historically been seen as a triumph: the
variola virus that causes smallpox has been eradicated
since 1980, thanks to great public health efforts. This
has been tremendously beneficial for humankind and,
rightly, has been celebrated (CDC 2016). Eradication of
the recent SARS-CoV-2 would surely also be praised
globally. The Guinea worm parasite has been at the
centre of a global eradication programme since 1980.
With only twenty-eight cases reported in 2018, the
Guinea worm is likely to be the second deliberately
eradicated species for public health purposes (CDC
2019). However, eliminating the parasite that causes
malaria is not yet an option. Malaria prevention through
the targeting of mosquitoes has been the main focus of
interest instead. However, the importance of the conser-
vation of insects, and more specifically mosquitoes, has
not yet been defined clearly. Within the animal king-
dom, the so called “higher species”—vertebrates other
than fish—have been the focus of conservation
programmes (CITES 2011; World Animal Protection
2018; Pandas International 2020; Save the Rhino
2020). The question then follows where to draw the line
between morally acceptable and non-acceptable extinc-
tion of a species.

Intuitively, the idea that all organisms or animals are
equal, independent of their species, is not the common
perception of most of the world’s population. The public
reaction towards a species’ eradication depends mainly
on the moral status of the organism as well as the
possible consequences that could accompany its

eradication (Pugh 2016).When a study in Sweden asked
citizens about the use of insecticides against mosquitoes,
many answered that they did not want to eliminate the
entire species because that would feel morally wrong
(Ojala and Lidskog 2011). However, in this case, this
mosquito species only caused minor nuisances and not
hundreds of thousands of deaths.

Mosquitoes as a species are generally ascribed a low
or even no moral status (Anopheles meaning useless in
Greek does not help its case). There also is a difference
between killing some mosquitoes and purposefully
eradicating an entire species of mosquitoes. Moral status
is not a black and white question but one of degree
(DeGrazia 2008). David DeGrazia distinguishes a two-
tier model from a sliding-scale model, as accounts of
ascribing moral status. In this two-tier model, people are
ascribed moral status while other sentient organisms
have a lower moral status but never no moral status at
all. Using the sliding-scale model, the amount of moral
status an organism is afforded, depends on their degree
of cognitive, affective, and social complexity. Using this
model, humans are attributed the highest degree of
moral status and non-sentient beings the lowest. In the
same line, Peter Singer classifies organisms in different
categories depending on sentience and self-awareness.
Sentient and self-aware organisms deserve full moral
consideration whereas insentient organisms do not
(BBC 2014).

A different stance is taken by those who believe
that all species have intrinsic value. According to
biologist Michael Soulé (1985, 731) “Species have
value in themselves, a value neither conferred nor
revocable, but springing from a species’ long evolu-
tionary heritage and potential.” This idea is defended
by many other conservationists and equivalent with
Tom Regan’s philosophy that all species have intrin-
sic value because they are subjects-of-a-life (Regan
2004). However, Regan talks exclusively about ani-
mals, not organisms. It is unclear whether insects can
also be seen as subjects-of-a-life because it is unclear
to what extent they have some level of consciousness
or even if they can feel (some) pain. Even if some
insects were somewhat sentient, and the evidence
points in the opposite direction, does this mean that
they should be protected? Singer himself thinks that,
regardless of their sentience, a campaign for insect
rights is not yet on the agenda (Singer 2016). So,
based on Singer’s and Regan’s views, fighting for
mosquito rights is not in order.
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As to the quantitative measure of biodiversity, it
should be considered that malaria is only caused by
around thirty to forty Anopheles species. As there are
over 3500 mosquito species, eradicating thirty of those
Anopheles species, would only reduce the biodiversity
of all mosquitoes by one percent (AMCA 2019). More-
over, the species in which the doublesex genes were
disabled in 2018, were A. gambiae mosquitoes. Specif-
ically eradicating this species would barely make an
impact on the total biodiversity of mosquitoes.

Another topic of concern could be that if some spe-
cies are protected and some are intentionally eradicated,
this might lead to programmes to eradicate any number
of species: a slippery slope. Indeed, eradicating one
mosquito species might provide precedent to justify
the eradication of other mosquito species. Focusing on
the eradication of mosquito species that transmit den-
gue, yellow fever, or Zika is a logical next step if the
eradication of A. gambiae is successful.

Considering the moral status ladder and the views on
mosquitoes as non-sentient beings, discussed in the
previous paragraphs, it seems that sacrificing mosqui-
toes for human lives is morally permissible. However,
the function of a species must always be taken into
account and other possibilities to eradicate these dis-
eases must be considered. Eradication of a species is
only permissible if it saves a considerable number of
human lives or protects the ecosystem, if there is no
other way. Eradication should never be the first option
but rather the very last.

Environmental Impact

Disapproval of the use of gene drives has mainly been
caused by fear of harming the environment, either
through the eradication of a species or through the
possible threats gene drives themselves can pose to the
environment. These issues will be discussed in the fol-
lowing sections.

Impact of the Elimination of Anopheles gambiae

Besides being a source of food for other species, insects,
including mosquitoes, are responsible for the pollination
of the majority of food crops and plant species. These in
turn provide food for many animal species (van der
Sluijs and Vaage 2016). However, in this study, the
focus lies on the elimination of Anopheles gambiae.

Therefore, solely the role of these Anopheles species
within their native ecosystem needs to be investigated.

The impact of the elimination of a species can be
determined through the losses it causes (Gascon et al.
2015). Not much is known about the pollination effects
of A. gambiae mosquitoes, but studies indicate that
A. gambiae do not occupy an essential role in the food
cycle (Collins et al. 2018). However, losses can some-
times be hard to determine due to complex interactions
in the ecosystem (Gascon et al. 2015). In general, high
biodiversity is an indicator of a healthy ecosystem and a
stable environment (European Commission 2019). This
relates to the concept of redundancy, to what extent
other species can take over functions in a system if other
species were to disappear (Rosenfeld 2002). For the case
of A. gambiae elimination, this means that its disappear-
ance would reduce the biodiversity and redundancy in
the ecosystem. However, redundancy in the ecosystem
would most likely mean that the mosquito species’
functions would be taken over, neutralizing the harmful
effect of its extinction. Themajority of experts agree that
the effects on the local ecosystem of a species of mos-
quito disappearing, would not be significant (Fang
2010). Before genetically engineered mosquitoes can
be released, field trials have to be performed in order
to provide a thorough overview of the ecological depen-
dency on A. gambiae mosquitoes. Recently, Target
Malaria, a not-for-profit organization funded through
the Bill & Melinda Gates Foundation that focusses on
finding gene drive solutions against malaria, has re-
ceived a grant for a four-year study from Open Philan-
thropy, a research foundation. Amongst other things, the
study will investigate potential ecological effects of the
disappearance of A. gambiae (Open Philanthropy 2017;
Target Malaria 2020).

These and other environmental impact studies will
determine the impact of releasing genetically engineered
mosquitoes into the wild.

The Impact of Gene Drives

The use of CRISPR-based gene drives has been met
with controversy, due to its self-replicating and poten-
tially irreversible nature (Cisnetto and Barlow 2020).
However, the current measures taken against malaria
should be considered in order to make accurate assess-
ments of the effects of gene drives. If current measures
against malaria are associated with greater adverse ef-
fects than the elimination of A. gambiae species or the
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use of gene drives, the development of gene drive tech-
nologies should be encouraged.

The two main forms of vector control today are the
use of insecticide-treated mosquito nets and indoor
spraying with residual insecticides (World Health
Organization 2020a). The insecticides that are used do
not discriminate between the different mosquito species
and also target species that do not transmit human
diseases (Hammond and Galizi 2017). On the other
hand, they also target mosquitoes that transmit other
diseases. Gene drives are targeted against one specific
species and can therefore be regarded as a technology
which has a reduced negative impact on biodiversity.
However, this advantage would disappear if crossbreed-
ing or horizontal gene transfer occurred between the
genetically modified A. gambiae and related mosquito
species. To prevent this, control strategies through mo-
lecular constraints have to be implemented that elimi-
nate the threat of the gene drives spreading to non-target
species (Naegeli et al. 2020).

A common argument against CRISPR-based gene
drives is that they cause irreversible changes in genes.
However, insecticide-resistance that is being built up by
Anopheles species also makes inheritable changes in
their genes with possible environmental impacts (Nkya
et al. 2013). Then again, resistance to the gene drives
can also be developed by the genetically modified mos-
quitoes (GMMs) which might cause environmental
harm (Unckless, Clark, and Messer 2017). Insecticides
would most likely still have to be used to protect against
other mosquito-borne diseases such as dengue, Zika, or
yellow fever, but were GMMs released into the envi-
ronment, this would most likely lead to a decreased
dependency on these insecticides (Hammond and
Galizi 2017). Moreover, new genetic elements might
reverse gene drives, disputing the irreversibility of the
technology (Xu et al. 2020). In conclusion, as the tech-
nology improves continuously, some current arguments
against gene drives will no longer be relevant.

Maximizing benefits and minimizing risks in public
health interventions is not an easy feat. No intervention
has zero risks, so a risk-weighing principle has to be
applied. Possible environmental risks and public health
benefits, being a significant decrease in the spread of
malaria, must be balanced against each other. The ques-
tion arises whether it is acceptable to promote public
health at the expense of the environment. It should also
be taken into account that when the environment is
harmed, often public health also suffers. A decision then

must be made about how much impact would be per-
missible, before it is deemed unethical to proceed. In
other words: to what additional unwanted effects should
we consent to achieve malaria eradication? The WHO
recommends a risk assessment for the release of GMMs
in their guidance framework for testing of genetically
modified mosquitoes. It is pointed out that in countries
with national environmental policies and protection
goals, these should determine the threshold of what are
acceptable risks. A general standard that could be used
is also mentioned: “whether a specific GMM implemen-
tation ‘causes more harm’ than populations of wild
mosquitoes managed under current practice” (World
Health Organization 2014, 40). This standard has pre-
viously been used in Australia for the release of Aedes
aegypti mosquitoes containing the Wolbachia bacteria
in order to combat dengue (Murphy and Jansen 2010).

Another principle of risk mitigation that can be used is
the precautionary principle. The precautionary principle
emphasizes preventive decision-making in order to protect
public health or the environment when there is a plausible
risk (European Commission 2000; World Health
Organization 2014). It promotes preventive rather than
reactive action. The onus is on the proponents of the
measure, meaning that they have to prove that the technol-
ogy is safe rather than other parties having to prove that it is
unsafe (Pearce 2004). The Convention on Biological Di-
versity highlights the importance of the precautionary ap-
proach when there is a threat to biological diversity caused
by products of synthetic biology (Convention on
Biological Diversity Conference of the Parties 2012).
However, a strict interpretation of the principle implies that
“regulatory approval should not be granted until all possi-
ble or theoretical risk and safety issues are scientifically
resolved, regardless of societal needs and potential bene-
fits” (World Health Organization 2014). This has been
heavily criticized due to its innovation-hindering effects,
since proving complete safety is close to impossible. Other
interpretations of the precautionary principle are less risk-
averse and would favour eradication efforts. Resnik
(2021), for example, states that communities should decide
whether the benefits of releasing genetically engineered
mosquitoes trump the risks. Ostera and Gostin (2011, 931)
emphasize the necessity for new regulatory pathways and
the establishment of a new treaty body. They argue that “if
the scientific evidence demonstrates significant disease
reduction with low ecological risks, the precautionary
principle should not impede meaningful benefits for hu-
man health.”
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In conclusion, the strict interpretation of the precau-
tionary approach falls short as a risk-mitigating principle
when discussing malaria eradication. The negative im-
pact of malaria is too substantial to never allow any risks
in trying to combat it. A risk assessment, as recommend-
ed by the WHO, or a milder interpretation of the pre-
cautionary principle, takes this argument into account
and should therefore be adopted.

Societal Consequences

In 2018, approximately 2.7 billion dollars was invested
globally in malaria control and elimination efforts
(World Health Organization 2019b). This in itself is
money invested in a worthy cause. Yet, ethical issues
arise when, inevitably, trade-offs have to be made when
these funds are assigned. Finite resources must be di-
vided between an expanding range of competing health
programmes. For malaria, the possibilities include: so-
cioeconomic development, insecticide use, water man-
agement, research into vaccines, drug development, or
recently, focus on gene-editing technologies to modify
insect vectors. It should be evaluated whether the funds
that are directed towards new biotechnological tech-
niques would not be put to better use by investing in
other areas, such as socioeconomic development.

Poverty is a prime cause of malaria prevalence in
sub-Saharan Africa (Degarege et al. 2019). People liv-
ing in poverty do not always have the means to buy
insecticides, bed nets, or drugs against malaria
(Macintyre et al. 2002). Indirect reasons include badly
built houses that allow Anopheles mosquitoes to enter
more easily (Lindsay et al. 2003) and limited education
resulting in low levels of awareness about malaria pre-
vention and treatment (Tarimo et al. 2000; Njama et al.
2003). Reducing poverty would decrease the malaria
burden but would also reduce the prevalence of other
non-communicable diseases such as diabetes or cardio-
vascular diseases (Pullar et al. 2018). Therefore, public
health measures and increased investments aimed at
socioeconomic development as opposed to novel bio-
technologies could be very beneficial (Tusting et al.
2013). However, eradicating malaria would reduce pov-
erty since the disease hinders economic development
(Arrow, Panosian, and Gelband 2004). Also, socioeco-
nomic status of a country is not the only reason for a
higher malaria rate; environmental conditions also play
a big role (Endo and Eltahir 2016). The latest WHO

report on malaria eradication states that eradication of
malaria will result in a return on investment of billions
of dollars (World Health Organization 2020b). More-
over, turning a blind eye to diseases while focusing on
socioeconomic advancement would be unethical from a
justice point of view, since access to healthcare is a
fundamental right of every person.

A complex and ethically-laden technology like gene
drives needs effective and robust decision-making pro-
cesses. The question of who should be involved in these
processes is of great importance. The National Acade-
mies of Sciences, Engineering, and Medicine (2016)
describe engagement as a vital part of research and de-
velopment of gene drives. TheWHO also emphasizes the
need for community engagement in genetically modified
mosquito trials (World Health Organization 2014). Ge-
netic modifications generally have encountered much
resistance from communities. The introduction of gene
drives would be even more challenging, because it is a
new and complex technology that is hard to explain. This
causes a so called “cognitive distance” between scientists,
policymakers, regulators, and the public (Cisnetto and
Barlow 2020). It is of vital importance to gain public
trust in order to get acceptance. To obtain this, it is
necessary to be sufficiently transparent as a company or
research group (Cisnetto and Barlow 2020).

Oxitec, a British biotechnology company, has simi-
larly developed genetically engineered mosquitoes. The
company targets Aedes Aegypti mosquitoes which are
vectors for diseases such as Zika and dengue fever.
Their technology is based on a “self-limiting gene” that
keeps female mosquitoes from surviving. The gene is
non-persistent, which means that, unlike gene drives,
the genes follow a Mendelian inheritance pattern
(Oxitec 2020). This means that new modified mosqui-
toes have to be released regularly in order to keep the
gene present in the ecosystem (Cisnetto and Barlow
2020). The company has carried out successful field
trials in the Cayman Islands and Brazil where the Ae.
aegypti population was decreased by 80 and 95 per cent,
respectively (Harris et al. 2012; Carvalho et al. 2015).
When Oxitec introduced their GMMs in the Cayman
Islands they had approval from the government but
failed to obtain consent from or even inform the local
community (Resnik 2018). This led to a lot of criticism
and the following field trials in Malaysia, Brazil, and
Florida were conducted with ethical community engage-
ment. It appears that when the community is effectively
involved, this led to a more receptive position
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concerning the technology (Resnik 2018). When Target
Malaria executed a small field trial with GMMs in a
village in Burkina Faso, they engaged actively with the
local community. They co-developed an acceptance
model in which a reference community group was es-
tablished (Target Malaria 2019). Resnik (2018) outlined
common standards in guidelines used for ethical en-
gagement with communities in his paper. These include
timeliness, consent, information sharing, transparency,
responsiveness, mutual understanding, respectfulness,
and inclusiveness. If Target Malaria continues to en-
gage with the communities in which further field trails
will be conducted according to these standards, public
trust will probably gradually be obtained which is of
crucial importance for the eventual actual release of
A. gambiae.

So far, only field trials have been implemented in
which the GMMs were physically or ecologically
contained. In these situations, the GMMs are unlikely to
escape and the trials can quickly be terminated (World
Health Organization 2014). The phase of actual imple-
mentation, or open-field releases, is accompanied by even
more ethical complications. The mobility of mosquitoes
can cause the GMMs to travel across borders.
Transboundary movement issues have been tackled by,
among others, the Cartagena Protocol on Biosafety
(CPB). The CPB is the most important internationally
ratified treaty that has an effect on the regulation of
GMMs in developing countries (World Health
Organization 2014). The protocol describes an Advance
Informed Agreement (AIA) procedure that applies before
the first intentional transboundary migration of living
modified organisms (Convention on Biological
Diversity 2013). However, the AIA procedure requires
that the possibility of unintentional transboundary move-
ment needs to be determined. Since this is very difficult to
determine and prevent with gene drives, environmental
release would not be possible (Marshall 2010). When the
CPB was established, gene drives were not in the picture
yet and new issues arise with this new technology. New
protocols need to be established to tackle the problems
around transboundary movement. Further developments
in the technology, such as daisy-chain gene drives, could
also decrease the threat of the gene drives spreading to
non-targeted areas (Noble et al. 2019).

An issue which has yet to be addressed is the level of
consent required. Community consent might become
inadequate since the mosquitoes can travel around and
across entire countries. Whether or not GMMs can be

released in a country will most likely be decided by the
national governments. However, ethical engagement
with the community in places where the mosquitoes
are released remains necessary. This community also
needs to be accurately defined. Resnik (2019, 242)
proposes that the community includes “people who live
near enough to the proposed field trial site that their
health or environment is likely to be directly and imme-
diately impacted by the release.” Non-target,
neighbouring areas would be part of the public engage-
ment. If the GMMs were then to spread farther than
expected, it would be crucial that everyone had received
sufficient information about the technology. Therefore,
an extensive information campaign is needed in the
countries where the mosquitoes might live and breed.
This will be a difficult but necessary challenge in the
implementation and future of the technology.

Conclusion

Prevention of human suffering by eliminating infectious
diseases is a commonly accepted ethical principle that
has been central in policymaking and science. It is also
an ethical foundation of public health. However, there
are different ways to achieve this goal, and the most
ethically justified means should be used to accomplish
this. Although genetically engineering an organism
might be justified from a public health perspective, it
raises several ethical concerns. This is especially the
case when the technique causes the organism to become
extinct since the risks might be too great to warrant the
intervention. A detailed balance sheet must be drawn up
detailing the possible favourable and adverse conse-
quences, to enable a well informed decision about the
implementation of such a measure.

The eradication of species for the sake of public
health raises many ethical concerns. The fact that
people have already caused the eradication of many
other species and could purposefully eradicate anoth-
er one just to save more human lives demands serious
deliberation. The intrinsic value and moral status of a
species must be taken into consideration when erad-
ication is discussed. As A. gambiae are generally
ascribed a low moral status, its eradication from the
earth would not be mourned by many. Even the
renowned conservationist E.O. Wilson has expressed
the wish to eradicate A. gambiae (Adler 2016).
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The use of gene drives to eliminate A. gambiae is met
with a lot of apprehension due to its side effects. How-
ever, the current broad-spectrum interventions against
malaria possibly decrease biodiversity more than the
species-specific gene drive technologies would. None-
theless, a harm-benefit analysis must be made to deter-
mine whether releasing genetically engineered mosqui-
toes into the wild would be beneficial. Then, a decision
must be made regarding acceptable risks. Taking into
account that the eradication of malaria would save hun-
dreds of thousands of lives each year, it would be
immoral to reject this technique altogether.

It seems that policymakers have to make a decision
about whether to invest in new biotechnologies to com-
bat malaria or focus on socioeconomic development.
However, eradicating malaria will also have a positive
impact on a nation’s socioeconomic status. A not-for-
profit organization such as Target Malaria can assist in
this by developing and providing GMMs, complemen-
tary to current efforts against malaria. However, it is
vital for such an organization to be sufficiently transpar-
ent and to address public trust. Community engagement
will be of great importance to achieve this.

The eventual release of the GMMs will be regulated
by national governments. They have to form an agree-
ment due to possible transboundary movement of the
mosquitoes. The Cartagena Protocol on Biosafety pro-
vides a guideline for this, but new protocols will be
needed to tackle this issue. Obtaining public consent
for a technology implemented on a large scale will
represent a very difficult hurdle in the practical applica-
tion of this technology. A first step towards public
engagement will be to make sure that the public has
sufficient information about the technology.
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