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Abstract: Accounting for roughly 400,000 deaths and 300 million infections each year, malaria is one of the
toughest and most important global health challenges for scientists and public health policymakers. In order to
reduce malaria morbidity and illness, policymakers have implemented numerous antimalarial interventions in
endemic areas, such as indoor residual spraying and the distribution of bednets. A novel control method that more
directly targets the disease-transmitting vectors entails the genetic modification of mosquitoes and the release of
these modified mosquitoes into malaria endemic environments. In order to gain a clearer understanding of this
novel malaria control method, this paper thoroughly reviews the growing body of literature pertaining to
developments and issues in transgenic mosquito research. This paper finds that to date, scientists have approached
transgenic malaria research from two distinct angles. While some have attempted to induce female sterility traits
in mosquito populations, others have focused on spreading refractory genes into mosquito populations. Although
both research approaches have been demonstrated to have remarkable success, there are several bioethical and
public health considerations that must be taken into account before either method can be implemented in the field.
Most importantly, field implementation will require additional research on the population dynamics of mosquitoes
in endemic settings and a more thorough assessment of public consent in malarious communities. Once researchers
gain a more complete understanding of the biological, bioethical, and biopolitical facets of genetically modified
mosquitoes, genetic malaria control may become a reality.
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I. INTRODUCTION

Globally, malaria is an infectious disease that results in more than 400,000 deaths and 300 million infections each year
[1]. Approximately half of the world’s population lives at risk of malaria, making malaria one of the toughest and most
important global health issues for researchers and public health policymakers. In order to reduce morbidity and illness,
numerous antimalarial interventions have been implemented in regions where populations are at risk of malaria. Common
interventions in malaria endemic communities include indoor residual spraying, the dispensation of antimalarial drugs,
and the distribution of malaria bednets, among others [2,3,4]. Although these three interventions have greatly reduced
malaria-related deaths and infections in the past decade, these interventions alone are unlikely to completely eradicate
malaria at the international level. This is due, in large part, to the severe economic conditions in malarious areas, which
reduce availability and accessibility of antimalarial resources to the millions of people who require these resources [5].
Several studies have reported that in order to eliminate malaria, researchers will need to more directly target the vectors
that transmit malaria infections [6,7,8].

As a result of relatively recent technological developments, the most direct way to target malarial vectors may be the
genetic modification and manipulation of disease-transmitting mosquitoes. The rationale behind this novel malaria control
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method is that if mosquitoes are genetically transformed and rendered refractory against malaria infection, these
genetically engineered mosquitoes can be released into the natural environment. As a result, over several generations,
mosquito populations would become increasingly incapable of transmitting malaria, thereby reducing the global burden of
malaria to the point of disease eradication [9,10,11]. In theoretical terms, this novel malaria control method appears
promising and has therefore garnered the attention and interest of parasitology researchers and global health strategists.

In order to better understand the nature of genetically modified mosquitoes, this paper aims to expound on the findings
and technological advancements that have been made by researchers to date. Additionally, by virtue of a thorough
literature search using Google Scholar, this paper considers the bioethical and public health concerns that have surfaced in
response to the idea of genetically modified mosquitoes.

I1. DISCOVERIES AND DEVELOPMENTS THUS FAR

The idea of genetically manipulating mosquitoes as a malaria control method was first proposed in 1968 by Professor C.F.
Curtis at the London School of Hygiene and Tropical Medicine [12]. After major advances in the molecular manipulation
of Drosophila melanogaster during the 1980s, the World Health Organization released a document that enumerated three
research aims that would have to be fulfilled before field research on a malaria genetic control method could commence
[13]. These research aims were the development of tools that could be utilized for genetically engineering malaria
vectors, the identification of specific effector genes that could inhibit parasite transmission, and the invention of methods
to effectively drive these specific genes to fixation in wild mosquito populations [13]. In 2002, a report explained that
while the first two aims had been met, the third aim was still in the developmental stages [14].

In the last five years, as a result of the novel CRISPR-Cas9 technology, researchers have been able to accomplish the third
objective that was issued by the World Health Organization. The CRISPR-Cas9 gene-editing tool, which first emerged in
2012, enables scientists to cut a desired fragment of DNA and accurately modify or remove genetic sequences in a target
organism [15]. Moreover, the CRISPR-Cas9 gene-editing tool is remarkably inexpensive, costing only 30 United States
dollars per sequence. For these reasons, this powerful new technology has biomedical implications not only for malaria,
but also for sickle cell anemia, HIV/AIDS, cancers, and several other human diseases [16]. The implementation of the
CRISPR-Cas9 technology for diseases such as malaria, however, depends on innovative “gene drive” systems. First
proposed more than 10 years ago, synthetic gene drive systems use site-specific endonucleases to spread hereditary traits
throughout a population over the course of a few generations. Most importantly, the gene drive system ensures that the
gene of interest is passed down to all of an individual’s offspring, rather than the expected 50 percent, even if the gene
renders the offspring less fit [17]. For this reason, in a relatively short period of time, gene drive systems that enable this
type of super-Mendelian inheritance could transform the entire genetic makeup of mosquitoes in a way that might
eliminate their malaria-transmitting capabilities.

In 2015, using this notion as a basis, a team led by researchers at Imperial College London made an important discovery
that momentously advanced the potential of gene drives to eradicate malaria. In order to test the previously theoretical
gene drive, the researchers first identified three genes (AGAP005958, AGAP011377 and AGAP007280) that confer a
recessive female-sterility phenotype. Into each locus, the team inserted specific CRISPR-Cas9 gene drive constructs that
were designed to target and edit each gene. The paper, published in Nature Biotechnology, reported that at each targeted
locus, transmission rates of female-sterility genes from parent to offspring ranged from 91.4% to 99.6% [18]. The team
also found that one gene in particular (AGAP007280) met the established minimum requirement for a gene drive targeting
female reproduction in an insect population, suggesting that if this gene were to be inserted into a few individual
mosquitoes, an entire population of mosquitoes could acquire the gene within just a few generations. As a result, the
mosquito population would be soon characterized by universal female sterility, and the entire mosquito population could
be eliminated shortly thereafter. These findings highlight the promising potential of gene drives to accelerate the global
reduction of malaria transmission.

In contrast, another genetic solution to malaria focuses not on female sterility traits, but on malaria resistance traits.
Among several innovative technologies proposed to reduce malaria prevalence is the introgression refractory genes into
mosquito populations [19]. Such genes, if introduced into mosquito populations, would interfere with the vectors’ ability
to transmit the disease-causing pathogens to humans. Accordingly, a team of researchers from the University of California
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at Irvine and the University of California at San Diego investigated the potential of this novel method last year. Using the
Asian malaria vector Anopheles stephensi, the team developed a highly efficient gene drive system that can rapidly spread
antimalarial genes into a target vector population. The study, published in the Proceedings of the National Academy of
Sciences, reported that following outcrosses of transgenic lines to wild-type mosquitoes, the antimalarial genes were
successfully introgressed into 99.5% of the progeny [20]. These findings suggest that engineered refractory genes can be
rapidly spread into a population of mosquitoes, thereby rendering the entire population unable to transmit malaria
infections.

Therefore, scientists have made momentous strides towards the development of technologies that manipulate the genes of
mosquitoes as a means to substantially reduce malaria transmission. To date, researchers have approached genetic
engineering of mosquitoes from two distinct angles. While some have focused on inducing female sterility in mosquito
populations, others have concentrated their efforts on spreading refractory genes that would maintain the existence of
mosquitoes, but prevent the transmission of pathogens from mosquitoes to humans. Interestingly, both methods have been
demonstrated to have remarkable efficacy as potential malaria control measures.

I11.  BIOETHICAL AND PUBLIC HEALTH CONCERNS

Despite the promising potential reported in recent studies, however, these novel genetic control strategies have spawned
bioethical and public health concerns that ought to be duly considered before genetic mosquito control can be
implemented in field settings.

Prior to the release of genetically modified mosquitoes into the field, researchers will need to develop a stronger
understanding of the ecological and population genetic aspects of genetic malaria control. In order to establish reasonable
goals and procedures for the release of genetically modified mosquitoes in field trials, researchers must first study the
dynamics of the natural populations of mosquitoes, as well as their prey and predators. A firm understanding of
population dynamics will enable researchers to more accurately assess the feasibility of specific release strains and
potential release timelines [14]. Population genetics studies, such as one that examined gene flow among populations of
the vector Anopheles gambiae in Mali, will enable policymakers to more effectively plan the logistics of field trials,
which will be essential to the success of transgenic mosquito releases in natural field settings [21]. Without proper
planning and without sufficient knowledge on the ecology and population dynamics of natural mosquito populations in
malaria endemic settings, releases of genetically modified mosquitoes may be unsuccessful, thereby weakening public
trust and confidence in the potential of genetic malaria control [14]. Therefore, researchers must thoroughly study the
ecological aspects of transgenic mosquito releases prior to the implementation of large-scale field trials.

Moreover, concerns have been raised by bioethicists. The most important ethical consideration is the informed consent of
the public in communities where genetically modified mosquitoes may be released. Proper authorization and consent from
the community is a paramount ethical requirement that must be met before sites can be chosen for field research on
genetic malaria control [22]. Currently, the best way to assess public consent is most likely the implementation of large-
scale surveys that qualitatively or quantitatively evaluate participants’ knowledge, attitudes, and opinions about
genetically modified mosquitoes [23]. One such survey investigated the perspectives of people in Mali towards the idea of
releasing transgenic mosquitoes for malaria control [24]. The authors of this study found that although the majority of
participants supported genetic malaria control in their communities, they nonetheless wanted scientists to be sure of the
potential environmental and health consequences prior to releasing transgenic mosquitoes in field trials. These findings
underscore the importance of gaining and verifying public acceptance before testing transgenic mosquitoes in natural field
settings.

Although the aforementioned issues represent the primary ecological and bioethical concerns, there are still many more
points that public health researchers and strategists must consider. For example, although modern global health
interventions rely heavily on community engagement and public consent, the notion of a community remains poorly
defined because there is no standard scientific definition of a “community” or “community engagement” [25]. In other
words, there is no standardized procedure for obtaining a community’s consent for field research. Moreover, in
developing nations where transgenic organisms have historically had unintended consequences, political leaders may be
averse to the notion of releasing transgenic mosquitoes into the natural environment [26]. Thus, controlling malaria by
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means of transgenic mosquitoes is a multifaceted issue. There are a myriad of biological, bioethical, and biopolitical
considerations that must be taken into account before genetic malaria control can become a reality.

IV. CONCLUSIONS

By virtue of a thorough literature review, this paper examined the growing body of research on transgenic mosquitoes as a
novel malaria control method. Thus far, researchers have successfully developed techniques to rapidly spread female
sterility and refractory genes into mosquito populations. However, before these techniques can be implemented in field
trials, several ecological and bioethical considerations must be taken into account. Specifically, the implementation of
field trials will require additional research on the population dynamics of wild mosquito populations in endemic areas and
a more thorough analysis of public and political perspectives on genetic malaria control in developing countries. Only
once the various scientific, ethical, and political facets of transgenic mosquitoes are given full consideration will
researchers be able to proceed to large-scale field research on genetically modified mosquitoes.

REFERENCES

[1] World Health Organization. 2015. World Malaria Report. World Health Organization, Geneva, Switzerland.

[2] Kleinschmidt I, Schwabe C, Benavente L, et al. Marked Increase in Child Survival after Four Years of Intensive
itmMalaria Control. Am J Trop Med Hyg 2009; 80(6): 882-888.

[3] Garg R. A Systematic Assessment of Barriers to Successful Malaria Control in Rural African Communities:
Implications for Public Health Policy. Int J Healthcare Sci 2016 August 17; 4(1): 311-20

[4] Eckhoff P. Mathematical models of within-host and transmission dynamics to determine effects of malaria
interventions in a variety of transmission settings. Am J Trop Med Hyg. 2013 May 1;88(5):817-27.

[5] Manfredi C. Can the resurgence of malaria be partially attributed to structural adjustment programmes?.
Parassitologia. 1999 Sep;41(1-3):389.

[6] Beisel U, Boéte C. The flying public health tool: genetically modified mosquitoes and malaria control. Science as
Culture. 2013 Mar 1;22(1):38-60.

[71 Rafikov M, Bevilacqua L, Wyse AP. Optimal control strategy of malaria vector using genetically modified
mosquitoes. Journal Theor Biol. 2009 Jun 7;258(3):418-25.

[8] Riehle MA, Srinivasan P, Moreira CK, Jacobs-Lorena M. Towards genetic manipulation of wild mosquito
populations to combat malaria: advances and challenges. J Exp Biol. 2003 Nov 1;206(21):3809-16.

[9] Boéte C, Koella JC. A theoretical approach to predicting the success of genetic manipulation of malaria mosquitoes
in malaria control. Malaria J. 2002 Feb 25;1(1):1.

[10] Benelli G. Research in mosquito control: current challenges for a brighter future. Parasitol Res. 2015 Aug
1;114(8):2801-5.

[11] Alphey L. Can CRISPR-Cas9 gene drives curb malaria?. Nature Biotechnol. 2016 Feb 1;34(2):149-50.

[12] Curtis CF. Possible use of translocations to fix desirable genes in insect pest populations. Nature, London.
1968;218(5139):368-9.

[13] World Health Organization. Prospects for malaria control by genetic manipulation of its vectors. World Health
Organization, Geneva. 1991.

[14] Alphey L. Malaria Control with Genetically Manipulated Insect. Nature. 2002;415:702.

[15] Ledford H. CRISPR, the disruptor. Nature. 2015 Jun 4;522(7554):20-4.

[16] Carroll D. Genome engineering with targetable nucleases. Annu Rev Biochem. 2014 Jun 2;83:409-39.

[17] Harmon A. Panel Endorses ‘Gene Drive’ Technology That Can Alter Entire Species. New York Times. 2016 June 8.

Page | 60
Novelty Journals




- Novelty Journals ISSN 2394-7330

International Journal of Novel Research in Healthcare and Nursing
Vol. 3, Issue 3, pp: (57-61), Month: September - December 2016, Available at: www.noveltyjournals.com

[18] Hammond A, Galizi R, Kyrou K, Simoni A, Siniscalchi C, Katsanos D, Gribble M, Baker D, Marois E, Russell S,
Burt A. A CRISPR-Cas9 gene drive system targeting female reproduction in the malaria mosquito vector Anopheles
gambiae. Nature Biotechnol. 2016 Jan 1;34(1):78-83.

[19] Hill AV. Malaria resistance genes: a natural selection. Trans R Soc Trop Med Hyg. 1992 May 1;86(3):225232-6.

[20] Gantz VM, Jasinskiene N, Tatarenkova O, Fazekas A, Macias VM, Bier E, James AA. Highly efficient Cas9-
mediated gene drive for population modification of the malaria vector mosquito Anopheles stephensi. Proc Natl
Acad Sci. 2015 Dec 8;112(49):E6736-43.

[21] Taylor C, Touré YT, Carnahan J, Norris DE, Dolo G, Traoré SF, Edillo FE, Lanzaro GC. Gene flow among
populations of the malaria vector, Anopheles gambiae, in Mali, West Africa. Genetics. 2001 Feb 1;157(2):743-50.

[22] Lavery JV, Harrington LC, Scott TW. Ethical, social, and cultural considerations for site selection for research with
genetically modified mosquitoes. Am J Trop Med Hyg. 2008 Sep 1;79(3):312-8.

[23] Macer D. Ethics and community engagement for GM insect vector release. Genetically Modified Mosquitoes for
Malaria Control. 2006:152-65

[24] Marshall JM, Touré MB, Traore MM, Famenini S, Taylor CE. Perspectives of people in Mali toward genetically-
modified mosquitoes for malaria control. Malaria J. 2010 May 14;9(1):1.

[25] Tindana PO, Singh JA, Tracy CS, Upshur RE, Daar AS, Singer PA, Frohlich J, Lavery JV. Grand challenges in
global health: community engagement in research in developing countries. PLoS Med. 2007 Sep 11;4(9):e273.

[26] Bohannon J. Zambia rejects GM corn on scientists' advice. Science. 2002 Nov 8;298(5596):1153-4.

Page | 61
Novelty Journals




