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BATTLE OF THE MOSQUITOES

Malaria has found anew ally in the concrete jungle — but scientists are fighting back with
mosquitoes of their own. By Paul Adepoju

he mosquito was frozen in place.

Its tiny body, no longer buzzing,

lay still on the cold metal surface,

caughtinamoment of stasis. A few

minutes earlier, ithad beenactive,
darting around Oxitec’s research facility,
amodified version of nature’s most danger-
ouskiller.

“We putthemonicebecause that slowsthem
down”,an Oxitecscientist explained, adjusting
the microscope. “It makes our job easier”.

This laboratory in Abingdon, England,
is where an ambitious mosquito control
project is unfolding. The work being done

here —modifying Anopheles stephensi mosqui-
toesto fight malaria—hasimplications not just
for Djibouti, where the genetically modified
insects are being released, but for the entire
African continent.

Outside, it'sachilly7°C, butthelabis surpris-
ingly warm and humid: a digital thermometer
plugged in beside the microscope reads 21.1
°C — perfectly mimicking a mosquito’s natural
habitat. Large cages fill a section, each holding
different generations of modified mosquitoes,
bred with a self-limiting gene that ensures that
only male offspringsurvive when they mate with
wild females.

On one side of the lab, scientists peer into
microscopes, searching foratiny fluorescent
marker inside the mosquitoes’ bodies — a
glowing signature that confirms the genetic
modification was successful. Each mosquito
is carefully examined (Fig. 1), its fate decided
under the magnifying glass.

“This is the job the team does every day”,
explains one of the scientists to Nature Medi-
cine. “We look for that fluorescent marker
under the microscope. If we see it, we know
itworked”.

The modified males don’t bite and don’t
spread malaria, but whenreleased into the wild,
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they seek out female mosquitoes — the ones
responsible for disease transmission. Their
female offspring don’t survive, causingagrad-
ual declinein the malaria-carrying population.

It sounds simple in theory, but in practice,
creating and breeding these mosquitoes is a
painstaking, manual process.

Inone corner of the lab, aninjection station
hums quietly. Here, the real work begins.
Scientists use microscopic glass needles to
inject atiny genetic construct into individual
mosquito eggs — one by one.

“If you're too rough, the eggs explode”, a
technicianexplains, as they line up eggs under
the microscope. “You have about a30-minute
window before they mature too much to
inject.” The bestinjectors manage about1,000
eggsaday.

A colleague nods in agreement. “Some
days, your needle will break five timesinarow.
Those are bad days.”

The precision and patience required to do
this work is extraordinary. Each step — from
collecting mosquito eggs to injecting them,
to breeding the next generation — is done by
hand, often with frustratingly narrow margins
forerror.

Once the mosquitoes are successfully bred,
they must be shipped to the field. Djibouti,
a small country on the Horn of Africa, is cur-
rently at the frontline of this experiment (see
map). The mosquitoes in Oxford will soon be
part of a high-stakes fight for malaria con-
trol in Africa. Unlike other malaria vectors,
A. stephensi thrives in urban environments,
breedinginwater storage tanks, wellsand even
discarded containers. Traditional malaria con-
troltools —such asbed nets and insecticides —
have proven largely ineffective.

“We’ve never had to fight malaria in cities
like this before”, says Grey Frandsen, Oxitec’s
CEO. “This mosquito is rewriting the rules of
malaria transmission in Africa.”

Asoldier’sbattle

Colonel Abdoulilah Ahmed Abdi has spent his
career fighting enemies — some visible, oth-
ers microscopic. As the health advisor to the
president of Djibouti, his days are filled with
strategic planning, crisis managementand the
relentless push to keep the nation’s popula-
tion healthy. But for all his experience on the
frontlines of public health, nothing prepared
himfor the enemy that would strike closest to
home: malaria.

In2012, Djiboutiwas nearing a public health
milestone. The country was on track to elimi-
nate malaria, thanks to a carefully orches-
trated strategy targeting Anophelesgambiae,

Fig. 1| Mosquito modification. Scientist at the Oxitec laboratory in Abingdon painstakingly prepares
mosquitoes for genetic modification.

the dominant mosquito species. Abdi and his
team knew the seasonal pattern of the disease,
the breeding cycles of the mosquito and the
precise interventions required to keep cases
low. Then, seemingly out of nowhere, every-
thing changed.

Foryears, the fight against malaria hasrelied
on familiar tools: bed nets, insecticides and
medication. But in Djibouti, where malaria
cases skyrocketed from 27 in 2012 to over
73,000 in 2020, these traditional defenses
were no longer enough.

“We knew what we were dealing with — until
wedidn’t”, Abdirecalled.“ThencameAnopheles
stephensi, and everything we thought we
knew about malaria control was thrown
intochaos.”

Unlike A. gambiae, which thrives in rural
areas, A. stephensi is adapted to urban life,
breeding wherever city dwellers store water.
Its arrival in Djibouti in 2012, confirmed by
Abdi’s military research team, was not just an
entomological discovery; it was the start of a
malaria resurgence.

Abdihimselfbecame a casualty. “Theirony
is,  had been working for years to protect
people from malaria, and yet I found myself
inahospital bed, fighting it”, recalls Abdi, his
voice amix of frustration and resignation. “It
was one of the worst experiences of my life.”

Theillness hithard. Malariais unforgivingin
its symptoms — fever, chills, exhaustion — but

for Abdi, the psychological weight was just
as heavy. How could a country on the verge
of eliminating malaria suddenly be back in
acrisis?

“People don’t realize how devastating
malaria is until they experience it first hand”,
Abdisaid. “Iwouldn’t wishit on anyone, which
is why we’re doing everything we can to stop
this mosquito before it turns Djibouti’s cities
into malaria hotspots. Anopheles stephensiis
a game changer. If we don’t act fast, it won't
justbe Djibouti — it will be cities across Africa,
battling a version of malariawe never thought
possible.”

The urban mosquito

For decades, malaria has been a predomi-
nantly rural disease in Africa, transmitted by
mosquitoes that thrivein natural water bodies.
Asurbanizationaccelerates across Africa, the
rapid spread of A. stephensi in African cities
poses acritical test for malaria control strate-
gies. Sinceits detectionin Djiboutiin 2012, A.
stephensihas beenreported in Eritrea, Ethio-
pia, Ghana, Kenya, Nigeria, Somalia, Sudanand
Yemen (Fig. 2).

Unlike traditional malaria vectors, this
mosquito species loves city life. Traditional
malaria control strategies like bed nets and
indoor spraying are ineffective because
A. stephensi bites outdoors and during the
day. Its resilience to high temperatures and
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resistance to multiple insecticides have ena-
bled it to survive in previously inhospitable
settings.

The 2024 World Malaria Report warns that
without urgent intervention, A. stephensi
could derail malaria elimination efforts, par-
ticularly in Africa. The mosquito’s ability to
persist through dry seasons and evade con-
ventional control measures present a signifi-
cant public health threat. The World Health
Organization (WHO) has urged affected
countries to enhance surveillance, imple-
ment targeted vector control measures and
share data on A. stephensi spread to prevent
further expansion.

How countries respond to this emerg-
ing vector will determine whether malaria
remains a controllable disease or becomes
aneven greater urban epidemic.

“This mosquito is not just resistant to mul-
tiple insecticides — it also thrives in urban
environments, which makes it much harder
to control”, Abdi notes. "We need something
complementary to the existing tools —some-
thing sustainable and innovative."

Modified mosquitoes

Djibouti is the first African nation to attempt
to use biotechnology to outmaneuver malaria.
It approached Oxitec, a UK-based biotech
company, in late 2018, and after signing an
agreementin 2021, the country haslaunched
an ambitious multi-year program to deploy
genetically modified mosquitoes asaweapon
against the disease.

For Djibouti, the stakes could not be higher.
Theresurgence of malaria has threatened both
lives and economic growth, with the govern-
ment citing lost tourism and investment as
direct consequences.

The pilot phase is now underway, with
results expected in mid-2025. The first mos-
quito release was symbolic, marking the pro-
ject’s launch in May 2024. The impact phase
involves field trials to measure mosquito sup-
pression, malaria case reductions and envi-
ronmental effects. Over the next few years,
the program will gradually increase mosquito
releases, with larger pilots across different
communities, and will measure impact and
refine the approach.

For Abdi, this is more than just an experi-
ment — it’s a critical moment in malaria
control. “We are in a pilot phase now”, Abdi
explains. “In a few months, we will enter the
impact phase — this iswhen we will determine
whether our approach truly reduces mos-
quito populations and, more importantly,
malaria cases.”
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Fig. 2| The spread of invasive mosquitoes. Invasive A. stephensi was first detected in Djibouti in 2012. Since
then, WHO has received reports of A. stephensi detections from Eritrea, Ethiopia, Ghana, Kenya, Nigeria,
Somalia, Sudan and Yemen. Data from WHO Malaria Threats Map.

Genetic modification fears

Genetic modification remains a sensitive issue
inAfricabecauseit resonates with painful his-
tories of external control and uneven benefit:
during colonialism, biological resources were
often extracted without local gain, and more
recently, the spread of patented genetically
modified seeds by multinational agrochemical
companies stirred fears of ‘seed sovereignty’
loss among smallholder farmers.

This skepticism extends into health applica-
tions, where past missteps in externally led
trials have made communities insist on full
transparency, local leadership and the right
to refuse. Although locally driven biotech
initiatives — such as CRISPR research hubs in
South Africa and vitamin A=enriched crops
inKenya —are building trust by showing clear
public benefits, any new intervention involv-
ing genetic modification must still navigate
deep-rooted concerns over who controls the
technology and who truly profits fromiit.

Abdi acknowledges the skepticism sur-
rounding the Djibouti trials, particularly from
those wary of genetic modifications. The team
took a deliberate, education-first approach
to address local worries about genetically

modified mosquitoes, withafocus onbuilding
localexpertise. Fromthestart, they investedin
training Djiboutian entomologists to master’s
and PhD levels and equipping a new African
lab.

That way, the colonel said, “it’s our own peo-
ple on the ground”, who can speak authori-
tatively about the mosquito’s biology, the
genetic construct and what to expect in the
field. He also emphasized that “we have to
convince and educate and tell what is going
on... there’s a lot of things we have to tell the
people”. Every claim — how long the geneti-
cally modified males survive, that they don’t
persistinthe environmentor cross-breed with
other species — is shared openly, in simple
language, so residents know exactly what'’s
beingreleased.

According to Abdi, recognizing that genetic
modification can trigger conspiracy theories,
the project leaders hold regular public forums
and Q&A sessions and conduct door-to-door
outreach. Their approach is backed up by
on-the-ground demonstrations (such as show-
ing live genetically modified males in secure
cages) to counter misinformation. Colonel Abdi
says they have engaged with regulators, local
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leaders and partnersto achieve grassrootssup-
port, including promising to release allimpact
and safety results as soon as data are available.
This collaborative approach to ecological
studies is key, say the partners. Before any
releases, local teams and Oxitec scientists
carry outjoint surveys of breeding sites, mos-
quito lifecycles, flight ranges and insecticide
resistance. By involving community members
directly in that research, they say, this helps
to demystify the science and build a sense of
collective ownership over the data.

Scalingup

The success of genetically modified mosquito
projects depends not just on community trust
and scientific viability, but also on logistics,
costand regulatory approval.

Regulatory approval in Africa for geneti-
cally modified mosquitoes follows arigorous,
stepwise process built from the ground up:
first, Oxitec must fully characterize each strain
in the lab — and implement a quality-control
system that routinely samples insects to con-
firmthe desired traits. Next, national biosafety
authorities oversee small pilot releases, each
designed to show that released males are
self-limiting within a few generations, have
no unintended effects on non-target species
and measurably suppress wild populations.

Because Eastern Africa has no regional
precedent for trials of genetically modified
mosquitoes, the Djibouti team is in constant
dialogue with the WHO to align on data
requirements and best regulatory practices,
with broader approval contingent on robust
safety and efficacy data. And unlike Brazil
or the USA — where detailed guidelines on
genetically modified organisms already exist
—many African nations must develop or adapt
biosafety regulations, establish expert review
committees and create public consultation
processes fromscratch, adding time and com-
plexity to each country’s review pathway.

Oxitec said that it is already engaging
with Kenya, Tanzania, Uganda and Ethiopia,
where A. stephensi has been detected. How-
ever, expanding this technology will require
significant investment in large-scale produc-
tion facilities capable of supplying modified
mosquitoes to multiple countries.

“We are now in dialogue with multiple
national malaria control programs”, said
Oxitec’s CEO Frandsen. “This is a regional
issue. A Ugandan A. stephensi doesn’t care
about borders, so we need a coordinated
response across Africa.”

Although governments are eager for solu-
tions, global malaria funding has stagnated,

and a recent freeze in US donor funding has
threatened the future of current projects.
Though organizations such as the Global
Fund and the Gates Foundation have said that
they remain committed to malaria eradica-
tion, the overall financial commitment is not
increasing — raising concerns about long-term
sustainability.

Moreover, despite its potential, genetically
modified mosquitotechnologyisnotyetacore
component of the WHO’s malaria strategy.
The organization has taken a cautious
approach, prioritizing traditional interven-
tions like bed nets and indoor spraying. In
its 2021 guidance, the WHO said that it rec-
ognizes genetically modified mosquitoes as
potentially powerful, species-specific tools
to complement existing interventions against
malaria, dengue and other vector-borne dis-
eases, but emphasizes that their use must
follow a rigorous process — from secure lab-
oratory proof of concept through confined
and then progressively larger open-release
trials — to demonstrate both safety and
efficacy.

Frandsen, however, remains optimistic that
wider acceptanceis coming, especially asthe
limits of existing tools become clearer.

“We’re seeing a shift in how policymak-
ers view biological technologies”, he says.
“Governments are realizing that if they don’t
embrace innovation, their populations will
continue to suffer. This isn’t about replacing
existing tools — it’s about adding something
that works where other tools fail.”

There are lessons to be learned from other
countries where modified mosquitoes have
been introduced. Neil Morrison, chief strat-
egy officer at Oxitec, believes that the African
mosquitoes can be scaled up fast enough to
make arealimpact.

“We’ve done it already with another mos-
quito”, says Morrison, referring to Aedes
aegypti, the vector for dengue fever. In Bra-
zil, Oxitec has built its largest-ever mosquito
factory, producing and releasing genetically
modified mosquitoes atindustrial scale. Now,
Morrison and his team are working to adapt
that model for malaria control.

“We know we can do this. The challenge is
transferring what we learned in Brazil to East
Africa, where malaria—andits vectors — oper-
ate differently”, Morrison said.

Race against time

Despite the urgency of the malaria crisis, Mor-
rison acknowledges that genetic mosquito
technology in general took over a decade to
reach this stage. “If this had been available

when bed nets and insecticides became the
standard tools, it would have been one of the
first things we used”, he said.

He arguesthat the delaywasn’tduetoalack
of vision — it was about turning the concept
into something that could be produced and
deployed atscale. According to Morrison, the
last five years have been dedicated to perfect-
ingthe production process, and now, hesaid, it
is time to apply those lessons in Africa.

Whereas some genetic interventions are
designed to persist indefinitely, he said
Oxitec’s mosquitoes are self-limiting — mean-
ing that once releases stop, they disappear.
“The moment you stop releasing our friendly
males, they vanish from the environment”,
Morrison said.

According to him, this makes the technol-
ogymoreappealing toregulatorsand less con-
cerning for communities wary of unintended
consequences.

Beyond malaria

Although the current focus is on malaria,
Morrison revealed that Oxitec is already
working on genetic solutions for other dis-
eases and pests. For dengue and Zika fever, it
already deploys genetically modified Aedes
mosquitoes. For agricultural pests, Oxitec’s
new projects target insect species that
threaten food security, such as the Mediter-
ranean fruit fly and diamondback moth. And
for livestock diseases, researchis underway
onvector-borneillnesses affecting cattle and
other animals.

Morrison envisions afuturein which genetic
control tools are as common as bed nets and
vaccines — tailored to different regions, dif-
ferent diseases and different public health
challenges.

“We’re in constant dialogue with WHO,
but for now, we’re focused on demonstrat-
ing results in the countries we serve”, Mor-
rison explained. This means that Djibouti’s
experiment is crucial: if it succeeds, it could
provide the data needed to push the WHO
toward broader acceptance of genetic mos-
quito technology.

William Moss of the Johns Hopkins Malaria
Research Institute sees promise in Djibouti’s
genetically modified mosquito experiment
but warns that no single tool will eliminate
malaria. He believes that genetic mosquito
technology must be part of a larger strategy,
combining vaccines, insecticides, surveillance
and community-driven solutions.

And Moss emphasizes that no interven-
tion can work without community buy-in.
“We can have all the technologies we want,
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butifthey're notaccepted by the community,
they're not going to work.”

Thisreality, Abdisaid, underscorestheurgency
oflocal engagement — ensuring that the people
most affected by malaria are active participants
inthe solutions designed to protect them.

The ultimate test of this technology will be
how well it integrates into existing malaria
control efforts across Africa. “We're only going
to defeat malaria with multiple tools”, says
Moss. “Even a very good vaccine is not going
tobe good enough.”

Paul Adepoju
Freelance journalist, Lagos, Nigeria.
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