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Key findings
•	 Various	novel	forms	of	second-generation	

genetic	engineering	(GE)	technologies,	
such	as	gene	drive	technologies,	genome	
editing,	paratransgenesis	and	cisgenesis	
are	increasing	the	scope,	scale,	depth	
and	flexibility	of	interventions	that	can	
be	performed	by	the	biotech	industry,	
including	GE	wild	populations	and	
ecosystems.

•	 Research	and	development	(R&D)	projects	
are	largely	financed	by	European	and	
North	American	institutions;	the	Bill	and	
Melinda	Gates	Foundation	(BMGF);	and	the	
US	military	research	arm,	the	US	Defence	
Advanced	Research	Projects	Agency	
(DARPA).

•	 Africa	is	experiencing	several	health	
and	food	crises,	which	are	aggravated	
by	biodiversity	loss,	climate	change	and	
the	coronavirus	(SARS-CoV-2)	pandemic.	
The	malaria	and	locust	invasion	crises	
feature	among	those	“ancient”	crises	that	
the	GE	industry	is	seeking	to	exploit	in	
a	bid	to	force	Africa	into	adopting	these	
technologies.	

•	 The	biotechnology	industry	is	heavily	
investing	in	public	relations	(PR)	and	
lobbying	machinery	to	put	in	place	
permissive	regulations	and	secure	
acceptance	of	these	second-generation	
biotechnologies	focused	on	wild	insect	
populations.

•	 The	New	Partnership	for	Africa’s	
Development	(NEPAD)	is	supporting	gene	
drive	capacity	building	initiatives	on	the	
continent,	notably	with	the	support	from	
the	Open	Philanthropy	Project.

•	 The	Open	Philanthropy	Project	and	the	
BMGF	have	granted	significant	funding	to	
the	Foundation	for	the	National	Institutes	

of	Health	(FNIH),	which	in	turn	has	been	
relying	on	the	International	Life	Science	
Institute	(ILSI)	in	Africa	to	deliver	on	its	
mandate	to	pave	the	way	for	field	testing	
of	gene	drive	mosquitoes,	notably	through	
the	elaboration	of	permissive	regulatory	
frameworks.

•	 ILSI	is	heavily	funded	by	industry	and	
serves	as	a	pseudo-scientific	front-group,	
despite	its	“public	good”	façade.

•	 Current	“discovery”	research	that	is	
focused	on	wild	insect	populations,	for	the	
alleged	advancement	of	health	in	Africa,	
pertains	to	the	control	or	suppression	of	
mosquitoes	that	transmit	malaria.	Burkina	
Faso,	Mali,	Uganda,	Ghana	and	Zambia	
are	targeted	countries	of	this	“discovery”	
research.	

•	 GE	research	that	looks	at	insect	control	
in	the	context	of	food	security	is	focused	
on	controlling	locust	populations,	while	
DARPA	is	also	spearheading	research	on	
insects	to	deliver	a	genetically	engineered	
virus	that	will	“improve”	crop	growth	
under	the	auspices	of	the	“Insect	Allies”	
project.

•	 A	historical	review	of	malaria	eradication	
success	stories	in	Africa	shows	that	
traditional	methods	can	be	successful	in	
eradicating	this	killer	disease.	If,	in	the	
light	of	new	discoveries	related	to	how	
transmission	is	evolving,	novel	approaches	
to	control	malaria	are	warranted,	
applications	that	are	based	on	shifting	
ecosystems	and	that	entail	unprecedented	
environmental	and	human	health	risks	
should	be	unequivocally	rejected	by	
African	governments	and	society.	African	
ecosystems	have	already	reached	tipping	
points;	what	we	need	is	to	protect	our	
biodiversity	and	support	domestic	
strategies	to	combat	malaria	that	are	
focused	on	bolstering	health	care	systems	
and	fixing	public	infrastructure.	
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About this paper
A	new	wave	of	second-generation	genetic	
engineering	(GE)	strategies	are	being	used	
to	reinvigorate	the	GE	push	on	the	African	
continent,	with	diverse	projects	being	
targeted	at	providing	technofix	solutions	to	
malaria	and	locust	infestations.	This	paper	
comes	at	an	opportune	time	to	question	the	
GE	technologies	being	promoted	to	“rescue”	
Africa	from	its	health	and	food	system	
crises.	In	this	context	of	climate,	ecological	
and	health	crises,	the	first	gene	editing	
technology	known	as	clustered	regularly	
interspaced	short	palindromic	repeats	
(CRISPR)	test	for	coronavirus	was	granted	
“emergency-use	authorisations”	in	the	
United	States1.	This	illustrates	how	second-	
generation	GE	technologies	overcome	
regulatory	hurdles	when	emergencies	strike.	

The	safety,	ethical	and	political	implications	
of	ecosystem-wide	GE	projects	have	raised	
sustained	calls	for	extreme	precaution	and	
moratoria,	in	light	of	the	unprecedented	scale	
of	such	projects	and	adverse	impacts,	and	
the	murky	players	that	lie	behind	the	work,	
including	the	US	military.		

Introduction 
Development	of	novel	GE	technologies,	
such	as	gene	drive	technologies,	genome	
editing,	paratransgenesis	and	cisgenesis	
are	providing	new	avenues	for	the	biotech	
machinery	to	increase	the	scope,	efficiency,	
scale	and	flexibility	of	organisms	that	can	
be	targeted	for	engineering,	including	
ecosystem-wide	engineering	by	gene	drive	
technologies.		

It	is	now	well	established	that	industrial	
farming	practices	are	direct	drivers	of	the	
very	crises	they	claim	to	solve	(IPBES	2019).	
Industrialised	food	systems	have	caused	
inequality,	poverty	and	climate	change,	and	
are	a	primary	cause	of	biodiversity	loss	and	

erosion	in	Africa,	which	is	reaching	alarming	
levels.		

Further,	governments	around	the	world	
have	allowed	agribusiness,	the	primary	
profiteers	from	the	global	industrial	food	
system,	to	externalise	adverse	environmental	
impacts	such	as	pollution	(air	pollution	
and	co-morbidities	that	are	making	people	
susceptible	to	succumbing	to	COVID-19),	and	
viral	outbreaks	onto	animals,	people,	and	
health	care	systems.	

Wanton	deforestation	over	the	past	two	
decades	can	be	linked	to	31	per	cent	of	viral	
outbreaks	such	as	Ebola,	Zika	and	Nipah	virus	
(World	Economic	Forum	2020).	The	SARS-
CoV-2	coronavirus	pandemic	has	brought	into	
stark	relief	how	the	loss	of	eco-landscapes	
has	obliterated	the	natural	protective	
functions	that	ecosystems	play	in	keeping	
viral	loads	at	bay	(Wallace	2020).		

However,	the	disturbance	of	natural	
equilibria	through	deforestation	not	
only	opens	the	channels	of	contagion	for	
pandemics	of	zoonotic	origin,	but	is	also	
linked	to	other	human	infectious	diseases	
such	as	malaria	(Walsh	et	al.	1993).	The	issue	
of	malaria	in	Africa	can	be	rethought	in	the	
light	of	the	exosystemic	shifts	triggered	by	
human	activity.	Populations	living	within	or	
near	fragmented	forests	have	a	much	higher	
risk	of	infection	due	to	increased	contact	
with	vectors	at	forest	edges	and	the	reduced	
biodiversity	in	the	area.	Research	has	shown	
that	human-vector	contact	in	newly	created	
forest	edges	led	to	increased	risk	of	malaria	
in	communities	in	South	America	(Chen	2015),	
and	projections	indicate	that	intensification	
of	agriculture	and	irrigation	in	east	and	west	
Africa	will	undermine	eradication	efforts	by	
creating	a	propitious	environment	for	malaria	
(WHO	2020).		

This	paper	builds	on	the	African	Centre	for	
Biodiversity	(ACB)’s	work	on	GE	technologies	
in	Africa	(ACB	2018b;	ACB	2019a),	and	
provides	a	critique	of	current	projects	
intended	for	rollout	in	a	number	of	African	
countries	and	the	players	behind	them,	in	

1.	 The	CRISPR-based	diagnostic	kit	was	developed	by	Sherlock	Biosciences,	a	biotechnology	research	company	based	in	
Cambridge,	Massachusetts.	It	uses	CRISPR	to	detect	a	snippet	of	SARS-CoV-2	genetic	material	in	a	nose,	mouth	or	throat	
swab,	or	in	fluid	from	the	lungs.	If	the	virus’s	genetic	material	is	found,	a	CRISPR	enzyme	generates	a	fluorescent	glow.	The	
test	can	return	results	in	about	an	hour,	according	to	the	company	(Guglielmi	2020).
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the	hope	that	these	risky	projects	do	not	
become	entrenched	in	our	health	and	food	
systems.	We	focus	specifically	on	GE	wild	
insect	populations,	which	are	intended	to	
either	provide	health	care	solutions	on	the	
continent	or	protect	food	security.		

GE	research	focused	on	health	care	solutions	
involves	the	control	or	suppression	of	
mosquitoes	that	transmit	malaria,	with	
Burkina	Faso,	Mali,	Uganda,	Ghana	and	
Zambia	being	key	target	countries.	GE	
research	looking	at	insect	control	in	
the	context	of	food	security	is	aimed	at	
controlling	locust	populations,	which	has	
recently	impacted	on	eight	countries	in	
East	Africa	when	locusts	decimated	entire	
field	crops	upon	swarming.	Further,	we	also	
look	at	insects	that	are	to	deliver	a	GE	virus	
that	will	“improve”	crop	growth	(according	
to	the	“Insect	Allies”	project).	Although	at	
first	glance	this	is	not	directed	at	Africa,	it	
nonetheless	concerns	African	crops,	such	as	
rice,	cassava,	cowpea	and	fruit	trees.	

Key actors of “discovery” 
research and funding 
R&D	of	new	technologies	in	Africa	focusing	
on	insect	populations	is	largely	carried	
out	by	a	consortia	comprised	of	American	
and	European	universities	and	research	
institutions.	These	are	euphemistically	called	
“discovery	laboratories”	(Carballar-Lejarazú	
&	James	2017)	–	with	partnerships	brokered	
with	various	African	research	institutions	to	
roll	out	“biotechnology	innovations”.		

These	consortia	are	usually	presented	as	
being	of	equal	partnership	with	public	
research	counterparts	in	Africa,	to	promote	
the	notion	of	“national	ownership”	and	
stave	off	criticism	of	foreign	interference.	
The	biggest	funders	overall	include	the	US	
Military’s	Defence	Advanced	Research	Project	
Agency	(DARPA)	and	the	Bill	and	Melinda	
Gates	Foundation	(BMGF)	(ETC	Group	&	
Heinrich	Böll	Foundation	2018)	(see	Table	1).	

Population suppression – 
The Gates-funded Target 
Malaria Project
Target	Malaria,	a	research	consortium	led	
by	Imperial	College	London,	which	receives	
core	funding	from	the	BMGF,	is	the	most	
advanced	GE	mosquito	and	gene	drive	
project.	It	is	touted	as	being	able	to	have	the	
first	gene	drive	application	for	release.	The	
project	is	targeting	four	African	countries:	
Burkina	Faso,	Mali,	Uganda	and	Ghana.		

The	project	has	been	designed	to	conduct	
three	phases	of	transgenic	mosquito	
releases,	with	the	first	two	phases	involving	
transgenic	mosquitoes	and	the	final	phase,	
the	release	of	gene	drive	mosquitoes.	The	
project	aims	to	present	responsible,	phased	
releases	where	information	from	phases	I	
and	II	can	inform	the	final	gene	drive	release	
in	phase	III.	However,	there	appear	to	be	
limited	relationships	between	the	traits	in	
the	three	phases.		

Phase I update

The	first	phase	was	conducted	in	2019,	
involving	the	release	of	6	400	GE	(transgenic)	
(non-gene	drive)	mosquitoes	engineered	to	
be	infertile,	in	two	villages	in	Burkina	Faso	
(ACB	2018a).	

Gathering	information	on	Target	Malaria’s	
releases	and	future	planned	releases	is	
extremely	difficult,	as	the	project	has	thus	
far	been	shrouded	in	secrecy	and	little	
information	has	been	disclosed	on	the	Target	
Malaria	official	website.	The	website	says	
the	following	about	the	Phase	I	release:	“The	
team	will	continue	to	monthly	monitor	the	
mosquito	population	in	the	release	village	
of	Bana	until	July	(2020a),2	(it	is	a	one-year	
monitoring	protocol).	The	next	step	will	be	
to	submit	an	application	to	the	National	
Regulatory	Agency	for	a	second	construct”	
(Target	Malaria	2020a).	

2.	 Our	addition
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Table 1. Select investments in second-generation technologies with a current or 
hypothesised future focus on Africa

Funder Research institution or 
consortium

Programme 
name

Focus Current or 
potential 
applicability for 
Africa

Value (US$)

DARPA 3	consortia	of	US	
universities

Insect	Allies	
(2016–2020)

Prevent	crop	failure	
driven	by	climate	
change	and	pathogens	
by	using	insects	to	
deliver	a	genetically	
engineered	virus	that	
will	“improve”	crop	
growth	by	altering	
which	genes	the	plants	
express.

Potential	future	
applications	
in	Africa	are	
plausible	given	
the	focus	on	crops	
of	an	agronomic	
significance	in	
Africa.

45	million	
(Kupfer-
schmidt	
2018)	

DARPA NA “Safe	Genes”	
programme

The	programme’s	
emphasis	is	on	
“protecting	(military)	
service	members	from	
accidental	or	intentional	
misuse	of	genome	
editing	technologies”.	
The	intent	is	therefore	
“to	develop	tools	and	
methodologies	to	
control,	counter,	and	
even	reverse	the	effects	
of	genome	editing	–
including	gene	drives	
–	in	biological	systems	
across	scales”	(DARPA	
n.d.).

Although	at	first	
glance	this	is	not	
directed	at	Africa,	
it	nonetheless	
concerns	African	
crops,	such	as	rice,	
cassava,	cowpea	
and	fruit	trees.

65	million	
(Haridy	2017)

BMGF	 Target	Malaria	receives	
core	funding	from	
BMFG	and	from	the	
Open	Philanthropy	
Project	Fund.	Additional	
funding	to	research	labs	
comes	from:	DEFRA,	the	
European	Commission,	
Malarial	Research	
Company	(MRC),	NIH,	
the	Ugandan	Ministry	
of	Health,	Wellcome	
Trust,	Uganda	National	
Council	for	Science	and	
Technology	(UNCST)	
and	DARPA	(Target	
Malaria	n.d.(c))

Target	Malaria Potential	deployment	of	
gene	drive	technologies	
to	help	eliminate	
malaria	in	sub-Saharan	
Africa.	

Currently	
underway	in	
Burkina	Faso,	Mali,	
Uganda.

75	million	
	

BMGF NA FNIH
	

To	accelerate	the	
planning	and	
preparation	for	the	
application	of	gene	
drive	technology	to	
the	control	of	malaria	
transmission	in	Africa.	

Africa	focus. 9.43	million	
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Funder Research institution or 
consortium

Programme 
name

Focus Current or 
potential 
applicability for 
Africa

Value (US$)

BMGF Pirbright	Institute
	

To	develop	engineered	
high-threshold	
mosquito	gene	
drives	for	control	of	
malaria-transmitting	
mosquitoes	to	
laboratory	proof-of-
concept.		

Assumed	
applicability	to	
Africa.

3.5	million	

Open	
Philanthropy	
Project	
	

NA NEPAD/	
African	Union		

Develop	regulatory	
capacity	for	novel	vector	
control	approaches,	
including	gene	drive	
mosquitoes.	

Supporting	
regulatory	bodies	
in	areas	related	
to	transgenic	
mosquitoes	is	
a	prerequisite	
to	ensure	the	
adoptions	of	gene	
drives	by	African	
governments.

2.35	million	
	

BMGF Ifakara	Health	Institute	
(Dar	es	Salaam)	

	 To	demonstrate	
successful	colonisation	
and	genetically	
characterise	Anopheles	
funestus	as	the	major	
driver	of	malaria	
transmission	in	
Eastern	and	Southern	
African	settings,	to	
inform	potential	novel	
approaches	to	large-
scale	malaria	control	
and	elimination	efforts.	

Eastern	and	
Southern	African	
focus.

2	million

BMGF
	

NA Emerging	Ag	
Inc.	
	

To	increase	awareness,	
understanding	and	
acceptance	of	possible	
gene	drive	applications	
for	public	good	
purposes.	Provides	
communications,	
stakeholder	
engagement	and	
strategic	support	to	
Outreach	Network	for	
Gene	Drive	Research,	
which	includes	Target	
Malaria.

Africa	focus. 1.6	million	
	

Open	
Philanthropy	
Project	
	

FNIH
	

	 “To	support	
development	of	a	
consensus	pathway	for	
field	testing	modified	
mosquitoes	with	driving	
transgenes”	(FNIH	n.d.).	

Africa	focus. 1.22	million
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Funder Research institution or 
consortium

Programme 
name

Focus Current or 
potential 
applicability for 
Africa

Value (US$)

FNIH University	of	Maryland,	
USA

GM	fungus	
paratransgenesis	(the	
toxin	is	derived	from	the	
venom	of	the	Australian	
Blue	Mountains	funnel-
web	spider)	tested	in	
a	“mosquito	sphere”	
financed	by	the	FNIH.

Soumousso,	
Burkina	Faso.

Unspecified	
amount

CSIRO, IC, LR, 
NCSU, NWRC, 
TAMU, UA, 
US	National	
Science	
Foundation	
(to	NCSU;	NSF	
IGERT	grant	#	
000166685),	
and	The	
Seaver	
Institute		
(to	IC)	

Seven	organisations	
from	Australia,	New	
Zealand	and	the	USA:	
3	universities	(NCSU,	
TAMU,	UA);		
3	government	research	
organisations	(CSIRO,	
LR,	NWRC)	and	the	
non-profit	group	Island	
Conservation

Genetic	
Biocontrol	
of	Invasive	
Rodents	
(GBIRd)	
programme	

To	develop	multiple	
gene	drive	systems	in	
mice	with	long-term	
goal	of	release	of	gene	
drive	constructed	
mice	on	an	island	to	
test	eradication	of	the	
wild,	invasive	mouse	
population	(Campbell	et	
al.	2019)

Focus	on	US/
Australia	and	
NZ	–	no	release	
yet;	potential	
applicability	to	
Africa	assumed	
in	the	long	term,	
depending	on	
“robustness”	
of	regulatory	
frameworks.

Unspecified	
amount

Tata	Trusts	
(not	US	
but	who	
nonetheless	
spend	their	
funds	on	US	
research)	

University	of	California,	
Riverside	

Engineering	mosquitoes	
so	they	are	unable	
to	carry	the	malaria	
parasite.	Work	on	
malarial	vectors	for	
Asia	and	on	Anopheles 
gambiae	(African	vector)

“Functional”	gene	
drive	Anopheles 
gambiae	could	be	
ready	by	2023.	
(James	A,	pers.	
com.	held	on		
30	October	2019.)	
The	targeted	
mosquito,	
Anopheles 
stephensi,	was	
spotted	in	East	
Africa,	implying	
that	the	research	
originally	focused	
on	South	East	
Asia	could	
find	its	future	
applicability	in	
Africa.

	

National	
Institutes	of	
Health	
	

ILSI	and	OECD
	

	 ILSI	assigned	to	
build	capacity	in	the	
environmental	risk	
assessment	of	gene	
drives.	Elaboration	of	
an	Anopheles gambiae	
biology	document	for	
Ethiopia	in	early	2019	
(ILSI	n.d.)

Focus	on	GDO	
capacity	building	
in	Africa.

Unspecified	
amount

Unclear	
source	of	
funding

Malaria	Research	
Institute,	Johns	Hopkins	
Bloomberg	School	of	
Public	Health	

	 CRISPR/Cas9	gene-
editing	technology	
to	render	mosquitos	
malaria-resistant	by	
removing	a	so-called	
host	factor	gene.

Supports	and	
funds	the	Zambia-
based	Macha	
mosquito	centre

Unspecified	
amount

Source:	Adapted	from	ETC	Group	&	Heinrich	Böll	Foundation	2018
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It	is	anticipated	that	the	findings	from	this	
phase	I	research	would	be	incorporated	into	
the	dossier	that	the	consortium	intended	
submitting	for	the	regulatory	approval	of	
phase	II.	However,	based	on	our	research,	
it	appears	as	if	Target	Malaria	may	have	
applied	for	permission	to	repeat	the	release	
of	similar	GM	mosquitoes	as	they	had	during	
phase	I,	ostensibly	due	to	failures	concerning	
the	release	not	having	yielded	the	required	
or	desired	results.	Indeed,	problems	were	
already	previously	reported	concerning	the	
breeding	of	insufficient	numbers	for	the	
release	(ACB	2018a).		

At	the	time	of	writing,	a	new	application	for	a	
repeated	release	had	not	been	granted,	as	no	
report	from	the	first	release	was	submitted	
to	the	National	Biosafety	Authority	(NBA)	
in	Burkina	Faso.	Without	public	access	to	
this	information,	it	remains	unknown	what	
aspects	of	the	release	failed.	Civil	society	in	
Burkina	Faso	lament	the	irresponsiveness	
stemming	from	the	NBA,	which	was	
repeatedly	approached	for	information	and	
accountability.	In	early	2020,	the	ACB	wrote	
a	letter	including	detailed	questions	to	the	
director	of	the	Burkinabe	National	Biosafety	
Agency.	This	request	for	information	
was	rebuked	with	a	statement	that	the	
agency	reserved	information	disclosure	to	
“people	residing	on	the	territory”.	(Official	
correspondence	received	by	the	ACB	research	
team).

It	is	highly	questionable	whether	the	
information	and	data	generated	from	the	
release	can	be	considered	relevant	for	future	
phases.	Gene	drive	proponent,	Kevin	Esvelt	
from	Massachusetts	Institute	of	Technology	
Media	Lab,	is	reported	as	being	extremely	
apprehensive	of	the	GM	mosquito	release,	
voicing	fears	that	it	could	derail	the	Target	
Malaria	project	and	imperil	the	technology	
(ETC	Group	&	Heinrich	Böll	2018).

Phase II update

Phase	II	entails	releases	of	further	GM	(non-
gene	drive)	mosquitoes,	this	time	designed	
to	produce	predominantly	male	offspring	
(male	bias),	to	supposedly	reduce	population	
numbers.	The	strain	thought	to	be	released	is	
called	the	Ag(PMB)1	strain	(Galizi	et	al.	2014).	

The	male	bias	mechanism	used	in	phase	
II	was	originally	being	envisaged	as	one	of	
two	strategies	that	can	be	converted	into	
a	gene	drive	mechanism	for	the	ultimate	
gene	drive	releases.	The	other	strategy	is	to	
make	females	infertile.	However,	technical	
challenges	regarding	the	ability	to	convert	
this	male	bias	molecular	strategy	into	a	
gene	drive	exist.	The	Target	Malaria	website	
indicates	that:	“Progress	on	the	self-limiting	
male	bias	is	promising,	however	it	is	still	
under	development”	(Target	Malaria	n.d.(a)).	
If	indeed	no	male-bias	trait	is	deployed	for	
gene	drives,	it	raises	questions	regarding	
how	relevant	this	phase	II	release	would	
be	in	informing	gene	drive	releases	going	
forward.	It	is	pertinent	to	note	that	while	
initial	laboratory	studies	showed	high	rates	
of	male	bias,	a	subsequent	study	performed	
in	large	cages	designed	to	more	closely	
mimic	wild	environments	showed	that	there	
was	up	to	20	per	cent	reduction	in	male	bias,	
to	73–80	per	cent	(Facchinelli	et	al.	2019).	
This	illustrates	just	how	ineffective	the	male	
bias	trait	could	be,	once	released	into	the	
wild.	Further,	how	these	GM	mosquitoes	will	
behave	in	the	wild	is	unknown.

Nonetheless,	it	appears	that	Target	Malaria	
have	deemed	the	male-bias	mosquitoes	
ready	for	field	release	(Facchinelli	et	al.	2019).	
Target	Malaria	is	likely	to	justify	the	phase	II	
release	as	a	means	to	assess	the	performance	
of	male	bias	in	the	wild.	If	the	sex	distortion	
ratio	level	in	the	wild	differs	from	that	
observed	in	the	laboratory,	they	may	attempt	
to	then	alter	the	gene	drive	construct.	This	
may	also	inform	Target	Malaria	on	how	many	
mosquitoes	would	have	to	be	released	in	
phase	III	and	how	frequently.

It	is	unclear	what	the	timeline	would	be	for	
this	second	phase	in	Burkina	Faso,	though	
it	seems	that	a	phase	II	release	is	unlikely	if	
the	project	intends	repeating	the	release	of	
the	phase	I	GM	mosquitoes.		Target	Malaria	
were	asked	for	information	but	did	not	give	
timelines	for	any	future	releases	or	declare	
whether	phase	II	mosquitoes	have	already	
been	imported	into	any	countries.

It	is	currently	unclear	how	many	mosquitoes	
would	be	released	during	phase	II.	If	the	
intention	is	to	reduce	population	numbers,	a	
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Target Malaria in Mali

With	regard	to	the	project	in	Mali,	as	yet	there	has	been	no	release	of	GM	mosquitoes,	
but	Target	Malaria	imported	GM	mosquitoes/eggs	in	September	2019.	This	appears	to	
have	occurred	“after	the	Malian	Government	authorised	the	experiments”,	thus	enabling	
“extensive	work”	for	the	group	in	its	insectary,	whilst	the	Target	Malaria	entomology	team	
studies	the	interaction	between	“the	targeted	species	and	their	endorsement”	(Target	
Malaria	2020a).	

Work	in	the	laboratory	seems	to	have	reached	an	advanced	phase.	Discussions	with	
local	stakeholders	indicate	that	the	project	may	well	skip	phase	I	(arguably	based	on	the	
information	and	data	generated	from	the	phase	I	release	in	Burkina	Faso),	and	go	straight	for	
release	of	the	phase	II	GM	mosquitoes.

Nevertheless,	the	consortium	is	facing	major	regulatory	hurdles	in	Mali,	as,	at	the	time	of	
writing,	the	Ministry	of	Environment	had	not	issued	any	official	communication	relating	
to	the	composition	of	the	Biosafety	National	Committee,	as	envisaged	in	the	biosafety	
regulations	(COPAGEN	2018).	Civil	society	organisations	have	strongly	mobilised	against	the	
consortium’s	work	in	the	country.	This	regulatory	dimension	may	well	explain	why	Target	
Malaria	indicates	that	first	trials	will	not	happen	in	the	next	five	years	and	it	will	take	about	
ten	years	for	the	potential	rollout	of	any	gene	drive	mosquitoes.

The	arthropod	containment	level	2	insectary	opened	in	Bamako	is	where	the	team	is	working	
on	GM	sterile	male	mosquitoes	(Target	Malaria	2020).	The	infrastructure	put	in	place	is	
captured	in	a	promotional	video	made	by	Target	Malaria3,	which	raises	concerns	about	the	
lack	of	stringency	of	containment	measures	to	ensure	that	there	are	no	accidental	releases.	
Robust	and	sound	biosafety	guidelines	should	be	crafted	and	implemented	to	regulate	
contained	use	experiments,	to	prevent	accidental	releases	of	all	genetically	modified	
organisms	(GMOs).	It	has	been	proposed	that	for	gene	drive	mosquitoes,	containment	
measures	must	be	similar	to	those	required	for	pathogens	in	high	security	conditions	(TWN	
2019).	Nevertheless,	due	to	the	potential	“high	invasiveness”	of	gene	drive	organisms	(GDOs),	
modelling	predicts	that	accidental	releases	of	just	two	GDOs	will	allow	for	their	potential	
establishment	in	the	environment	(Noble	et	al.	2018).	The	measures	currently	in	place	in	
the	Mali	insectary,	such	as	double	doors	and	the	use	of	fans	to	blow	mosquitoes	away	from	
doors	are	woefully	inadequate	(TWN	2019).

3.	 See	https://targetmalaria.org/welcome-to-our-insectary-in-mali/

Credit:	wlablack/	Shutterstock.com
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one-off	release	would	likely	not	suffice,	with	
repeated	weekly	releases	being	required	to	
achieve	any	significant	reduction,	if	at	all.	
However,	some	limited	data	may	be	obtained	
from	single	releases,	such	as	assessing	the	
extent	of	male	bias	and	how	the	transgenes	
behave	and	move	through	the	population,	as	
well	as	more	basic	information	on	breeding	
and	transport	protocols	and	survival.

Phase III – in the (near?) future: Gene 
drive mosquitoes

It	is	currently	not	known	what	gene	drives	
would	ultimately	be	aimed	for	trial	release	
in	Africa.	However,	female	infertility	strains	
appear	more	advanced	in	the	development	
and	proof	of	principle	versions	published	to	
date	(Kyrou	et	al.	2018).	Austin	Burt,	professor	
of	evolutionary	genetics	at	Imperial	College,	
London	is	reported	to	have	said	their	“current	
plan	(was)	to	have	a	dossier	(or	application)	

for	field	testing	ready	to	submit	in	2025”	
(Weiss	2019).	Target	Malaria’s	second	
potential	gene	drive	strategy	to	convert	the	
male-bias	trait	of	phase	II	mosquitoes	into	
a	gene	drive	has	faced	technical	difficulties	
and	now	appears	unlikely	to	come	to	fruition.	
However,	a	new	Target	Malaria	study	reports	
the	development	of	a	gene	drive	that	
combines	the	male-bias	traits	of	the	phase	
II	GM	mosquitoes,	and	the	CRISPR-based	
female	infertility	trait	(Simoni	et	al.	2020).	

Relevant	sites	for	genetic	control	trials	
include	the	Ssese	islands	(Bergey	et	al.	2019;	
Lukindu	et	al.	2018).	Gene	drive	developers	
are	suggesting	that	island	locations	are	
“geographically	confined”,	and	as	such,	
suitable	for	field	trial	releases.	However,	this	
is	not	in	accordance	with	the	international	
regulatory	discourses,	including	those	taking	
place	under	the	aegis	of	the	Convention	for	
Biological	Diversity	(CBD).	The	expert	groups	

Target Malaria in Uganda and Ghana

The	research	in	Uganda	is	in	an	early	stage,	with	Target	Malaria	indicating	that	they	are	
currently	“focusing	on	entomological	mosquito	collections	from	field	sites	on	islands	within	
Lake	Victoria	and	mainland	sites”	(Uganda	Virus	Research	Institute	n.d).	A	new	arthropod	
containment	level	2	insectarium	was	reportedly	opened	in	July	2019	at	the	Uganda	Virus	
Research	Institute,	Entebbe,	where	Target	Malaria	is	working	on	local	wild	mosquitoes	
(Target	Malaria	2020a).	Research	in	Ghana	also	seems	to	be	at	an	early	stage,	where	a	new	
insectary	library	is	reportedly	being	constructed	at	the	University	of	Ghana	(Target	Malaria	
2020a).	

Credit:	Pecold/	Shutterstock.com
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on	synthetic	biology,	where	gene	drives	are	
being	discussed,	acknowledge	that	islands	
cannot	be	considered	contained.	This	is	
implicitly	acknowledged	by	Target	Malaria	
and	its	collaborators	(James	et	al.	2018),	as	
they	make	suggestions	for	remediation	in	
the	event	of	adverse	effects,	namely	the	need	
for	mass	pesticide	spraying.	This	is	indeed	
ludicrous,	considering	that	the	rationale	for	
gene	drives	is	to	control	malaria	because	
insecticides	are	unsuccessful	at	eradicating	
mosquito	populations,	and	that	insecticide	
resistance	is	widespread	and	on	the	rise.	
Crucially,	Ssese	islands	are	also	inhabited	by	
people;	a	pre-requisite	for	mosquito	gene	
drive	releases	as	mosquitoes	feed	off	humans	
(Beisel	&	Boëte	2013),	raising	grave	concerns	
about	human	experimentation	and	the	
highly	unethical	nature	of	such	intended	
releases.	

In	the	end,	the	purported	intent	of	gene	
drive	releases	is	to	obviate	the	necessity	
of	repeated	releases	and	the	heavy	costs	
that	this	entails.	The	ACB	has	explained	in	
previous	research	(ACB	2019b)	how	Oxitec‘s4	

releases	of	GM	mosquitoes	in	Panama	and	
Malaysia	in	the	early	2010s	was	halted	due	
to	concerns	about	costs,	lack	of	effectiveness	
and	unacceptable	risks	posed.	In	Malaysia,	
trials	were	abandoned	following	a	small	
open	release	experiment	to	measure	flying	
distances	and	survival	rates.	In	2014,	releases	
of	300	000	GM	mosquitoes	in	Panama	cost	
US$	620	000,	which	comes	to	more	than	
US$2	per	mosquito	(TVN	Noticias	2014).	

However,	it	is	unlikely	that	in	phase	III	a	
once-off	release	would	take	place.	The	Target	
Malaria	team	is	currently	working	out	the	
optimal	release	frequency,	but	it	seems	
they	are	confident	that	there	will	be	a	few	
releases.	These	releases	will	not	result	in	full	
eradication,	but	in	suppressing	populations	
to	such	an	extent	that	it	would	break	the	
cycle	of	malaria.	Target	Malaria’s	publications	
using	computer	modelling	to	predict	efficacy	
have	suggested	that	regular	releases	over	
several	years	may	be	necessary,	and	even	the	
simultaneous	release	of	multiple	different	
versions	(North,	Burt	&	Godfray	2019;	Eckhoff	
et	al.	2017).	If	such	regular	releases	are	indeed	

4.	 Oxitec	is	a	UK-based	commercial	company	that	produces	GM	mosquitoes	and	other	insects.	Since	2009,	Oxitec	has	
conducted	experimental	open	releases	of	GM	mosquitoes	in	the	Cayman	Islands,	Malaysia,	Brazil	and	Panama.	It	has	also	
conducted	a	small	experimental	release	of	GM	diamondback	moths	(a	pest	of	cabbages	and	other	crops)	in	the	US.	Only	
releases	in	Brazil	continue	at	the	present	time	(ACB	2019b).				

Gene drives

The	goal	of	gene	drives	is	to	be	able	to	genetically	engineer	entire	wild	populations	of	
organisms.	This	is	achieved	by	inserting	GE	tools	inside	the	organisms	so	that	these	
organisms	carry	out	GE	of	organisms	in	the	wild,	at	every	succeeding	generation,	by	passing	
on	the	engineered	trait	to	offspring	–	whereas,	using	existing	GE	tools,	only	half	of	all	
offspring	may	inherit	the	modification.	Gene	drives	are	thus	designed	to	spread	and	persist	
in	the	environment,	with	there	being	no	possibility	or	ability	to	recall	them	or	prevent	their	
spread	across	borders.	Such	technologies	raise	unprecedented	biosafety,	ethical,	political	
and	societal	risks.	Gene	drive	releases	were	hotly	debated	by	the	Parties	to	the	CBD	in	
November	2018,	where	strict	conditions	were	placed	on	environmental	releases.	At	recent	
CBD	meetings,	the	technical	expert	working	group	also	acknowledged	challenges	to	current	
risk	assessment,	recommending	new	guidance	be	developed	in	order	to	deal	with	such	
risks.	Fundamental	concerns	of	potential	trial	releases	relate,	inter	alia,	to	GM	mosquito	
trials	being	able	to	co-exist	with	other	conventional	malaria	control	strategies.	In	order	for	
gene	drive	mosquitoes	to	establish	themselves	in	the	environment	and	spread,	they	rely	on	
the	willingness	of	humans	to	be	bitten,	and	thus	are	in	direct	contradiction	with	current	
methods	that	aim	to	prevent	human	exposure	(Beisel	&	Boëte	2013).	

There	are	two	main	strategies	being	developed	for	gene	drive	applications	for	malaria:	
population	suppression,	where	the	intention	is	to	eradicate	population	numbers	(explained	
in	phase	III	of	the	Target	Malaria	project);	and	population	replacement,	where	the	intention	
is	to	modify	the	mosquito	in	order	to	render	it	unable	to	transmit	malaria.	
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required,	it	begs	the	question	regarding	the	
purported	cost-effectiveness	of	a	gene	drive	
approach	in	comparison	to	existing	GM	
mosquito	approaches,	which,	in	the	past,	
have	been	rejected	by	governments,	due	
to	the	high	costs	of	repeated	releases	that	
require	ongoing	work,	such	as	continuous	
breeding	of	the	GM	mosquitoes.	

According	to	Austin	Burt,	professor	of	
evolutionary	genetics	at	Imperial	College,	
their	current	plan	is	to	have	a	dossier	(or	
application)	for	field	testing	ready	to	submit	
in	2025	(Weiss	2019).		

Gene drive population 
replacement strategies 
Work underway at the University of 
California

The	first	proof-of-principle	population	
modification	gene	drive	mosquito	was	
developed	by	researchers	at	the	University	
of	California,	Irvine,	where	the	Anopheles 
stephensii	mosquito	was	modified	to	resist	
transmission	of	malaria.	Anopheles stephensi 
is	an	important	vector	of	malaria	in	South	
Asia	(Sarkar	2018).

The	research	at	Irvine	University	of	
California	targets	Anopheles stephensi5	
a	predominantly	Asian	vector,	and	the	
Anopheles gambiae,	a	major	African	vector.	
In	a	paper	published	in	2017,	the	researchers	
claim	that	their	“advances	made	it	possible	
to	demonstrate	the	proof-of-principle	that	
molecular	genetic	techniques	could	be	used	
to	make	mosquitoes	that	are	incapable	
of	transmitting	human	malaria	parasites”	
(Carballar-Lejarazú	&	James	2017:426).	

Contacted	on	this	research	in	2019,	Professor	
James	explained	that	they	were	“combining	
(the)	development	of	a	population	
modification	strain	with	a	long	small	cage	
experiment	and	that	(they	were)	preparing	

the	manuscript	on	the	results	now.	The	drive	
component	works	very	well	and	we	have	
to	test	the	antimalarial	effector	genes.	We	
expect	to	have	a	functional	‘product’	within	
three	years,	but	its	application	depends	on	
the	outcomes	of	social	and	regulatory	review”	
(James	A,	pers.	com.	30	October	2019.)	

The	work,	however,	has	since	been	published	
and	shown	to	result	in	population	crashes	
in	laboratory	experiments,	because	of	
knowledge	gaps	pertaining	to	the	gene	
that	was	targeted	for	disruption	(Pham	
et	al.	2019).	These	findings	highlight	the	
disconnection	between	the	theoretical	
promises	and	the	reality	of	current	
developments,	lack	of	knowledge	and	
uncertainties.	It	exposes	the	hubris	
surrounding	the	technical	and	technological	
inability	to	clearly	control	or	define	distinct	
gene	drive	mechanisms	and	approaches.	

Further	work	is	being	undertaken	to	
develop	Anopheles gambiae	GDOs	at	
Irvine,	although	this	is	yet	to	be	published.	
Such	a	strategy	appears	to	be	yet	another	
population	modification	approach,	but	
published	demonstration	is	currently	lacking.	
Nevertheless,	developers	are	already	actively	
researching	and	scouting	for	potential	trial	
release	sites,	including	the	Comoros	Islands	
and	São	Tomé	and	Príncipe	(Marsden	et	al.	
2013;	Plataformamedia	2019).

Strong public relations and big 
regulatory push onto Africa  

Researchers	and	conservationists	are	seeking	
to	eradicate	invasive	species	through	gene-
drive	modified	organisms	in	the	Genetic	
Biocontrol	of	Invasive	Rodents	(GBIRd)	
programme.	Gene	drive	promoters	see	the	
GBIRd	programme	as	pivotal	to	overcoming	
public	resistance	to	the	technology	(Boëte	C,	
Researcher	at	Montpellier	Evolution	Institute,	
pers.	com.	26	October	2019).	In	other	words,	
conservation	and	health	care	are	the	Trojan	
horses	of	a	bigger	gene	drive	agenda.	Once	
the	public	is	“conquered”	by	the	technology,	
the	technology	will	be	able	to	enter	the	
realm	of	food	production.	Kevin	Esvelt,	one	of	

5.	 Worth	noting	is	that	the	Anopheles stephensi	species	was	found	to	invade	Africa	–	it	is	apparently	being	found	in	Ethiopia/
Djibouti	and	the	Republic	of	the	Sudan.	The	World	Health	Organisation	has	warned	that	the	spread	of	An. stephensi	
constitutes	a	major	potential	threat	to	malaria	control	and	elimination	in	Africa	and	southern	Asia	(WHO	2019).
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the	forerunners	of	gene	drive	technologies,	
told	the	ETC	Group	in	2016	that	“agricultural	
applications	should	wait	on	public	health	and	
conservation	applications	simply	because	the	
benefits	are	not	as	clear	to	ordinary	citizens	
and	we	will	not	repeat	the	GMO	mess”	(ETC	
Group	&	Heinrich	Böll	2018:8).	Hidden	from	
public	view	is	the	US	military	interest	in	gene	
drive	technologies,	with	DARPA	being	the	
biggest	funder	of	gene	drive	research	in	the	
world	(Gene	Drive	Files	n.d.).	The	potential	
dual-use	nature	of	gene	drives	thus	raises	
urgent	questions	regarding	their	application	
for	bioweapon	purposes.

Biotech’s investment in developing a 
“consensus pathway”

Lending	“support”	to	the	regulatory	
dimension	has	become	a	key	priority	for	
the	research	community	and	philanthropic	
organisations	funding	this	research.	Most	of	
the	work	done	in	this	regard	stems	from	US-
funded	programmes.

What	will	interest	the	reader	is	how	the	
African	Union’s	New	Partnership	for	Africa’s	
Development	(NEPAD),	which	has	openly	
stated	its	support	for	the	development	of	
gene	drives	in	Africa,	is	supporting	gene	drive	
regulatory	capacity	building	initiatives	on	the	
continent.	

To	begin	with,	the	Open	Philanthropy	Project	
(a	foundation	started	by	a	cofounder	of	
Facebook)	awarded	US$2.3	million	to	NEPAD	
to	support	regulatory	bodies	in	areas	related	
to	transgenic	mosquitoes,	which	is	viewed	
as	a	prerequisite	to	ensure	the	adoptions	of	
gene	drives	by	African	governments	(Teem	
J	et	al.	2019:1).	This	foundation,	together	
with	the	BMGF,	have	granted	significant	
funding	to	the	FNIH	(a	not-for	profit	
organisation	established	by	the	US	Congress	
focused	on	biomedical	research)	to	“support	
development	of	a	consensus	pathway	for	
field	testing	modified	mosquitoes	with	
driving	transgenes”	(Open	Philanthropy	
grant)	and	“to	accelerate	the	planning	and	
preparation	for	the	application	of	gene	
drive	technology	to	the	control	of	malaria	
transmission	in	Africa”	(BMGF	grant)	(FNIH.	
n.d.).	This	illustrates	how	the	PR	and	lobbying	
machinery	have	been	set	in	motion	to	put	in	
place	permissive	regulations	on	the	continent	

and	secure	public	acceptance	of	these	
technologies.	

In	order	to	deliver	on	its	mandate,	the	FNIH	
has	been	working	with	the	International	Life	
Science	Institute	(ILSI)	in	Africa.	ILSI	has	also	
been	at	the	forefront	of	the	NEPAD	Agency’s	
efforts	to	build	gene	drive	capacity	on	the	
continent.	NEPAD	has	requested	the	ILSI	
Research	Foundation	to	“assist	in	setting	
the	agenda	for	the	scientific	programs	
and	guide	participants	through	a	problem	
formulation	exercise	to	inform	future	work	
on	risk	assessment”	(Teem	J	et	al.	2019:1).	
This	resulted	in	the	organisation	hosting	a	
series	of	four	consultative	meetings	between	
2016	and	2018,	focusing	on	building	capacity	
in	problem	formulation	around	gene	drive	
technologies.	These	four-day	workshops,	held	
in	Accra	(Ghana),	Nairobi	(Kenya),	Gaborone	
(Botswana)	and	Libreville	(Gabon)	were	
reportedly	aimed	at	initiating	“discussions	
concerning	the	processes	by	which	
environmental	risk	assessments	should	
be	conducted	for	gene	drive	mosquitoes”	
in	Africa	(Teem	J	et	al.	2019:1).	The	results	
from	this	publication	are	also	feeding	into	
the	CBD	discussions	that	will	determine	
how	and	if	GDOs	will	be	risk	assessed	
under	the	guidance	of	the	Convention.	The	
ILSI	report	on	these	meetings	describes	
how	these	workshops	“involved	a	diverse	
group	of	participants	representing	regional	
human	health	and	environmental	agencies	
in	Africa	as	well	as	local	and	international	
scientists	and	other	government	officials.	The	
workshop	participants	were	chosen	based	
on	their	involvement	with	biotechnology,	
malaria	control	and	scientific	technology	
development	in	Africa,	with	ostensibly	no	
known	bias	regarding	gene	drive	technology	
(either	in	favour	or	against)”	(Teem	J	et	al.	
2019:2).

Despite	wanting	to	sound	unbiased,	what	
is	striking	in	these	discussions	is	the	lack	
of	involvement	of	any	United	Nations	
organisations,	notably	the	World	Health	
Organization	(WHO),	who	one	assumes	
would	have	an	interest	in	taking	part	in	
such	meetings,	especially	one	convened	
by	the	African	Union.	Probed	on	this	issue,	
the	organisers	were	either	evasive	or	
indicated	that	the	likes	of	the	WHO	had	not	
expressed	any	interest	(Boëte	C,	Researcher	at	
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Montpellier	Evolution	Institute,	pers.	com.	26	
October	2019).	Although	participant	lists	are	
not	available,	it	is	highly	unlikely	that	these	
meetings	included	experts	from	the	public	
health	sector,	experts	in	ecology	and	civil	
society.	

Like	many	such	US-based	putative	
“philanthropic	and	independent	
organisations”,	ILSI	is	heavily	funded	by	
industry.	If	ILSI	openly	acknowledges	this6,	
it	denies	that	such	funding	can	lead	to	any	
form	of	influence	and	that	this	“tripartite	
model”	is	the	best	means	to	inform	the	
public	more	broadly	and	benefit	the	“public	
good”.	The	work	done	by	ILSI	was	recently	
analysed	and	shown	to	serve	as	one	of	many	
pseudo-scientific	front-groups,	pushing	
industry	favourable	positions	to	policy	
makers	and	international	bodies,	under	the	
guise	of	a	neutral	scientific	endeavour	(Steele	
et	al.	2019).

Paratransgenesis

Paratransgenesis	is	a	technique	that	involves	
the	GE	of	one	organism	to	exert	effects	on	a	
different	organism.	It	serves	as	a	useful	tool	
for	developers	as	there	are	limited	species	
that	are	amenable	to	GE	for	various	technical	
and	biological	reasons.	Developers	are	thus	
using	paratransgenesis	approaches	as	an	
alternative,	technically	simpler	means	to	
exert	effects	on	target	organisms	such	as	
malaria.	The	GE	of	micro-organisms	such	as	
fungi	and	bacteria	also	offers	a	simpler	and	
easier	method	to	genetically	engineer	insects	
such	as	mosquitoes.

GM fungus designed to kill mosquitoes
Research	being	conducted	at	the	University	
of	Maryland,	in	collaboration	with	the	
Burkinabe	Institut	de	Recherche	en	Sciences	
de	la	Santé/Centre	Muraz,	Bobo-Dioulasso,	
on	GM	fungus	paratransgenesis	approaches	
has	already	progressed	to	advanced	stages.	
A	2019	publication	describes	experiments	
performed	in	2015–17	in	Burkina	Faso	in	

6.  https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-019-0478-6#ref-CR14
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enclosures	surrounded	solely	by	mosquito	
netting	(Lovett	et	al.	2019).	The	information	
provided	in	this	publication	does	not	
satisfy	legal	requirements	for	contained	
use.	The	structure	in	question,	called	the	
“MosquitoSphere”,7	is	located	in	the	village	
of	Soumousso.	It	is	a	roughly	6	550	square-
foot	screened-in	structure,	built	to	simulate	
a	“near	natural	environment”.	The	sphere	is	
composed	of	six	separate	compartments,	
four	of	which	contain	traditional	West	
African	houses,	along	with	native	plants	and	
breeding	sites	for	mosquitoes.	

The	GM	fungus	was	modified	to	express	a	
spider	toxin	from	the	Blue	Mountains	funnel	
web	spider,	a	toxin	that	has	been	under-
characterised	for	potential	risks	to	human	
health.	Experiments	were	approved	as	“semi-
field”	trial	experiments,	a	testing	phase	that	
is	not	mentioned	in	the	Burkinabe	biosafety	
law.	Indeed,	there	is	no	such	concept	in	
accepted	biosafety	parlance	or	regulation,	
calling	into	question	the	legality	of	this	
experiment.	

Releases	into	the	“semi-field”	trial	conditions	
also	raise	concerns	about	potential	escape	
of	the	GM	fungus.	There	appear	to	be	no	
measures	in	place	for	researchers	to	wear	
protective	clothing;	or	for	the	earth	to	
be	covered	to	prevent	GM	fungal	spores	
from	establishing;	or	other	containment	
measures	that	should	have	been	in	place.	
The	researchers	claim	the	technology	is	
now	close	to	field	ready	and	progressed	
sufficiently	for	field	application	(Lovett	
et	al.	2019),	though	no	information	
appears	to	be	currently	available	on	
where	an	open	field	may	take	place.	

GM bacteria designed to secrete anti-
malaria parasite proteins 
Additional	paratransgenesis	vector	control	
strategies	have	been	under	development	
by	the	Johns	Hopkins	Bloomberg	School	of	
Public	Health’s	Malaria	Research	Institute.	
GM	bacteria	(a	non-pathogenic	Serretia Sp	
bacteria)	from	vector	mosquitoes	have	been	
developed	and	were	published	in	2017.	The	
aim	of	this	work	is	to	use	gut	GM	bacteria	to	
secrete	anti-malaria	parasite	proteins	that	
inhibit	its	development	(Wang	et	al.	2017).

As	a	next	stage	of	the	research,	the	
intention	is	to	test	the	genetically	modified	
mosquitoes	and	bacteria	to	assess	them	
outside	the	lab	in	a	“natural”	environment.	
The	mosquito	was	therefore	intended	for	
export	to	insectaries	in	Zambia,	where	Johns	
Hopkins	Bloomberg	School	of	Public	Health	
has	recently	built	a	“mosquito	house”	at	
Macha	in	order	to	proceed	to	the	next	phase	
of	testing	the	mosquitoes	in	larger	spaces	
that	more	closely	reflect	environmental	
conditions	(Johns	Hopkins	Bloomberg	School	
of	Public	Health	n.d.).

In	2018,	the	Zambian	NBA	gave	its	approval	
for	the	importation	and	research	on	a	
“genetically	engineered	synthetic	bacteria	
from	vector	mosquitoes”	(National	Biosafety	
Agency	of	Zambia	2018)	but	the	project	
appears	to	have	been	halted	in	2018	due	
to	US	regulatory	hurdles	with	regard	to	
exporting	transgenic	organisms	from	
the	US.	Such	exportation	requires	export	
approval,	which	was	not	obtained	for	this	
work.	The	project	has	thus	been	delayed	
for	a	reported	three	years.	It	appears	that	
the	work	may	move	to	countries	already	
pursuing	transgenic	malaria	work,	such	as	
those	involved	in	the	Target	Malaria	project,	
namely,	Burkina	Faso,	Ghana,	Mali	and	
Uganda	(Zambia	Alliance	for	Agroecology	
and	Biodiversity	(ZAAB)	Secretariat,	pers.	com.	
February	2020).

Targeting	the	Tsetse	fly	with	
paratransgenesis
Tsetse	flies	are	another	target	for	new	
GE	technologies.	However,	tsetse	flies	are	
not	amenable	to	GE,	due	to	the	nature	
of	their	viviparous	(give	birth	to	live	
young)	reproductive	system.	Tsetse	fly	
paratransgenesis	approaches	appear	to	be	
at	the	early	stages	of	R&D,	with	suggestions	
being	made	to	genetically	engineer	
gut	bacteria	to	disrupt	trypanosome	
transmission	to	humans,	which	leads	to	
trypanosomiasis	and	Chagas	disease.	No	
proof-of-principle	studies	appear	to	have	
been	published	demonstrating	the	use	
of	such	bacteria,	but	studies	have	been	
performed	to	identify	potential	bacterial	
species	that	could	be	the	target	for	future	
modifications	(De	Vooght	et	al.	2018).	The	

7.		 The	“MosquitoSphere	is	visible	here:	https://www.eurekalert.org/multimedia/pub/222526.php						
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work	has	been	performed	by	researchers	at	
the	Institute	of	Tropical	Medicine	Antwerp	
(Belgium),	funded	by	the	European	Research	
Council	and	a	joint	Food	and	Agriculture	
Organization	(FAO)/International	Atomic	
Energy	Agency	(IAEA)	project.		

Genome editing 

Johns	Hopkins	Bloomberg	School	of	Public	
Health’s	Malaria	Research	Institute	is	an	
institution	that	has	been	at	the	forefront	
of	gene	editing	research,	focusing	on	
mosquitoes.	Their	specific	research	focuses	
on	“CRISPR/Cas9	gene-editing	technology	
to	render	mosquitoes	malaria-resistant	
by	removing	a	so-called	host	factor	gene”	
(Dimopoulos,	as	cited	in	Johns	Hopkins	
Bloomberg	School	of	Public	Health.	n.d.).	
Genome	editing	is	a	new	GE	technology	
that	targets	specific	regions	of	DNA	for	
modification,	unlike	standard	existing	GE	
that	relies	on	inserting	DNA	into	random,	
unchosen	locations	in	an	organism’s	genome.	

Work	has	been	published	showing	the	
targeting	of	the	FREP1	gene	and	the	research	
is	focused	on	deleting	it	in	Anopheles 
gambiae	mosquitoes	(see	below),	in	order	to	
make	the	mosquitoes	resistant	to	malaria	
infection.	Support	for	this	research	was	
provided	by	the	National	Institute	of	Allergy	
and	Infectious	Diseases,	the	Bloomberg	
Philanthropies,	Centre national de la recherche 
scientifique	(CNRS),	the	French	National	
Institute	of	Health	and	Medical	Research	
(Inserm),	the	University	of	Strasbourg,	the	
French	National	Research	Agency	and	the	
Johns	Hopkins	Malaria	Research	Institute	
(Dong	et	al.	2018).	

Zambia	has	in	recent	years	been	under	
tremendous	pressure	to	relax	its	robust	
Biosafety	Act	of	2007,	including	a	shift	
away	from	the	precautionary	principle	and	
removing	provisions	on	liability	and	redress	
in	order	to	enable	experimentation	with	
GMOs	(ACB	2017;	Mutamba	2018).	In	late	
2019,	Zambia’s	GMO	regulator	had	granted	
licences	to	four	companies	to	import	
products	containing	GMOs,	despite	strong	
domestic	resistance	(Shilangwa	2019).	

RNAi-based pesticides for mosquito 
control

The	use	of	RNA	interference	(RNAi)	products	
is	being	envisaged	for	mosquito	control,	with	
potential	applications	in	Africa.	Research	
publications	have	demonstrated	using	RNAi	
in	products	such	as	pesticides	(Bona	et	al.	
2016)	or	for	reversing	pesticide	resistance	
in	Aedes aegypti	(Chen	et	al.	2019)	and	
Anopheles stephensi	species	(Negri	et	al.	
2019),	the	latter	being	present	in	Africa.	Field	
trials	of	RNAi	treated	larvae	have	also	already	
been	tested	in	Brazil	on	Aedes	mosquito	
species,	where	RNAi	was	used	in	order	to	
induce	sterility,	as	an	alternative	to	radiation,	
which	is	normally	practised	for	Sterile	Insect	
Technique.	Currently,	there	does	not	appear	
to	be	any	applications	beyond	the	research	
phase	on	African	mosquito	species.	

Locust infestations – the next GE 
target? 

The	2020	locust	infestations	of	the	East	
African	region	have	prompted	calls	by	GE	
proponents	for	the	use	of	GE	Metarhizium	
fungus	as	a	solution.	Unsurprisingly,	the	GM	
promoting	Cornell	Alliance	for	Science	media	
website,	funded	by	the	BMGF,	has	recently	
called	for	such	approaches	(Alliance	for	
Science	2020).	Non-GM	fungal	pesticides	are	
already	commercialised	for	such	uses,	but	the	
website	promotes	GE	approaches	to	make	
them	more	effective.	This	represents	the	
same	type	of	technology	trialled	in	Burkina	
Faso	(see	above).	

Chinese	media	has	also	reported	that	
Chinese	factories	are	already	producing	
thousands	of	tonnes	of	Metarhizium	for	
export,	reporting	that	“Metarhizium	is	a	
genus	of	fungi	with	nearly	50	species	–	
some	genetically	modified	–	that	is	used	
as	a	biological	insecticide	because	its	roots	
drill	through	the	insects’	hard	exoskeleton	
and	gradually	poisons	them”	(SCMP,	2020).	
However,	no	official	information	on	any	
GM	fungus	product	or	regulatory	approvals	
appears	to	be	currently	available	to	verify	
these	reports.	The	International	Institute	
of	Tropical	Agriculture	(IITA)	is	also	pushing	
conventional	GM	crops	as	a	solution	to	the	
locust	invasion	plaguing	the	Horn	of	Africa	
(Sangiga	2020).	Such	media	reports	serve	as	
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a	forewarning	that	the	GM	industry	will	try	
to	take	advantage	of	this	crisis	in	order	to	
profit	from	it,	and	rush	through	regulatory	
approvals	for	GM	strategies	as	purported	
solutions.	

These	are	alarming	trends,	especially	as	the	
relationship	between	climate	change	and	
the	unprecedented	locust	crisis	plaguing	
East	Africa	has	been	established	(United	
Nations	Environment	Programme	2020).	
Locust	swarms	are	known	to	be	more	active	
in	hotter	conditions,	but	they	can	also	be	
triggered	by	wetter	than	usual	conditions.	
From	October	to	December	2019,	the	Horn	of	
Africa	experienced	up	to	400	per	cent	normal	
rainfall,	which	brought	on	massive	swarms	
eating	their	way	through	crops,	in	a	region	
that	is	already	food	insecure.	It	is	feared	such	
phenomena	might	become	more	frequent	
with	a	changing	climate.	

US military “biodefence” projects 
target African crops 

Environmental	engineering	applications	
are	being	developed	in	the	use	of	viruses	to	
deliver	genome	editing	machinery	directly	to	
organisms.	Termed	“horizontal	environmental	
genetic	alteration	agents”	(HEGAAs),	they	
are	funded	by	the	US	military	research	arm,	

DARPA.	Under	the	auspices	of	the	Insect	Allies	
project,	the	stated	goal	on	their	website8	
is	to	develop	“counter	measures	against	
potential	natural	and	engineered	threats	to	
the	food	supply	with	the	goals	of	preserving	
the	US	crop	system”.	Cited	examples	of	
threats	include	climate	change	issues,	such	as	
drought	and	flooding,	pathogens	and	frost,	
as	well	as“threats	introduced	by	state	and	
non-state	actors”	(DARPA	2016).	As	underlined	
by	a	website	alerting	to	the	dangers	of	
the	Insect	Allies	programme,	“what	makes	
the	DARPA	Insect	Allies	program	unique	
compared	to	all	earlier	GM	virus	programs	
is	that	it	is	the	very	first	program	to	propose	
or	fund	the	development	of	HEGAA	viruses.	
These	have	the	capacity	to	perform	GE	in	the	
environment	(this	might	also	include	seeds	
if	the	target	species	is	a	plant)”	(TWN	2019;	
Evolbio	n.d.).	

The	DARPA	workplan	published	in	2016,	
however,	describes	its	aims	as	going	beyond	
modifying	the	US	crop	system,	to	include	
crops	of	“global	agricultural	importance	
(including	rice,	cassava,	cowpea,	tree	fruits,	
etc.)”	(DARPA	2016).	In	fact,	the	original	call	
for	funding	explicitly	states	that	the	DARPA	
research	excludes	work	on	so	called	“model	
plants”	(such	as	tobacco)	and	should	only	
focus	on	agronomic	crops.	

8.	 https://www.darpa.mil/program/insect-allies
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DARPA	states	that	such	a	technology	provides	
an	alternative	to	pesticide	application,	slash	
and	burn,	selective	breeding	and	quarantine	
that	would	be	employed	for	rapidly	emerging	
threats.	The	focus	on	crops	such	as	rice,	
cassava	and	cowpea,	which	are	staple	crops,	
key	to	food	security	in	Africa,	combined	with	
the	mention	of	a	solution	to	slash	and	burn,	
raises	alarm	bells	as	it	clearly	points	to	the	
potential	application	of	such	technology	on	
the	African	continent	(but	other	southern	
continents	as	well).	

The	applicability	of	the	Insect	Allies	approach	
was	explicitly	stated	by	Blake	Bextine	
(DARPA	programme	manager	for	Insect	
Allies),	who	in	a	2019	article	was	reported	to	
underline	how	useful	insect	allies	could	be	
in	combatting	pests	like	the	fall	armyworm	
(Spodoptera frugiperda).	He	is	further	quoted	
as	saying	that	“these	problems	(that	is,	the	
fall	armyworm)	can	pop	up	very	quickly	
and	sometimes	(in	an)	unforeseen	manner”	
(Partan	&	Goldstone	2018).	This	hints	at	
the	fact	that	developers	inherently	assume	
(and	hope)	that	an	emergency	such	as	the	
fall	armyworm	outbreak,	which	obviously	
poses	a	food	security	threat,	would	warrant	
such	biotech	solutions,	leading	to	overriding	
regulatory	obstructions	quicker	than	usual.	
This	echoes	a	technique	that	was	described	
by	Naomi	Klein	in	her	book	the	Shock	
Doctrine,	which	depicts	how	shocks	of	
any	kind	(cataclysm/economic	crisis)	have	
historically	created	fertile	ground	for	private	
sector	enterprises	to	appropriate	spaces	and	
overhaul	societies.

Scientific	experts	have	published	concerns	
on	the	limited	scope	provided	by	HEGAAs	
to	enhance	US	agriculture	(Reeves	et	al.	
2018).	Instead,	Insect	Allies	provides	a	
far	more	realistic	opportunity	for	dual-
use	applications,	developing	targetable	
bioweapons.	Indeed,	it	is	far	more	feasible	to	
destroy	genes	and	thus	kill	organisms	than	it	
is	to	insert	or	edit	genes	in	order	to	modify	a	
complex	trait	such	as	drought	tolerance	(Mao	
et	al.	2008).	Reeves’	(2018)	comment	on	this	is	
that:	“It’s	very	hard	to	imagine	you	wouldn’t	
very	much	earlier	develop	the	knowledge	
necessary	to	develop	biological	weapons,	
which	could	either	kill	growing	plants	or	
sterilise	growing	plants”	(Partan	&	Goldstone	
2018).	The	logistics	of	this	technology	as	an	
agricultural	tool	is	also	complex,	requiring	

rapid	responses	to	threats	that	would	require	
global	infrastructure,	such	as	insectaries,	
continuous	breeding	programmes,	and	
correct	development	of	viruses	for	each	
upcoming	threat.	

Using	insects	to	spread	genome	editing	
machinery	to	wild	organisms	removes	all	
predictability	for	controlling	dispersal	in	
agricultural	settings,	where	a	variety	of	
farming	practices	tend	to	co-exist.	This	
project	also	raises	grave	concerns	over	the	
controllability,	persistence	and	temporal-
spatial	spread	of	insect	vectors,	their	
associated	viruses	and	the	resultant	genetic	
modifications	in	the	open	environment.	

When	decrypting	which	institutions	were	
involved	as	DARPA	Insect	Allies	contractors,	
researchers	investigating	the	dangers	of	
Insect	Allies	identified,	among	others,	the	
Viruses	and	Insects	as	Plant	Enhancement	
Resources	(VPER)	programme	(their	
involvement	in	DARPA	was	announced	
in	2017).	The	consortium	includes	the	
Boyce	Thompson	Institute,	Iowa	State	
University,	the	University	of	Minnesota	
and	University	of	California	Davis	(meant	
to	host	the	final	phase	of	the	testing	“in	
tightly	controlled	greenhouses”).	This	
research	component	focuses	on	maize,	
with	the	target	insects	mentioned	being	
aphids	and	leafhoppers,	with	a	reported	
budget	of	$10.3	million.	Two	other	consortia,	
composed	of	American	universities,	are	
carrying	out	similar	research,	with	a	focus	
on	maize	and	tomatoes	(Evolbio	n.d.).	

Insect	Allies	is	to	come	to	a	close	in	2020.	
Since	DARPA	is	a	funding	agency,	its	role	
is	not	to	concretise	its	research	into	a	
product;	the	onus	will	be	on	another	
agency,	company,	or	non-governmental	
organisation	to	pick	up	on	the	technology,	
and	according	to	DARPA’s	spokesman,	their	
hope	is	that	the	United	States	Department	
of	Agriculture	(USDA)	will	take	over	from	
there	(Partan	&	Goldstone	2018).	The	ACB	
has	extensively	documented	how	the	USDA	
has	been	instrumental	in	pushing	the	
biotechnology	agenda	in	Africa,	starting	
with	GMOs	in	the	1990s.	There	is	little	
doubt	that,	should	the	USDA	take	the	lead	
on	concretising	this	research	into	projects,	
Africa	would	very	much	be	on	the	map.
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Conclusion
Second-generation	GMOs	are	being	fiercely	
promoted	as	cutting	edge	‘innovations’	
to	address	health	and	ecological	crises	
on	the	continent.	The	reality	however,	is	
that	the	technologies	being	promoted	
emanate	from	the	very	systems	that	have	
caused/aggravated	the	crises.	For	example,	
philanthro-capitalist	actors	such	as	the	Gates	
Foundation	are	funding	these	technologies	
while	at	the	same	time	investing	directly	in	
chemical	corporations,	agribusiness,	weapons	
producers	and	food/retail	industries	that	
are	creating	the	problems	they	purport	to	
address	(Shaw	and	Wilson,	2019).	

Systems	of	extraction	for	profit	and	wanton	
plunder	are	not	novel,	but	are	rooted	in	
colonial,	capitalist	systems	built	off	human	
and	environmental	exploitation	that	has	
brought	us	to	our	current	day	crises	of	
gross	economic	inequalities,		environmental	
destruction	and	collapsing	health	care	
systems.	As	witnessed	with	SARS-CoV2,	
neoliberal	approaches	to	health	in	the	UK	
and	US	have	resulted	in	some	of	the	slowest,	
most	ineffective	and	fatal	responses	to	
the	pandemic	in	the	world	(Dalglish	et	al.	
2020).	Scientists	and	practitioners	involved	
in	second-generation	GE	research	construe	
genetic	engineering	research	in	the	field	of	
health	as	the	best	manner	to	secure	consent	
and	overcome	public	resistance	to	genetic	
control	technologies	(Boëte	2019,	pers.	Com).	
In	other	words,	health	care	is	one	of	the	
Trojan	horses	of	bigger	and	more	ambitious	
GE	technology	agendas,	with	the	promoters	
of	second-generation	technologies	being	
extremely	cautious	not	to	repeat	the	same	
“mistakes”	made	by	Monsanto	et	al,	(when	
they	aggressively	forced	first	generation	
GMOs	onto	the	world)	(Esvelt	as	cited	in	ETC	
&	Heinrich	Böll	2018:8).

What	is	being	overlooked,	is	that	African	
(and	other)	scientific	systems	provide	a	
huge	amount	of	medical	knowledge	that	
has	and	continues	to	get	appropriated	and	
funnelled	into	biomedical	and	pharma-based	
approaches	to	health	care.	

The	current	COVID-19	crisis	is	fracturing	
the	myth	that	global	health	expertise	is	to	
be	found	principally	in	North	America	and	

Europe.	As	recognised	in	the	British	medical	
journal	The Lancet:	“COVID-19	is	giving	the	
lie	to	prevailing	notions	of	expertise	and	
solidarity.	The	global	health	model	is	based	
in	large	part	on	technical	assistance	and	
capacity	building	by	the	US,	the	UK,	and	other	
rich	countries,	whose	response	has	been	
“sclerotic	and	delayed	at	best”	(Dalglish	et	
al.	2020).	The	British	medical	journal	follows	
suit	in	a	recent	editorial	(Kickbusch	et	al.	
2020),	stating	that	“Covid-19	has	taught	
us	that	health	is	the	basis	of	wealth,	that	
global	health	is	no	longer	defined	by	Western	
nations	and	must	also	be	guided	by	Africa	
and	Asia”	(Kickbusch	et	al.	2020),	with	the	
West	needlessly	losing	lives	as	a	result	
of	hubris	and	failure	to	learn	from	other	
nations.	

As	early	as	2008,	Dr	Arata	Kochi,	former	
Director	of	the	WHO	Malaria	Programme,	
released	a	memo	in	which	he	complained	
about	the	stronghold	exerted	by	the	BMGF	
on	malaria	research,	pointing	out	that	
the	debate	is	being	stifled	and	research	is	
biased	in	favour	of	new	technology	and	
new	drugs	(Donald	and	McNeil	2008).	There	
is	demonstrable	evidence	that	traditional	
methods	for	addressing	malaria	on	the	
continent	over	the	past	two	decades	have	
been	highly	effective	in	curbing	malaria-
attributed	fatalities.	Insecticide	treated	
nets	have	been	reported	to	outweigh	
any	other	interventions	in	preventing	
malaria	transmission	in	Africa,	accounting	
for	an	estimated	68	per	cent	(62-72	per	
cent)	of	the	declines	witnessed	by	2015.	
Indoor	residual	spraying	and	artemisinin-
based	combination	therapy	have	further	
contributed	significantly	to	reducing	
prevalence	and	incidence	where	they	have	
been	implemented	at	scale	(Bhatt	et	al	2015).	
This	is	not	something	Target	Malaria	and	the	
BMGF	would	like	the	general	public	to	be	
aware	of.	It	also	seems	that	solutions	that	are	
based	on	Nature’s	own	weaponry	could	offer	
less	risky	prospects	to	curb	the	disease,	with	
the	discovery	that	naturally	present	bacteria	
in	Kenyan	mosquitoes	are	able	to	prevent	
mosquitoes	from	being	infected	with	the	
parasite	in	laboratory	settings	(Herren	JK	et	
al.	2020).	As	set	out	in	this	paper,	imperialist	
projects	are	not	interested	in	bettering	the	
lives	of	Africans.	Any	release	of	gene	drive	
mosquito	would	serve	the	sole	purpose	of	
creating	a	precedent	for	other	such	similar	
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technological	applications	elsewhere	in	the	
world	and	in	other	sectors.	Furthermore,	the	
foreseen	recrudescence	of	locust	invasions	in	
the	Horn	Africa	will	be	exploited	to	push	GM	
crops	on	depleted	countries	in	East	Africa.	
Philantro-capitalist	ventures	are	set	to	profit	
from	the	many	health	and	ecological	crises	in	
Africa	for	decades	to	come.

As	already	experienced,	GE	technologies	
are	doomed	for	failure.	These	represent	
in	essence	‘epistemic	colonisation’	
(Navdanya,	2020)	and	deny	the	diversity	
of	knowledge	that	is	required	to	sustain	
biodiversity	and	sustainable	food	
production.	Western	science	has	long	
been	used	to	justify	imperialist	projects,	
as	well	as	provide	the	necessary	tools	for	
their	application,	all	the	while	denigrating	
and	simultaneously	appropriating	other	
scientific	systems	in	the	process.		

Most	importantly,	our	African	leaders	need	to	
play	a	pioneering	role	in	curbing	ecosystems	
destruction	and	collapse	and	biodiversity	
erosion	and	loss	on	the	continent.	(IPBES	
2019).	This	call	for	averting	the	ecological	
crisis	is	not	driven	by	a	pure	“conservationist”	
vision;	it	is	inextricably	tied	to	human	
health.	The	current	Covid-19	crisis	has	very	
bluntly	shown	that	the	disruption	of	the	
buffer	roles	that	has	been	traditionally	

played	by	forestry	systems	means	that	
potential	viral	transmission	from	wildlife	
is	no	longer	contained	(Wallace	2020).	The	
upsetting	of	equilibria	that	nature	provides	
through	deforestation	is	also	linked	to	
other	human	infectious	such	as	malaria	
and	leishmaniasis	(Walsh	et	al.	1993).	
Populations	living	within	or	near	fragmented	
forests	have	a	much	higher	risk	of	infection	
due	to	increased	contact	with	vectors	at	
forest	edges	and	the	reduced	biodiversity	
of	the	area	(Chen	2015).	Resources	
could	be	far	better	spent	if	dedicated	to	
alleviating	the	real	issues	of	overreliance	
on	ecosystems,	deepening	inequalities,	
derelict	infrastructure	and	lack	of	sanitation,	
which	if	addressed,	would	make	a	much	
greater	dent	in	changing	malaria	endemicity	
in	sub-Saharan	Africa	than	the	risky	and	
dangerous	colonial	projects	supported	
by	the	Gates	Foundation	and	forced	onto	
Africa	by	actors	such	as	Target	Malaria.

As	with	first-generation	GMOs,	second-
generation	GMOs	will	continue	to	divert	
attention	and	investment	away	from	
sovereign	systemic	solutions	to	combat	
ecological,	economic	and	health	crises.	Such	
solutions	can	prosper	from	a	clean	break	
from	the	failed	promises	of	first-	and	second-
generation	GMOs	and	their	underlying,	failed	
ideologies.
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