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Abstract The OX513A strain of Aedes aegypti, which was developed by the British company Oxitec, expresses a self-limiting transgene that
prevents larvae from developing to adulthood. In April 2014, the Brazilian National Technical Commission on Biosafety completed a risk
assessment of OX513A and concluded that the strain did not present new biological risks to humans or the environment and could be
released in Brazil. At that point, Brazil became the first country to approve the unconstrained release of a genetically modified mosquito.
During the assessment, the commission produced a comprehensive list of —and systematically analysed — the perceived hazards. Such hazards
included the potential survival to adulthood of immature stages carrying the transgene — should the transgene fail to be expressed or be
turned off by exposure to sufficient environmental tetracycline. Other perceived hazards included the potential allergenicity and/or toxicity
of the proteins expressed by the gene, the potential for gene flow or increased transmission of human pathogens and the occupation of
vacant breeding sites by other vector species. The Zika epidemic both elevated the perceived importance of Ae. aegypti as a vector —among
policy-makers and regulators as well as the general public — and increased concerns over the release of males of the OX513A strain. We
have therefore reassessed the potential hazards. We found that release of the transgenic mosquitoes would still be both safe and of great
potential value in the control of diseases spread by Ae. aegypti, such as chikungunya, dengue and Zika.
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Introduction

In April 2014, Brazil's National Technical Commission on
Biosafety —the agency officially responsible for the assess-
ment of the risks posed by genetically modified organisms in
Brazil - assessed the potential risks of the release in Brazil of
the transgenic OX513A strain of Aedes aegypti and concluded
that such a release would be safe.! At that point, Brazil became
the first country to approve the unconstrained release of a
genetically modified mosquito. Two years later, however, the
Zika epidemic had added to the general public’s concerns
over the release of mosquitoes and we therefore decided to
re-investigate the perceived risks and update the commission’s
risk assessment.

Control of arbovirus vectors

Several arboviruses - for example chikungunya virus, dengue
viruses and, more recently, Zika virus - cause much human suf-
fering in Brazil.>* In 2015, for example, there were more than
1.5 million suspected cases of dengue fever in the country.”
While attempts to create effective or cost-effective vaccines
continue, control of the mosquito vectors remains of the ut-
most importance.’ Brazil has had some success in controlling
mosquitoes, even early in the 20th century when no effective
insecticides were available.” Mosquito control, by residents,

health workers and other municipal workers supported by
a heterogeneous and broad set of collaborators, remains the
focus of the National Dengue Control Programme.® However,
the failure of this programme to reduce vector populations to
levels that could interrupt dengue transmission’ has spurred
Brazilian interest in dengue vaccines® and novel approaches
to vector control such as the sterile insect technique.’* The
International Atomic Energy Agency describes the sterile
insect technique as “a type of birth control in which wild
female insects of the pest population do not reproduce when
they are inseminated by released, radiation-sterilized males”"*
Although sequential releases of large numbers of the steril-
ized males should lead to a reduction in the size of the pest
population, the irradiation used can reduce the released
insects’ competitiveness — and this appears to be a particular
problem when the insects involved are mosquitoes.”® Over the
last decade, as an alternative to the sterile male technique, the
genetic modification of mosquitoes, with the production of
large numbers of males and females that carry a self-limiting
transgene, has been investigated.'® Once released in the envi-
ronment, the male insects carrying the transgene — which have
to be produced in the presence of a selective agent that blocks
the transgene’s expression — should, potentially, compete on
equal terms with the wild males."”~*

The OX513A strain of Ae. aegypti, which was developed
by the British company Oxitec, expresses a self-limiting
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Fig. 1. Structure and function of the 0X513 insert, a transgenic construction inserted

into the Aedes aegypti genome
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tTAV: tetracycline-repressible transcriptional activator; UTR: untranslated region.

Notes: The insert is a non-autonomous transposon derived from a piggyBac transposon. Transformants
may be traced via the fluorescent protein expressed by the DsRed2 gene, which expression is driven

by the Act5C promoter. The tetracycline-repressible transcriptional activator is under control of its own
binding site, tetO, —a minimal Drosophila hsp70 promoter. The increase in the intracellular concentration
of this activator disrupts cell metabolism and leads to cell death. Although the insert’s 5'and 3'ends allow
the insert’s insertion in double-stranded deoxyribonucleic acid in the presence of a specific transposase,
the insert cannot be further mobilized because the necessary enzyme is not expressed by the transgenic
mosquito. Drosomycin 3"UTR and fs(1)K103'UTR are spacers.”’

dominant transgene that is able to kill, at
larval stage, the mosquitoes in which it
is expressed (Fig. 1).” In the presence of
tetracycline, the transgene is either not
expressed or is only expressed at a very
low and non-lethal level. Once released
in the environment, most males carrying
the transgene die after about two days.”!

Risk perceptions and
assessments

In almost all countries, any living modi-
fied organism derived from modern
biotechnology is very strictly regulated
and subjected to a long and detailed risk
assessment.” In Brazil, which is a Party to
the Cartagena Protocol on Biosafety to the
Convention on Biological Diversity, such
risk assessment is the sole responsibility
of National Technical Commission on
Biosafety.”” The commission consists of 27
members and an equal number of surro-
gates — chosen by various federal govern-
ment agencies and civil organizations -
including highly qualified scientists from
across the country. As stipulated in the
Cartagena Protocol, any risk assessment
of a genetically modified product has to
be supported with so-called hard data and
preferably with hard data collected in the
country that intends to use the product.
In 2011, the commission was asked to
conduct a risk assessment of the biosafety
of the OX513A strain of Ae. aegypti as a
precursor to the experimental, small-scale
release of adult males of the strain in
Brazil’s Bahia state —first in Juazeiro and
then in Jacobina- that would take place

from 2012 to 2014. The commission used
data collected in these releases and in field
experiments conducted in the Cayman
Islands and Malaysia, along with some
relevant laboratory results, to produce a
comprehensive risk assessment.' In April
2014, on the basis of this assessment, the
commission approved the OX513A strain
for unconstrained release throughout
Brazil, primarily as a method of dengue
control.

Risk assessments by the commis-
sion, like those by most agencies tasked
with assessing the risks posed by the
release of a genetically modified organ-
ism, consist of four main steps, which
comply with the Cartagena Protocol:
(i) problem formulation; (ii) risk char-
acterization; (iii) risk classification; and
(iv) an overall safety evaluation.”>” In
problem formulation, specialists out-
line the release scenario and list all the
associated hazards - as perceived by
themselves, by other specialists and by
the general public. Each perceived haz-
ard is then assessed in the context of the
planned release, using any relevant data
that are available and considering each
plausible route by which the hazard may
cause harm. In this risk characteriza-
tion, any perceived hazards that cannot
plausibly lead to harm are excluded. In
the subsequent risk classification, the
risk of each of the remaining perceived
hazards occurring is estimated. Finally,
the assessors estimate the overall risk
posed by the planned release and con-
sider whether the organism should be
considered safe for the environment.
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Although international guidelines
on the assessment of food safety”® do not
apply directly to mosquitoes, they can
still be useful in assessing the allergenic-
ity and toxicity of novel proteins created
as the result of the genetic modification
of such insects.

2014 assessment

As part of its risk assessments of the
OX513A strain in 2014, the Technical
Commission listed the potential haz-
ards. Although some of the listed haz-
ards were perceived by specialists, most
had been voiced by the general public.
Among the main perceived hazards
were the unexpected survival of at least
some of the mosquitoes that carried the
transgene and/or their progeny as the
result of partial penetrance and/or the
presence of tetracycline in the environ-
ment, allergenicity and/or toxicity of
two new proteins expressed, possibly in
the mosquitoes’ saliva, as a result of the
genetic modification, the vertical and
horizontal flow of the transgene and its
consequences, the participation of trans-
genic mosquitoes in the transmission of
dengue viruses and the occupation, by
other vector species, of breeding sites
made vacant by the intervention.'

Only one of the listed perceived haz-
ards - that is, survival in the presence of
tetracycline — was considered plausible,
and even that hazard was deemed un-
likely since concentrations of tetracycline
found in freshwater are usually more
than two orders of magnitude lower
than that needed to block the transgene’s
expression in laboratory-bred insects.’
In addition, only 50% of the progeny
of any female mosquitoes carrying the
transgene into adulthood would carry the
lethal gene - and they all die at the larval
stage if not also protected by exception-
ally high concentrations of tetracycline.

Although the occupation of breed-
ing sites cleared of Ae. aegypti by other
vector species — for example Ae. albop-
ictus — was deemed a negligible risk by
the entomologists involved in the risk
assessment, it remained an area of con-
cern among a few of the commission’s
non-specialists.

The commission approved the na-
tionwide release of adult males of the
OX513A strain on the condition that
Oxitec investigated tetracycline con-
centrations in potential breeding sites
by means of periodic literature reviews
and also investigated the occupation of
cleared breeding sites by Ae. albopictus.
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Fig. 2. Numbers of mosquito larvae in traps set up in a control area where males of
the transgenic 0X513A strain of Aedes aegypti were released, Piracicaba county,
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Notes: The transgenic male mosquitoes were released throughout 2015. Data shown here were
previously presented.” Figure republished with permission from Oxitec, Abingdon, United Kingdom of

Great Britain and Northern Ireland.

2016 reassessment

By 2016, the recent Zika outbreak had
led to additional concerns about the
release of any Ae. aegypti in Brazil, al-
though few of these concerns had been
voiced by universities, research centres
or official risk assessment agencies. Such
new concerns had arisen even though,
by 2016, the usefulness of genetic modi-
fication in the control of mosquitoes
had been demonstrated in Brazil and
elsewhere'”'”” and there appeared to
be ever-growing acceptance of such an
approach to vector control among the
general public and public health manag-
ers. Among the new concerns were the
potential participation of released mos-
quitoes or their progeny in the transmis-
sion of Zika virus, and the perceived
possibility of horizontal gene transfer
from the transgenic mosquitoes to the
Zika virus - potentially making the virus
more harmful to humans. Although to
us neither of these newly perceived ad-
verse effects of the release of transgenic
mosquitoes in Brazil appeared plausible,
in April 2016 we reassessed the general
safety of the unconstrained release of
males of the OX513A strain of Ae. ae-
gypti in Brazil.

The plans for the commercial re-
leases of males of the OX513A strain
throughout Brazil have not been
changed since the 2014 risk assess-
ment. It is expected that the releases
will take place mainly in cities or other
densely populated areas, in association
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with other control measures and under
continuous surveillance by the relevant
municipal health authorities and Oxitec.
At the time of writing, a large-scale
but still pre-commercial release is in
progress in Piracicaba county in Sdo
Paulo state. The data already collected
during this release (Fig. 2) confirm the
effectiveness of such releases, support
the encouraging results previously ob-
tained in the Cayman Islands, Malaysia
and the Brazilian town of Juazeiro,'**’
and the commission’s earlier conclusion
that such releases are safe.

As male mosquitoes do not feed on
blood, the intention is to release only
male Ae. aegypti. However, there is a
small margin of error during the separa-
tion of males and females before field
release and therefore up to 0.2% of the re-
leased insects may be females.”’ Although
the bites of the released females are
clearly perceived as a risk by the general
public, they are relatively rare and most of
the released females will be dead within
two days, too soon for them to become
infectious even if they have taken a blood
meal that contains chikungunya virus,
dengue virus or Zika virus.” Even if, as
may occasionally happen, a female car-
rying the transgene survives long enough
to become infectious, there is no evidence
that it will be any worse as a vector than
a wild Ae. aegypti.”’

As genomic analyses have revealed
many examples of gene transfer be-
tween distinct taxa,” horizontal gene
transfer is always a controversial issue

Paulo Paes de Andrade et al.

in discussions about the unanticipated
risks of releasing a genetically modified
organism. However, such gene transfers
appear to be very infrequent. There is evi-
dence of horizontal gene transfers from
invertebrates to mammals but all such
transfers that have been detected appear
to be transposon-dependent and very
infrequent.”** It does not seem possible
that the piggyBac transposon used in the
construction of the OX513A strain of
Ae. aegypti could mediate the transfer of
genetic information from the mosquito to
other genomes. This transposon does not
codify transposase and, since transposase
is not codified in the mosquito’s genome,
the insert cannot be remobilized.

Even if a transposase were present,
there seems to be no risk of genetic
transfer between the OX513A strain’s
transgene and the Zika virus because the
viral genome is made of single-stranded
ribonucleic acid, which is not a substrate
for transposases. When, in an effort to
understand the Zika outbreak in Brazil,
various isolates of the Zika virus were
sequenced, no evidence was found for
transposon insertion or any other form
of horizontal gene transfer.”

Conclusion

After circulating around the world, the
Zika virus is rapidly spreading through
the Americas.” The detection of an as-
sociation between microcephaly in a baby
and maternal infection with Zika virus”*
has greatly increased the perceived impor-
tance of the primary vector of Zika virus
— that is, Ae. aegypti — among both the
general public and policy-makers.”” The
results of our reassessment of the safety of
releasing males of the genetically modified
OX513A strain of Ae. aegypti, as well as
the results of a related assessment by the
United States Food and Drug Admin-
istration,” indicate that releases of such
mosquitoes still offer a safe and potentially
effective way of reducing wild populations
of the vector. The risk-assessment compo-
nents adopted by both the commission
and the United States Food and Drug
Administration* are those recommended
by the World Health Organization.* In the
ongoing battle against the Zika outbreak,
the Brazilian health managers’ choice
of control methods has to be based on
careful risk assessments and not on risk
perceptions. Public perceptions - espe-
cially with the advent of fast and global
communications via the Internet - are
often inaccurate and the general public is
often misled by conspiracy theories and
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catastrophism.”* In the field of mosquito
control by genetic modification, Brazilisa
world leader. Brazil has already evaluated
the OX513A strain of Ae. aegypti and ap-
proved the strain’s commercial use. Once

the strain has been registered at Brazil's
National Health Surveillance Agency, it
will probably be commercially released
throughout the country. H
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Résumé

Utilisation d’une souche transgénique d’Aedes aegypti au Brésil: perception et évaluation des risques

La souche OX513A d'Aedes aegypti, qui a été créée par la société
britannique Oxitec, exprime un transgéne autolimitant qui empéche
les larves de se développer et de devenir adultes. En avril 2014, Ia
Commission technique nationale de biosécurité du Brésil a procédé
a une évaluation des risques liés a la souche OX513A et conclu quelle
ne présentait pas de nouveaux risques biologiques pour les étres
humains ou I'environnement et pouvait étre lachée au Brésil. Le Brésil
est donc devenu le premier pays a approuver le lacher non contraint
d'un moustique génétiquement modifié. Au cours de |évaluation, la
commission a établi une liste exhaustive des risques percus, quelle
a par ailleurs systématiquement analysés. Ces risques incluaient la
survie potentielle a I'age adulte des larves immatures porteuses du
transgéne — si le transgene ne sexprime pas ou est désactivé par une

Bull World Health Organ 2016,94:766—771

exposition a la tétracycline suffisante dans lenvironnement. Les autres
risques percus incluaient les potentielles propriétés allergisantes et/
ou la toxicité des protéines exprimées par le géne, Iéventualité d'un
flux de genes ou d'une transmission accrue d'agents pathogénes pour
I'homme et l'occupation de sites de reproduction vacants par d'autres
especes vectrices. 'épidémie d'infections a virus Zika a accentué
limportance accordée par les responsables politiques, les organismes
de réglementation ainsi que le grand public a Ae. aegypti en tant que
moustique vecteur, eta accru linquiétude relative au lacher de males de
la souche OX513A. Nous avons donc réévalué les risques potentiels. Nous
estimons que le lacher de moustiques transgéniques serait a la fois sans
danger et extrémement utile pour lutter contre les maladies transmises
par Ae. aegypti, telles que le chikungunya, la dengue et le virus Zika.
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Pesiome

Mcnonb3oBaHne reHeTnYeCKN N3MeHeHHbIX Aedes aegypti B bpa3unuu: oco3HaHMe 1 OLeHKa pUCKoB

Bupa komapos Aedes aegypti nop HazsaHviem OX513A, pa3paboTaHHbIN
6puTaHckoi komnaxuer Oxitec, SKCNpeccrpyeT orpaHNyMBaIoLNIA
NONYNALMIO CBOErO HOCUTENA TPAHCreH, KOTOPbIN NPenATCcTByeT
Pa3BUTUIO IMUMHKIK BO B3POCylo 0cobb. B anpene 2014 roaa
bpa3sunbckaa HauMoOHaNbHaA TeXHMYeCKaa KOMMCCUA MO
6robe3onacHOCTY 3aBeplumna oueHKy prckos OX513A 1 npuwwna
K BbIBOAY, UTO 3TOT BU He NpefCTaBAeT HOBbIX OMONOrMYeCcKmX yrpo3
[NA YenioBeKa WK OKpysKatoLLiel Cpefibl 1 MOXKET ObiTb BbiNyLLEH B
Bpaswvnuu. Toraa bpasnnwis ctana nepBoi CTPaHoi, B KOTOPOW Obin
paspelleH HeOrPaHMYEHHbIV BbIMYCK reHeTUYECKN N3MEHEHHbBIX
KOMapOB. B x0/ie OLIEHKI KOMUCCUA OMyOnnKoBana UcUeprbiBaioLLni
nepeyeHb NpeanonaraeMbiX PUCKOB M MPOBESIA X CUCTEMATUYECKII
aHanu3. Takme pUCKM BKIlOYany NoTeHUManbHy0 CNOCOOHOCTb
KOMapOB HEMONOBO3PENON CTaANM, HECYLMX TPAHCTeH, AOKNTbL A0
PenpPOaYKTMBHOIO BO3pacTa B C/lyyae HeyaaBLenca SKCnpeccnm
TPaHCreHa Wnn ero NoAasneHns, Bbi3BaHHOrO BO3AeNCTBMEM
[OCTaTOYHOIO KOIMYECTBa TETPALMKIIMHA Ha KOMapOB BO BHELLHEN

cpepe. Cpean Apyrvx NpeanonaraeMbix PUCKOB — MOTeHLManbHasA
annepreHHoCTb UAN TOKCUYHOCTL OenKoB, 06PasyloLLnXCa B
pe3yibTaTe IKCNPeccun reHa, BO3MOXHOCTb Apeiida reHoB m1nu
MOBbILEHHOrO PacnpoCTPaHeHna 60Ne3HETBOPHBIX OPraH3MOB
ANA YenoBeka W 3aceneHne CBOOOHLIX MECT Pa3MHOXeHMA
APYrMMI BUaMM NepeHOCUMKoB. Ha doHe anmaemmnmn Bupyca 3vika
NLa, OTBETCTBEHHbIE 3a Pa3paboTKy CTPATErMyecKrx peLleHni,
perynvpytoLie opraHbl, a Takke oOLECTBEHHOCTb YBENNUMIN
BHUMaHMe K ponun Ae. Aegypti B KauecTBe NepeHOCUYMKOB U
Bbipa3nnun 0onblyto 06eCNOKOEHHOCTb MO MNOBOAY BbiMyCKa
MycKux ocobeit uaa OX513A. T1o 3Tol NpuyMHe aBTopbl AaHHOW
CTaTbl NPOBENV NOBTOPHYIO OLEHKY MOTEHLMANbHbBIX PUCKOB.
Bbina nogTBepxeHa 6€30MacHOCTb 1 BbICOKOE MOTEHLManbHoe
3HaueHwe BbiNycka reHeTUYECKH M3MEHEHHbIX KOMapoB Ana 60pbobl
C pacnpocTpaHaembiMn Ae. aegypti 3aboneBaHnAMK, TakUMK Kak
UMKYHIYHbA, leHre 1 60ne3Hb, Bbi3biBaeMan BUPYCOM 3MKa.

Resumen

Uso de Aedes aegypti transgénicos en Brasil: percepcion y evaluacion de riesgos

La cepa OX513A de Aedes aegypti, que desarrolld la empresa britanica
Oxitec, expresa un transgén autolimitado que impide que las larvas se
desarrollen hasta la edad adulta. En abril de 2014, la Comision Nacional
Técnica de Bioseguridad de Brasil realizé una evaluacién de riesgos de
OX513Ay concluyé que la cepa no presentaba nuevos riesgos bioldgicos
para los humanos o el medioambiente y que podria liberarse en Brasil.
En ese momento, Brasil se convirtié en el primer pais en aprobar la
liberacion ilimitada de un mosquito modificado genéticamente. A
lo largo de la evaluacion, la comision redactd una lista completa, y
analizada sistematicamente, de las posibles contingencias. Entre dichos
peligros se encontraba la posible supervivencia hasta la edad adulta
de etapas inmaduras que portan el transgén, en caso de que éste no
consiga expresarse o se inutilice debido a la exposicion a la suficiente

tetraciclina medioambiental. Otras posibles contingencias eran la alergia
y/o toxicidad de las proteinas expresadas por el gen, la posibilidad de un
flujo genético o el aumento de la transmision de patdégenos humanosy
la ocupacion de lugares de cria desocupados por parte de otras especies
vectores. La epidemia por el virus de Zika aumenté la importancia de Ae.
aegypti como vector, entre los responsables y requladores politicos, asf
como entre el publico general,y aumento las preocupaciones acerca de
la liberacion de machos de la cepa OX513A. Por lo tanto, se han vuelto
a evaluar los posibles riesgos. Se ha descubierto que la liberacion de
mosquitos transgénicos serfa segura y tendrfa un gran valor potencial
en el control de la propagacién de enfermedades por Ae. aegypti, como
la fiebre chikungunya, el dengue y la enfermedad por el virus de Zika.
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