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Abstract

The ability to genetically engineer insects other than Drosophila melanogaster has further extended modern genetic techniques
into important insect pest species ranging from fruit fly pests of horticulture to mosquito vectors of human disease. In only a rela-
tively short period of time, a range of transgenes have been inserted into more than 10 insect pest species. Genetic transformation
of these pest species has proven to be a very important laboratory tool in analyzing gene function and effects on phenotype how-
ever the full extension of this technology into the field is yet to be realized. Here we briefly review the development of transgenic
technology in pest insect species and discuss the challenges that remain in this applied area of insect genetics and entomology.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

The sterile insect technique (SIT) is an increasingly
important component of integrated pest management
programs for key agricultural pests (Tan, 2000;
Wyss, 2000; Robinson, 2002). Operational use of the
SIT continues to reveal areas where technology can still
improve efficiency and thus lead to more cost effective
programs. The transfer of genetic sexing technology to
medfly, Ceratitis capitata, SIT programs is a recent
example of the use of improved technology (Robinson
et al., 1999). The International Atomic Energy Agency
(IAEA) and the Food and Agriculture Organisation of
the United Nations (FAO) continue to play a leading
role in the development and implementation of this
technology through their Joint FAO/IAEA Division of
Nuclear Techniques in Food and Agriculture and the
FAO/IAEA Agriculture and Biotechnology Labora-
tory at Seibersdorf, Austria.
The past 10 years have seen an explosion in the use

of molecular biology in all biological sciences;
especially in the fields of medicine and agriculture and

particular emphasis has been placed on gene transfer

technology. The recognition that the development of

gene transfer techniques in pest insects could lead to

improvements in the SIT, encouraged the agency to

support and co-ordinate activities in this field. The

major mechanism used to achieve this objective was

through co-ordinated research projects (CRP). These

projects are organized using a network of research

teams who collaborate for a period of 5–6 years in

achieving the common goal. Two CRPs have been

completed and the results of the first were published in

1998 (IAEA, 1998) and this issue of IBMB summarizes

the results of the second CRP, ‘‘Transgenic Technology

and its Application in the SIT’’. It is encouraging that

with the completion of the second CRP, transform-

ation of many different insect pest species has been

demonstrated and with some species the process is now

rather routine.
The agency can take considerable credit for the suc-

cessful development of gene transfer techniques in pest

insects. Scientific progress in the field is now such that

transgenic technology in pest insects can be moved

from the laboratory to initial evaluations of strains
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under operational conditions of large scale rearing and
in contained field cage situations to assess mating com-
petitiveness of the transgenic strains. During the
implementation of the CRPs, highly efficient vectors
for pest insect transformation have been developed and
widely applicable transformation markers have been
identified. These developments have made the screening
of putative transgenic individuals in any pest species
extremely efficient and have led to the creation of
transgenic strains in more than 10 pest insect species.
In many pest insects molecular analyses of important
gene systems have produced useful biological reagents
for the development of transgenic strains for use in SIT
and other control strategies.
2. Early developments

The development of gene cloning and in vitro gene
splicing techniques in bacteria in the early 1970s sug-
gested new possibilities for the use of genetic engineer-
ing in many fields of pure and applied biology. In the
field of applied biology, important constraints in agri-
cultural production and the many issues related to
human health were considered to be targets for this
new technology. In both these areas, insects, either as
pests on agricultural crops or as vectors of disease, still
represent a major problem for modern society. This
present situation exists despite the best attempts of
entomologists, chemists and ecologists to devise meth-
ods of insect control that effectively address a specific
insect problem without generating new concerns. It is
still the case that most insect problems are addressed
by the application of chemical toxins, delivered either
directly or, more recently for agricultural pests,
through transgenic plants. In the public health area,
insect-transmitted diseases are becoming an ever-grow-
ing problem for an increasing proportion of the world’s
population.
The application of genetic engineering to help solve

insect-related problems was first discussed during a
meeting sponsored by the Rockefeller Foundation in
1979 (Levin, 1979). At that time the possibilities of
introducing specific genes into the genomes of pest
insects seemed remote although the author did suggest
that ‘‘in the more distant future it may be possible to
use genetic engineering techniques to shift the food pre-
ferences of pest insects from crop plants to agricultu-
rally noxious weeds’’.
In 1982, Rubin and Spradling (1982) were successful

in transforming Drosophila melanogaster and this sti-
mulated the elaboration of new ideas related to the use
of this new technology in pest control (Cockburn et al.,
1984; Beckendorf and Hoy, 1985). Most of the early
attempts to transform pest insects were carried out
using P-element based vectors that had been so success-
ful with Drosophila. These attempts all failed and it
was soon recognized that the P-element system depen-
ded on the presence of several host factors specific to
this species or closely related ones (O’Brochta and
Atkinson, 2000). Another major problem encountered
in these early experiments was the lack of efficient
transformation markers and reliance on antibiotic
selection to identify putative transformants that proved
to be highly ineffective. These failed attempts pointed
towards the need for the identification of other trans-
posable elements with a wider host range and this
search has been very successful, as has the isolation of
generic transformation markers (see below).
3. Transgenic technology: the current state of the

art

Genetic transformation of non-drosophilid insects is
now possible using four transposon-based gene vectors
(for reviews see Handler, 2001, 2002; Atkinson, 2002;
Atkinson et al., 2001). These vector systems, con-
structed from the mariner, Minos, Hermes and piggy-
Bac transposable elements, have been used to
transform 15 species of insects including Diptera,
Hymenoptera, Lepidoptera and Coleoptera (see
Table 1). These vectors are likely to be useful in a very
wide range of insect species. Robust genetic marker
systems for recognizing transgenic insects based on a
variety of fluorescent proteins are now available (Horn
et al., 2002). These dominant marker systems, com-
bined with highly conserved gene regulatory sequences,
provide reliable methods for detecting, maintaining and
recognizing transgenic insects. The availability of these
vector and marker systems has allowed numerous gen-
etic manipulations in insects with agricultural and
human health significance. One agricultural pest, the
pink bollworm, has already been registered for testing
a fluorescent marking system in a contained release,
(Peloquin, personal communication) and a malaria vec-
tor, Anopheles stephensi, has been made partially
refractory to an infectious pathogen (Ito et al., 2002).
Several types of genetic manipulation have been pro-
posed that may improve SIT programs and provide
new methods for biological control (Robinson and
Franz, 2000). In Drosophila, transgenic strains carrying
constructs of relevance to improving the SIT have
already been tested successfully, e.g. conditional gene
expression systems have been used to achieve female-
lethality for genetic-sexing, (Thomas et al., 2000; Hein-
rich and Scott, 2000; Horn and Wimmer, 2003). Models
using other conditional lethal systems have been
developed, e.g. the use of temperature sensitive muta-
tions (Schliekelman and Gould, 2000a).
Although existing transposon vectors have proved to

be widely useful, experimental evidence indicates that
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the transposable elements have a wide distribution and
host range. This raises concerns about vector stability
in transgenic strains when used in large scale rearing
and for field release trials. Currently, limited infor-
mation is available about mobile element interaction
with the host genome and their ability to move
between species. Safe and efficient implementation of
transgenic systems to a broad variety of insect pests
will require methods to ensure vector stability and
strain integrity, while maintaining consistent levels of
transgene expression. Heterologous recombination sys-
tems, tested in Drosophila, will allow vector immobili-
zation after primary genomic integration events, and
DNA insulator cassettes should minimize chromosomal
effects on transgene expression levels.
4. Major areas for application of transgenic

technology

4.1. Sterile insect technique

There are three key areas in SIT programmes where
the use of transgenic strains can be of considerable
importance. First, the development of a genetic marker
would remove the need to mark released flies with flu-
orescent dust. The current process using fluorescent
dye is inefficient, expensive and has a negative impact
on the sterile insects and on the health of workers in a
mass rearing facility. Secondly, transgenic approaches
to the production of male only progeny could improve
the efficiency of current systems and facilitate the
expansion of the system to other pest species. Thirdly,
the use of molecular methods to sterilize natural popu-
lations has been suggested (Alphey, 2002), but there
are serious concerns as to the practicability of this
approach. Any transgenic strain for use in the SIT will
need to fulfill a minimum set of quality control para-
meters during mass rearing in order to maintain strain
integrity and be suitable for economic mass rearing.
This may require the development of specific rearing
systems as was developed for genetic sexing strains
based on classical genetics (Fisher and Caceres, 2000).
It is considered very likely that the SIT will provide the
first opportunity to use transgenic insects in any sort of
field application, as there will be no vertical trans-
mission of the transgene.
4.1.1. Mass rearing and strain stability
The SIT is based on the large-scale production of

good quality insects for sterilization and release. The
mass rearing process to produce the insects is on an
industrial scale and requires that any special genetic
strain, developed either using classical genetics of trans-
genesis, must be robust enough to maintain its integrity
during long-term rearing under these conditions
(Franz, 2002). The two associated factors modulating
strain stability are numbers of insects reared and selec-
tive pressure. The high numbers of insects reared on a
continuous basis provides the opportunity for
extremely rare genetic/molecular events to occur and
the highly selective rearing conditions will ensure that
any new variant with even a small net gain in fitness
Table 1

Successful germ-line transformation in pests insects
Common name F
amily or superfamily S
pecies transformed E
lement R
eferences
Fruit flies T
ephritidae C
eratitis capitata M
inos L
oukeris et al. (1995)
C
eratitis capitata p
iggyBac H
andler et al. (1998)
C
eratitis capitata H
ermes M
ichel et al. (2001)
B
actrocera dorsalis p
iggyBac H
andler and McCombs (2000)
A
nastrepha suspensa p
iggyBac H
andler and Harrell (2001)
Houseflies M
uscidae M
usca domestica p
iggyBac H
ediger et al. (2001)
M
usca domestica M
os1 Y
oshiyama et al. (2000)
S
tomoxys calcitrans H
ermes O
’Brochta et al. (2000)
Blowflies C
alliphoridae L
ucilia cuprina p
iggyBac H
einrich et al. (2002)
Mosquitoes C
ulicidae A
edes aegypti H
ermes J
asinskiene et al. (1998)
A
edes aegypti M
os1 C
oates et al. (1998)
A
edes aegypti p
iggyBac L
obo et al. (2002)
A
nopheles gambiae p
iggyBac G
rossman et al. (2001)
A
nopheles stephensi M
inos C
atteruccia et al. (2000)
A
nopheles stephensi p
iggyBac I
to et al. (2002)
A
nopheles albimanus p
iggyBac P
erera et al. (2002)
C
ulex quinquefasciatus H
ermes A
llen et al. (2001)
Sawflies H
ymenoptera A
thalia rosae p
iggyBac S
umitani et al. (2003)
Silkworm B
ombycidae B
ombyx mori p
iggybac T
amura et al. (2000)
Gelechiid moths G
elechiidae P
ectinophora gossypiella p
iggyBac P
eloquin et al. (2000)
Darkling beetles T
enebrionidae T
ribolium castaneum p
iggyBac B
erghammer et al. (1999)
T
ribolium castaneum H
ermes B
erghammer et al. (1999)
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will be rapidly selected. This type of random process
can rapidly destroy the specific characteristic of the
strain for which it was developed. There is currently no
data available as to how any transgenic strains will
respond to this type of rearing and it is certainly poss-
ible that each strain will respond differently once
exposed to this situation. Unfortunately the process
cannot be simulated in a typical laboratory and conclu-
sions about the usefulness of a specific strain can only
be obtained a posteriori, a very expensive and long-
term process. Assuming that molecular stability can be
managed then the overall productivity of the strain in
the facility becomes an issue. Strains that are debili-
tated in any way will present problems for the pro-
gramme and will probably not be useful. The transfer
of any strain from the laboratory environment to the
real world of operational SIT is an unpredictable but
essential process.
4.1.2. Molecular vs. radiation induced sterility
Radiation is now the method of choice for sterilizing

insects for release in an SIT programme but there are
now several experimental molecular systems that have
been tested in Drosophila (Thomas et al., 2000; Hein-
rich and Scott, 2000). The motivation for developing
these strains is the commonly held perception that radi-
ation is the major cause of reduced effectiveness of the
released insects in the field (Alphey and Andreasen,
2002; Alphey, 2002). However, the final competitive-
ness of the insect in the field is due to the accumulation
of many effects, both genetic and environmental, that
occur during the implementation of a field release pro-
gramme with radiation being only a minor concern. At
the genetic level, the vast majority of insects go
through a severe bottleneck during initial colonisation
which leads to a drastic reduction in overall genetic
heterogeneity. This together with the extremely harsh
selection pressure inherent in any mass rearing system
undoubtedly leads to a reduction in the field fitness of
the insect (Cayol, 2000). This means that during the life
of a program there will be a gradual and unavoidable
reduction in fly quality. Furthermore, every cohort of
flies that is destined for release, as well being radiated,
has to be marked with a dye, allowed to emerge, chil-
led and transported to the field and then released from
an aircraft. This is a fairly rigorous set of procedures
and together they will certainly impact negatively on
field fitness. Replacing radiation with molecular ster-
ility can only address one of these issues.
If a small increase in fitness can be confirmed when

radiation is replaced by molecular sterilization then it
has to rigorously demonstrated that the sterilizing
effect of the alternative is as reliable as radiation obvi-
ously is in inducing sterility in large heterogeneous field
populations. There are very serious problems associa-
ted with molecular sterility on this issue. Molecular
sterility, in a similar way to radiation induced sterility,
is based on the expression of ‘‘dominant lethality’’ in
the zygote produced following mating of the sterile
male with the field female. However, there is a critical
difference between the two systems that is based on the
concept of redundancy and the fact that radiation
induced sterility is chromosome based, whereas mol-
ecular sterility is gene based. Molecular sterility relies
on the expression of a single, identical dominant lethal
gene in all the zygotes fertilized by the released male.
Any variation in the interaction of the paternal and
maternal genomes that leads to a suppression of gene
expression will ensure that normal development of the
zygote proceeds. This new variant will immediately be
selected in the field population and the sterilizing effect
of the released males will rapidly disappear. It may be
suggested that putting several different molecular con-
structs into a strain will solve the problem (Schliekel-
man and Gould, 2000b) but this increase in complexity
may bring with it other concerns. The situation with
radiation is quite different in that following radiation
every male insect carries in its sperm, a unique collec-
tion of many chromosomal rearrangements that can
each act independently to cause the death of a zygote
and hence sterility in the fertilized females. It is imposs-
ible for the field population to develop any sort of
resistance to this type of lethality induction exhibiting
this level of redundancy.
5. Disease control through engineering

refractoriness

A major focus of insect transformation is the gener-
ation of mosquitoes that are refractory to the trans-
mission of pathogens. The primary disease target has
been malaria, due to both its medical and economic
impact on developing countries in Africa, South Asia
and South and Central America, although vector-based
strategies and techniques developed for control of
malaria can, in principle, be applied to other mosquito-
borne diseases, such as dengue, and the wide range of
viral encephalitis they transmit. The impetus for devel-
oping refractory mosquitoes came from the observation
that refractoriness, which occurs naturally in the field,
was under genetic control and could be successfully
selected in laboratory strains of Anopheles gambiae
(Collins et al., 1996). These mosquitoes were found to
have an increased ability to encapsulate Plasmodium
protozoa as they emerged from the epithelial midgut
into the hemocoel and attention was focused on the
immune system of the mosquito as a source of genes
that could potentially be used to introduce artificial
refractoriness into transgenic mosquitoes. Since then,
several different aspects of the innate immune system of
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mosquitoes have been explored as sources for genes
that could confer resistance to pathogen transmission.
Essential to the success of these studies is identifying
promoters that allow expression of the immune
response gene at the time that the pathogen is present
in the female mosquito. Thus the vitellogenin gene pro-
moter, which is expressed in response to a blood meal
and promoters from gene expressed in the midgut have
been used to drive the expression of immune response
genes in transgenic mosquitoes (Kokoza et al., 2000).
The expression profile of immune response genes in
transgenic mosquitoes is important for two reasons.
First it localizes expression of the transgene to the
tissues encountered by the pathogen at a time when
only the pathogen is likely to be present (after a blood
meal in the case of female mosquitoes). Second, by
confining expression of the transgene to these tissues,
at a defined time, any negative effects that transgene
expression might have on fitness will, in theory, be
reduced.
The first practical demonstration that a gene intro-

duced into a mosquito could result in a decrease in the
ability of the mosquito to transmit a pathogen was,
however, achieved when a Sindbis virus containing the
antisense gene for the dengue virus coat protein was
found to lead to a marked decrease in the presence of
dengue viral particles in infected Aedes aegypti mos-
quitoes (Olson et al., 1996). These mosquitoes were not
transgenic and so the ability of the transgene present in
the genetically engineered virus to reduce dengue virus
transmission in subsequent generations could not be
determined. The development of transposable element-
mediated insect transgenesis systems for mosquitoes led
to the generation of mosquitoes that contained some of
the chimeric immune response genes described above,
although as yet most effector genes remain untested in
transgenic mosquitoes, due in part to both the small
number of laboratories in which mosquito transgenesis
is performed and the technical difficulty of this tech-
nique. The defensin gene from Ae. aegypti, placed
under the control of the vitellogenin promoter from
this species, was re-introduced into Ae. aegypti using
the Hermes transposable element (Kokoza et al., 2000).
The mid-gut specific carboxypeptidase promoter has
been used to drive expression of the SM1 synthetic
polypeptide in transgenic lines of Anopheles stephensi
(Ito et al., 2002). This synthetic small peptide binds to
the midgut and salivary glands and blocks transmission
of Plasmodium berghei, the pathogen of rodent malaria,
in these transgenic lines. When the same promoter was
used to drive the expression of bee venom phospho-
lipase, which inhibits oocyst formation in the blood
meal, a reduction of P. bergei was observed in trans-
genic lines of An. stephensi (Moreira et al., 2000).
Attacking Plasmodium in the midgut, or at the midgut/
hemocoel boundary, has been a favored site of trans-
gene expression since it is in these tissues that the num-
bers of the parasite are at their lowest and so represent
perhaps its most vulnerable stage in the mosquito.
Strategies aimed at expressing transgenes in the sali-
vary glands of mosquitoes are also under development
and, at least using viral-based expression systems, a
single chain antibody targeted to the circumsporozoite
surface protein led to a significant reduction in the
number of P. gallinaceum sporozooites in Ae. aegypti
infected with the transgenic virus (Capurro et al.,
2000). Transgenic mosquitoes containing the corre-
sponding transgene placed in a transposable element
are yet to be tested for their ability to prevent trans-
mission of the parasite.
The publication of the An. gambiae genome sequence

and subsequent analysis by homology-based search
programs identified a total of 242 genes from 18 gene
families that are potentially involved in the immune
response in this mosquito (Christophides et al., 2002).
The use of functional genomics technologies, such as
microchip analysis, will identify which of these are
transcriptionally regulated in response to challenge by
parasite infection and, inevitably, many will be tested
for their ability to confer refractoriness on transgenic
mosquitoes. The immune response is only one source
of genes that could be engineered to prevent the trans-
mission of pathogens through female mosquitoes fol-
lowing the uptake of a blood meal. Other types of
genes, such as those that encode peptides that reduce
or eliminate the ability of the pathogen to bind to cell
surface receptors present on midgut cell, hemocytes or
salivary gland cells, or those that can be modified to
directly attack the parasite, would also be predicted to
be uncovered using the genomic tools now available for
this important mosquito species.
Within the confines of the laboratory and the insec-

tary, the development of mosquitoes genetically altered
to be refractory to the transmission of Plasmodium spe-
cies remains the most elegant and advanced use of
transgenesis in non-drosophilid insects. As a laboratory
tool, transposable element mediated transgenesis is
thus proving to be a key technology. There are, how-
ever, still limitations to this technology that must be
overcome and, as mentioned above, even with the
modest number of effector genes now available for test-
ing in mosquitoes, the ability to routinely transform
mosquitoes still remains a significant impediment with
transformation frequencies only in the order of 10% in
two species of mosquito, Ae. aegypti and An. stephensi.
Ae. aegypti, the significant vector of yellow fever and
dengue, is not a vector of human malaria but is used as
a model for its human counterpart because it does
transmit avian malaria and because its eggs are easy to
microinject and handle in the laboratory. An. stephensi
is a vector of both human and rodent malaria and is
also favored in the laboratory due to the relative ease
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with which its eggs can be handled and microinjected.
An. gambiae, the major vector of human malaria, has
been genetically transformed using the piggyBac trans-
posable element, however transformation frequencies
are not high, due in part to the difficulty in handling
these embryos. This remains a significant reason why
transgenic technology has yet to be widely adopted for
this critical species. Mosquito transformation vectors
that lead to high rates of transformation of this species
still need to be developed if the full power of transgenic
technology is to be successfully applied to this key vec-
tor of human malaria.
6. Regulatory issues

From both practical and regulatory standpoints,
there are two broad strategies for the release of trans-
genic insects. One involves the use of the SIT in which
the genetically engineered strain is sterilized (typically
by irradiation) prior to release. An inundative release
of these insects ensues, and the populations of the pest
in the field are reduced and then eliminated.. Since the
genetically engineered strain is sterile, there is no verti-
cal transmission of the transgene to the field popu-
lation. There remains however the rare, and essentially
uncharacterized events related to horizontal transfer.
For SIT to be successful, genetically engineered, ster-
ilized insects must be able to successfully find and mate
with individuals of the wild-type, target population.
Given that irradiation leads to a small decrease in mat-
ing competitiveness, it is important that any genetic
engineering performed on these release strains does not
further compromise their ability to survive and mate in
the field. The fact that sterilization renders these insects
incapable of passing their genes on to successive gen-
erations, combined with the high levels of quality con-
trol required for the production of sterile insects in SIT
programs, means that it is likely that it is through SIT
programs that genetically engineered pest insect strains
will make their first appearance in the field.
Genetic alternatives that result in sterilization with-

out irradiation have been proposed, and have shown
promise in small studies in the D. melanogaster
(Thomas et al., 2000; Heinrich and Scott, 2000). As yet
none of this type of technology has been transferred to
pest insects. To be successful in the field, these genes
and promoters must function correctly in the target
insect pest species and any genetic leakiness must be
eliminated if these genetic strategies are to compete
with radiation-based sterilization techniques. Further-
more, regulatory agencies will most likely demand that
these genetic systems be stable so that the desired level
of genetic death can be predicted and delivered to the
population over the course of the pest control pro-
gram. These are tall orders for a nascent technology,
but may be achievable.
The spread of beneficial genes through target popu-

lations presents the greatest regulatory challenge for
the use of transgenic insects. The technology, if it is to
be successful, is based on the ability of the vector asso-
ciated with the transgene to spread through the target
pest population for many generations following the
release of the transgenic strain. The strategy thus
requires that any negative fitness costs arising from
transgenesis be small enough not to compromise gene
spreading. It also requires complete linkage of the
transgene and the vector and stable and reliable
expression of the transgene through time and space.
Thus, far from the transgenic system being contained,
it is designed to spread, and to do so quickly, so that
the transmission of the target human disease can be
decreased as soon as possible following release. The
design of this system thus places it at odds with other
transgenic technologies that are designed to be con-
tained, either for regulatory or commercial reasons, or
both.
A recent report by the United States National

Research Council examined the risks arising from the
development of transgenic technology in animals
(National Research Council, 2002). Based on the likeli-
hood of transgenic animals to become feral, their likeli-
hood of escape from containment, their mobility and
the likelihood of their being unforeseen effects on eco-
systems, they ranked transgenic insects and transgenic
fish as being those animals in which transgenesis car-
ried with it the greatest risks. Yet, as we have dis-
cussed, strategies that seek to generate transgenic
mosquitoes that spread beneficial transgenes through
populations actually capitalize on many of these
properties. We wish them to be able to survive and
reproduce in the wild and we aim to have both the
insects and their transgenes disperse through a popu-
lation.
Does this mean that those that develop transgenic

insects for beneficial medical and agricultural purposes
and those who oppose transgenesis are likely to make
transgenic insects the next battlefield for the ongoing
debate about the application of biotechnology for
human welfare? Clearly there are many unknowns to
be addressed, yet many of these are measurable using
existing technologies. The cost of transgenesis on the
fitness of transgenic insects can be measured using a
range of life table parameters. The ability of transpos-
able elements to transpose in insect species into which
they have been introduced can be measured, and data
for the behavior of Hermes, mariner and piggyBac in
transgenic lines of Ae. aegypti now exists (O’Brochta
et al., 2003). Factors that influence transposable
element behavior in insects can also be measured and
host proteins that interact with these elements ident-
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ified. Thus experimental data increasing our ability to
predict the behavior of transgenic insects can be gath-
ered and the examination of these data will be critical
in developing protocols for the release of transgenic
insects, be they for SIT programs or for programs in
which the aim is to spread a beneficial gene through a
pest insect population. If it can be demonstrated,
through experiment and trial, that insect strains can be
successfully developed that do prevent the spread of
insect-borne human disease, then the argument can be
advanced that these technologies are no different to a
therapeutic recombinant-derived drug or vaccine,
except that they do not need to be introduced into
humans. As such, given the severity and prevalence of
insect-borne human disease, the argument may well
become why these new technologies should not be
applied to the betterment of human welfare.
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