The race to extinguish insect pests by enlisting their
own kind
The unheralded success of a massive operation to control the insidious screwworm offers
lessons learned and cautionary tales for mosquitoes and other insect scourges.
John Carey, Science Writer

On a Friday in the fall of 2016, John Welch got an
email he’d been dreading—a picture of a mystery insect sent from the Florida Keys. “I knew immediately
what it was—and that it was bad,” the United States
Department of Agriculture (USDA) entomologist says.
He immediately hopped on a plane to Florida. There
he found dozens and dozens of endangered Key deer
dead or staggering around blind with the tops of their
heads or eyes eaten away or terrible wounds on their
bodies. “It was horrific,” Welch recalls.
And the clues suggested a threat to far more than
just deer. The culprit was screwworm, a fly that lays its
eggs in open wounds or in moist areas like eyes and
noses of warm-blooded mammals, from dogs to
people. When the eggs hatch, the larvae start dining.
Without aggressive immediate treatment, “it’s pretty
much a death sentence, being eaten alive by the maggots,” says Welch.
The stakes were high. In the past, screwworm had
devastated the livestock industry all across the US
South before the pest was eradicated. Now it was
back. Could science win the battle again?
The fight had further implications for battles
against a host of destructive and disease-carrying
insect pests—mosquitoes in particular. Such fights
are likely to intensify. In May 2018, the Centers for
Disease Control and Prevention reported that between 2004 and 2016 the number of reported cases
of illnesses caused by mosquito, tick, and flea bites
tripled in the United States, to more than 640,000; in
the same time period, nine new germs spread by mosquitoes and ticks were discovered or introduced into
the United States (1).
Inspired by the success of the decades-old
screwworm-control effort and buoyed by a variety of
new biotechnologies, researchers in dozens of academic and company labs are working to conscript the
bugs themselves as weapons against their own kind.
The idea: tinker with genes or parasites to create
insects that carry a lethal cargo to their wild counterparts or that cripple the ability to transmit disease.
Field trials in South America and the Cayman
Islands of a transgenic Aedes aegypti mosquito

Screwworm larvae use sharp mandibles to eat away at the living tissue of their
animal hosts. The results can be devastating for livestock and wildlife. But
decades-long international control efforts by the USDA and other agencies have
helped keep the damaging bugs in check. Image courtesy of ScienceSource/
Philippe Psaila.

created by a British company called Oxitec, for example, show that wild populations of the denguecarrying bug can be almost completely wiped out if
enough gene-altered bugs are let loose. Another
company, MosquitoMate, is rearing hundreds of thousands of mosquitoes infected with a bacterial parasite,
Wolbachia; the company is looking for similar effects,
with trials in California and Florida. A gene-engineered
version of the crop-destroying diamondback moth has
been successfully tested in the field. And researchers
are experimenting with gene alterations that don’t just
kill insects or slow disease transmission but that also
spread through wild populations via gene drive, eliminating the need to keep releasing millions of bugs (see
Sidebar). “Pretty amazing progress has been made in
last 20 years,” says entomologist Maxwell Scott at
North Carolina State University.
Yet harnessing the power of genetically modified
bugs also requires navigating the thorny waters of
politics and regulation, just as the screwworm research
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In October 2016, USDA researchers Steven Skoda, Pamela Phillips, and John Welch (left to right) initiated sterile
screwworm fly release in the Florida Keys to stem a screwworm outbreak. Their efforts were successful, staving off a
much larger and more costly infestation. Image courtesy of ref. 13.

has done. Getting approval to use transgenic bugs
can take years and millions of dollars, and field trials
have been delayed or derailed by public fears. “The
prospects for the technology depend more on the
regulatory and political sphere than on the science,”
says Luke Alphey, Oxitec’s founder, now Group
Leader at The Pirbright Institute.

Ground Beef and Blood
In part, that’s why the screwworm saga remains relevant. “It’s a shining example of what’s possible,” says
Stephen Dobson, professor of medical and veterinary
entomology at the University of Kentucky.
The tale begins in the 1930s, when a young USDA
entomologist named Edward Knipling had “a crazy idea,”
says USDA researcher Pamela Phillips. “He thought it
might be possible to rear an insect that ultimately would
be the cause of the elimination of the species.”
Knipling knew from the groundbreaking work of
geneticist Hermann Muller that bombarding Drosophila
fruit flies with X-rays mutates genes and makes the
flies sterile. When the sterile flies mate with normal
bugs, the offspring die.
In the first major test, a USDA team released millions of irradiated flies from airplanes on the island of
Curaçao starting in 1953. The results were “remarkable,” wrote USDA’s Alfred H. Baumhover (2). “No
further screwworms were seen on Curaçao until 1971,
17 years after eradication.” Over the course of the
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next 40 years, more successes followed, in Texas and
then down through Central America. “It’s one of
USDA’s major achievements,” says Scott. “It amazes
me how few people know about it.”
The victory came despite the public fears over radiation, a relatively high price tag, and the need for
complex international diplomacy. In Florida, the bill
was about $4.2 million—a lot of money then. But as
Governor LeRoy Collins told Knipling, it saved Florida
livestock growers an estimated $40 million in annual
losses. The subsequent move into Central America
took years of high-level negotiations, given the need
to forge treaties with each country.
The USDA and its partners continue to spend millions of dollars a year keeping the screwworm from
moving north from South America through a narrow
barrier zone in Panama. Every week, they drop
15 million sterile screwworm flies from an airplane. On
the ground, they constantly patrol the zone for any
sign of migrating insects.
So when the screwworm suddenly reappeared in
the Florida Keys, Welch and his USDA colleagues
knew what to do. First, they put out plates of rotting
liver—totally irresistible to pregnant flies—and discovered that the insect had already spread to 13 Keys.
The team flew in millions of irradiated screwworm
pupae packed in ice chests from the Panamanian facility that rears them and, starting in mid-October, released them from chambers hung from trees.
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It worked. By January, the plates of rotten liver had
no takers, proving again that an insect can be harnessed to wipe out its own species. “From an environmental point of view, it’s hard to think of a lowerimpact control method,” says Alphey.
Sterilization with radiation, followed by massive
release, also has worked for insect pests such as fruit
flies, pink bollworm, and tsetse flies—but not for most
others. Irradiating mosquitoes, for instance, produces
bugs that are far too weak to fly around and mate.
That’s why researchers are increasingly looking to
genetic tools to produce similar control effects—
although the costs and the risks of these emerging
approaches continue to spur debate.

Lethal Protein
Oxitec, now owned by Maryland-based Intrexon, has
been at the forefront of the research—and the public
disputes. In the late 1990s, geneticist Luke Alphey at
Oxford University (and, working independently, Scott,
then at Massey University in New Zealand) tried
splicing in a gene that would be lethal to any insect in
which it was active but which could also be switched
on and off. The gene they selected is part of the
mechanism bacteria evolved to resist the antibiotic
tetracycline. Tetracycline turns the gene’s lethal effect
off by binding to the protein made by the gene.
Working first in Drosophila, Alphey and Scott
showed that the gene-altered flies happily mate and
pass on the gene from generation to generation if fed
tetracycline. But without the antibiotic, the insects
quickly succumb to the toxic protein. To track his bugs
in the field, Alphey also slipped in a gene for a fluorescent protein, so that the bugs that inherited the
modifications would glow a telltale red color (3).
Alphey founded Oxitec in 2002, at first focusing
mainly on agricultural pests with transgenic versions of
bugs such as the diamondback moth and the olive fly,
with a side project on mosquitoes.
Their first field test of the gene-spliced mosquitoes
was in the Cayman Islands in 2009 (4). The team released the males, put out traps to attract egg-laying
wild females, then waited anxiously for the eggs to
hatch. When the larvae finally wriggled out, eureka,
they had the fluorescent maker. “That was a really big
day,” Alphey recalls.
Oxitec has since further tested the transgenic A.
aegypti mosquitoes in the Cayman Islands, Brazil, and
Panama. In each case, the method slashed the numbers of the wild bugs in the study areas by 90% or
more after 4 to 6 months of releases. That offers a
major improvement over current A. aegypti-battling
methods—including larvicides and traps—that struggle to achieve 50% control.

Waves of Opposition
Those numbers seemed promising to the Florida Keys
Mosquito Control District back in 2012. A. aegypti had
already caused 93 causes of dengue in 2009 and
2010 in the Florida Keys, and a new threat, Zika, was
looming. So the agency began planning an Oxitec
trial in Key Haven, a community on Raccoon Key. “This
Carey

A. aegypti mosquitoes, which carry dengue, yellow
fever, and other deadly diseases, are the target of
multiple experimental control efforts. Some approaches
use transgenic mosquitoes to kill those in the wider
population, and others aim to co-opt the parasitic
bacterium Wolbachia, which kills mosquito eggs. Image
courtesy of CDC/Frank Hadley Collins and James
Gathany.

district works hard to find the best technology,”
explained then-agency head Michael Doyle at a 2014
public hearing.

“People were saying things that made no biological
sense.”
—Anthony Shelton
But the trial ran into public opposition. At public
hearings, Key Haven residents stood up to express
their fears of being “experimented on”; being bitten
by gene-spliced bugs; new, artificial genes entering
the food chain; and spreading herpes simplex because of tiny bits of the viral DNA used as a gene
regulator. “People were saying things that made no
biological sense,” says Cornell University entomologist Anthony Shelton. Researchers pointed out that
the chances of being bitten were miniscule, for instance, because more than 1,000 males would be released for every female that slipped through the sex
separation step, and only females bite. Plus, the genetic modifications were lethal to the insects, so the
genes couldn’t spread. Nevertheless, residents insisted on a public referendum, and the trial went down to
a final defeat in November of 2016.
Shelton saw similar opposition and regulatory
hurdles firsthand. His own small field trial in upstate
New York of Oxitec’s transgenic diamondback moths,
aimed only at determining if engineered males would
behave similarly to wild males, took 4 years to get
approval. And gene-spliced olive fruit flies, a serious
pest that growers spend thousands of dollars each
year to control with chemicals, are still languishing on
the shelf at Oxitec. “The olive fly was fantastic in lab
assays,” says Alphey, who no longer has any financial
interest in Oxitec. “The problem is that the main olive
growing areas are in Europe—and Europe is not very
permissive for the use of genetic technology.” Oxitec
is hopeful, though, that they will be able to move
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ahead with a mosquito trial elsewhere in the Keys,
once they get approval from the Environmental
Protection Agency.

Stab with a Needle
As it turns out, there is an alternative method that
eschews gene tinkering. In 1967, a German researcher
discovered that when German mosquitoes in the genus Culex mate with a Burmese strain, the eggs don’t
hatch. No one knew why, but it was clearly worth exploring, because Culex mosquitoes carry West Nile
virus and the parasite that causes elephantiasis. “It
fascinated me ever since I read about it in graduate
school,” says Dobson.
Later work revealed that the sterility in the Culex
mosquitoes was caused by a parasitic bacterium
called Wolbachia. When a male with one strain of
Wolbachia mates with a female with another strain

“Our limitation is primarily regulatory. There is no
shortage of abatement districts that are interested.”
—Stephen Dobson
(or none at all), the eggs die by a still-unknown
mechanism (5).
After several years, Dobson mastered injecting
Wolbachia into A. aegypti eggs without killing them.
Then he had to figure out how to get infected mosquitoes to transmit Wolbachia to their offspring.

Gene Drive Shows Promise in the Lab but Remains Risky
In proof-of-principle studies, researchers have demonstrated gene drive’s
pest-eliminating potential. Using concepts first outlined by Austin Burt in
2003 (8), a team led by Anthony James at the University of California,
Irvine, was able to spread a gene for malaria resistance to an entire
population of mosquitoes in the lab (9). Another group of researchers has
demonstrated a gene drive in the lab that could be used to wipe out
populations of a major crop pest, spotted wing Drosophila (10). Still others
are working to engineer mice to resist the bacterium that causes Lyme
disease or to use killer DNA to eradicate screwworm, invasive species, or a
slew of other pests. “The potential is absolutely enormous,” says Luke
Alphey, Group Leader at The Pirbright Institute.
Still, caution is clearly warranted. A 2016 National Academies of Sciences, Engineering, and Medicine report sees both great promise and
great peril, warning that “there is insufficient evidence available at this
time to support the release of gene-drive modified organisms into the
environment” (11). In hopes of better controlling the technology, Kevin
Esvelt, leader of the Sculpting Evolution Group at the Massachusetts Institute of Technology, is pursuing a self-limiting form of gene drive. Esvelt
calls it a daisy chain system. “The CRISPR components are separated and
arranged so that each daisy element drives the next in the chain,” he
writes (12). All the components are needed to pass along the alterations to
succeeding generations, but the last element in the chain is designed not
to “drive.” As a result, the genetic changes disappear after perhaps 50 or
100 generations. Such an approach, he suggests, might safely wipe out
the invasive mammalian predators in New Zealand or eliminate Lyme
disease transmission.
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Eventually it worked well enough to spawn a
company, MosquitoMate, that produces more than
375,000 Wolbachia-infected males per week. And
untainted by the label “genetically modified,” the insects have been successfully tested in the Florida Keys
in 2017 and Fresno, CA, starting in 2016. Now the
goal is to complete the additional tests needed for
registration by the Environmental Protection Agency
as an approved “pesticide” that could be used in all
parts of the United States. The approval process is
expected to take 3–4 years. “Our limitation is primarily
regulatory,” Dobson says. “There is no shortage of
abatement districts that are interested.”

Lethal Blow
So which mosquito-dashing approach is best? Both
can deliver the same lethal blow to wild populations
that the irradiated screwworms do (6). And because
the main current targets for both in the United States
are invasive mosquito species, there are no worries
about eliminating essential ecological functions. Instead the key differences are political, regulatory,
and technical.
Wolbachia-based methods have two drawbacks.
One is that the Wolbachia system can’t be easily
tweaked. In contrast, genetic engineering allows virtually any type of potentially useful DNA to be spliced
in. The second is that researchers can’t allow the release of any females infected with Wolbachia, because
the parasite would then spread through the wild
population, counteracting the effect of the infected
males. That’s why MosquitoMate workers painstakingly manually separate males from females—males
are smaller and have a “bushier” antenna complex—
after the flies are hatched in the production facilities.
“If the Oxitec approach works, great, we need it,” says
Dobson. “If Wolbachia works, great, we need it too.”
Researchers also suggest that, eventually, the fears
of disease may loom far larger than hypothetical concerns about genetic engineering. A major epidemic
could even make the risks of the gene drive approach,
which lets loose genes that can alter an entire wild
species, seem more acceptable (see Sidebar).
In the meantime, much of the research now is aimed
at more practical concerns. “Every technology has some
liabilities and some benefits, but the bottom line is
production costs and getting out into the field,” says
Cornell’s Shelton. MosquitoMate is hoping that machine
vision and automation can take over the costly task of
sorting the bugs into males and females, for example.
Screwworm control, meanwhile, continues to
evolve. After Phillips showed that the insects prefer
cool forests to sunny fields, USDA was able to better
identify where to release sterile flies for the maximum
effect, slashing the numbers required from 40 million
to 15 million per week. Researchers are working on a
cheaper plant-based food to rear the voracious larvae,
with the goal of replacing the current expensive mix of
powdered blood and powdered milk. And North
Carolina State University’s Scott and Carolina Concha
have engineered a transgenic screwworm for the USDA
using the tetracycline-based switch Scott developed,
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making it possible to rear and release males only, thus
cutting the production costs further (7). The first test
release was done in March in Panama, after a lengthy
review process, says Welch.
The bottom line, researchers say, is that both the old
and new technologies are presenting an enormous

opportunity. Given sufficient resources, it’s possible to
eliminate the screwworm entirely—along with its huge
toll on economies as well as animal and human welfare—
from Haiti, Cuba, and South America, says Welch.
“What’s holding us back,” he says, “is economics
and politics.”
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