
an estimated 1.6 million people in Brazil 
last year. The researchers plan to release 
mosquitoes in waves, survey the insects 
for infection and track the incidence of 
disease in areas with and without infected 
mosquitoes.

Other scientists are also testing Wolbachia 
to control mosquitoes. In Singapore, 
officials plan to release male A. aegypti mos-
quitoes infected with a strain of Wolbachia 
that renders their offspring infertile. A US 
biotechnology company is seeking approval 
to use a similar approach to combat related 
Asian tiger mosquitoes (Aedes albopictus), 
which carry dengue and chikungunya. In 
Guangzhou, China, scientists are releas-
ing A. albopictus mosquitoes infected with 
Wolbachia each week, in large-scale field 
trials. And researchers in French Polynesia 
are trying the same strategy on another 
species of tiger mosquito.

MORE EVIDENCE NEEDED
Wolbachia has an impressive ability to 
surge through wild mosquito populations, 
says McCall, but proving that this limits 
human infections will be critical before the 
approach can find widespread use. If Wol-
bachia is to make a dent in mosquito-borne 
diseases, the technique will also have to be 
cost-effective and long-lasting, he adds. “If 
it works, it will be truly remarkable, but it 
has to still be working in ten years.”

Another hurdle facing the tests in Rio 
de Janeiro and Medellín is the size of the 
cities — especially Rio, with its densely 
populated and hard-to-access favelas, says 
McCall. But if Wolbachia can combat Zika, 
dengue and chikungunya in such environ-
ments, “there is a very strong case for doing 
it for a range of other large cities”, says Mike 
Turner, acting director of science at the 
Wellcome Trust. Widespread deployment 
of Wolbachia-infected mosquitoes would 
probably also depend on endorsement from 
the World Health Organization, he adds.

Public support could make or break the 
Wolbachia approach, says O’Neill, whose 
team spent years engaging with communi-
ties in Australia before deploying mosqui-
toes there. Wolbachia is already widespread 
among insects and it cannot infect humans, 
he notes. In Australia, researchers recruited 
schoolchildren, whom they dubbed Wol-
bachia warriors, to rear the eggs at home, 
learn about their development and then 
release the mosquitoes.

In Colombia, the Eliminate Dengue 
team has worked with “Casa Wolbachia” 
families to help with the release of mos-
quitoes, and even written salsa songs about 
the bacteria, says co-principal investigator 
Jorge Osorio, a pathobiologist at the Uni-
versity of Wisconsin–Madison. “We have 
communities asking us to spread more 
mosquitoes,” he says. ■

Q&A Joshua Gordon
Psychiatry needs 
more mathematics
The US National Institute of Mental Health (NIMH) has a new director. On 12 September, 
psychiatrist Joshua Gordon took the reins at the institute, which has a budget of US$1.5 billion. 
He previously researched how genes predispose people to psychiatric illnesses by acting on neural 
circuits, at Columbia University in New York City. His predecessor, Thomas Insel, left the NIMH 
to join Verily Life Sciences, a start-up owned by Google’s parent company Alphabet, in 2015. 
Gordon says that his priorities at the NIMH will include “low-hanging clinical fruit, neural 
circuits and mathematics — lots of mathematics”, and explains to Nature what that means.

What do you plan to achieve in your first year?
I won’t be doing anything radical. I am just 
going to listen to and learn from all the stake-
holders — the scientific community, the 
public, consumer advocacy groups and other 
government offices.  But I can say two general 
things. 

In the past 20 years, my two predecessors, 
Steve Hyman [now director of the Stanley 
Center for Psychiatric Research at the Broad 
Institute in Cambridge, Massachusetts] and 
Tom Insel, embedded into the NIMH the idea 
that psychiatric disorders are disorders of the 
brain, and to make progress in treating them 
we really have to understand the brain. I will 
absolutely continue this legacy. This does not 
mean we are ignoring the important roles of 
the environment and social interactions in 
mental health — we know they have a funda-
mental impact. But that impact is on the brain. 

Second, I will be thinking about how NIMH 
research can be structured to give payouts in 
the short, medium and long terms.

How has neuroscience changed since you 
completed your medical residency in 2001?
The advent of incredibly powerful tools to 
observe and alter activity in a subset of neu-
rons, such as optogenetics, has been transfor-
mational. It is allowing us to get at questions 
of how neural circuits produce behaviour — a 
research approach that may soon generate new 
treatments for psychiatric disorders.

Which of the recent NIMH programmes do you 
find particularly exciting?
One is the Human Connectome Project. The 
project has scanned the brains of more than 
1,000 healthy people to generate individual 
maps of their neural circuitry, the ‘wiring’ in 
their brains that accounts for their particular 
personalities. At the NIMH, we have created 
standardized databases, designed by the sci-
entific community, to store this information. 
The Human Connectome Project is going 
to be a tremendous resource for the field — 
maybe not quite as impactful as the Human 
Genome Project, but on that scale, I think. 

A clinical programme that deserves as 
much attention, but perhaps doesn’t get it, is 
the Coordinated Specialty Care project for 
individuals facing their first psychotic epi-
sode. Some small studies have shown that 
coordinating different clinical and social-
support programmes helps individuals to 
cope better.

Is this an example of ‘low-hanging fruit’?
Yes. We are now looking for similarly signifi-
cant clinical problems where good, evidence-
based interventions exist but are not widely 
adopted. For example, we have a range of 
screening tools that we think can help reduce 
the suicide rate, which has been rising in the 
United States. It could be advantageous to 
incorporate universal suicidality screening as 
a matter of routine into all emergency rooms. 
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What about medium-term payouts?
Neural circuits could be delivering treatments 
in 10 or 15 years. We don’t yet know exactly 
which circuits we would want to modify to 
treat psychiatric disorders in humans. But now 
is the time to start thinking about which tools 
we are going to need to make this translational 
step possible, and invest in them.

Most work on neural circuits has been done 
in genetically modified mice, where it is rela-
tively easy to control the activity of a few very 
specific cells in a particular brain area using 
tools such as optogenetics. We’ll need safe 
methods for humans. Should we be thinking 
in terms of viruses that can be directed to, and 
change activity in, specific neurons? Or should 
we be thinking of ways to stimulate or inhibit 
these cells indirectly, using transcranial mag-
netic stimulation or deep-brain stimulation,?  

And the long term?
The really transformative treatments that are 
going to change mental-health care in the long 
term will depend on us learning how the brain 
works as a whole. We are all tempted to reduce 
the huge complexity of the brain into under-
standable chunks. But to appreciate and exploit 
that complexity, we will need to be able to inte-
grate everything we know, from molecular 
biology to behaviour, into our models of how 
the brain works. That requires serious math. 

How does the structure of a neuron affect 
its integration into a circuit? How does that 
circuit affect the neural system that it fits into? 
How does the dynamic activity in these neural 
systems drive behaviour? Fully characterizing 
each of these levels and then integrating them 
across scales requires a level of mathematical 
rigour that most of us, including myself, have 
not really brought to bear on the problem.

Isn’t the mathematics going to get very 
difficult for neuroscientists?
It’s not so difficult — I’m not saying that we 
are going to need string theorists! It’s just 
a question of appropriate training in math 
for students. In the future, I hope that every 
experimentalist will also be a theoretician. 
But at this stage we need to encourage experi-
mental neurobiologists to form long-term 
interdisciplinary collaborations with theo-
reticians, mathematicians or physicists. We 
need to inject more math into every level of the 
NIMH portfolio. Math can also have a short-
term impact in psychiatry for things such as 
predicting individual responses to drugs and 
improving precision medicine more generally.

Are non-human primates still necessary in 
neuroscience research?
Most of our knowledge about the brain has 
been gained in mice. It is hard for me to believe 

that we’ll really be able to translate the knowl-
edge that we have won in mice into the design 
of new treatments for humans without going 
through an intermediate species with an elabo-
rated prefrontal cortex and a large brain. So 
unfortunately, yes, I think we do still need to 
use non-human primates. We need to do so 
judiciously, though — the welfare of animals 
is fundamental, and we need to minimize the 
numbers of all of the animals that we use. 

In a move to a circuits-based approach, the 
NIMH introduced the Research Domain 
Criteria (RDoC), which encourages clinical 
researchers to investigate specific behaviours 
rather than broad diagnoses. It is widely 
disliked — will you be maintaining it?
Clinical neuroscience has typically tried to 
identify the neurobiology that underlies diag-
noses [such as depression]. That hasn’t got 
us very far. Maybe if we instead try to under-
stand the neurobiology underlying the various 
domains of behaviour [such as apathy], we’ll 
get better insight. I see RDoC as something 
potentially very valuable, something I am 
likely to keep — although it may need a few 
tweaks to extract the most value out of it. ■

I N T E R V I E W  B Y  A L I S O N  A B B O T T
This interview has been edited for length and clarity. 
See go.nature.com/2f88hif for a longer version.
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