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» such needles in a haystack. But as the cost
of sequencing drops, firms hope to be able
to get much better at needle-spotting.

Yet another camp of sceptics rejects the
wholeideathatmedicine will ever be truly
personalised. It is unusual for a disease to
be caused by only one or a few genetic de-
fects. Most disorders, such as diabetes and
heart disease, are linked to dozens or possi-
bly hundreds of genes. And those genes af-
fect only an individual’s susceptibility to a
disease. Choices about exercise, diet,
smoking and so on could have a bigger in-
fluence. So Dr Altshuler thinks it unlikely
that scientists will ever be able to predict
disease perfectly, never mind devise truly
personal therapies.

Keep off my genome

Though he has the world’s most advanced
gene-sequencing technology at his finger-
tips, Dr Altshuler refuses to get his own ge-
nome sequenced: “If someone gave it to
me on a cD, I'd refuse to look at the disc.
The information is meaningless.” Bill
Gates agrees. He has not had his genome
sequenced either, nor does he plan to,
though after a moment’s reflection he
adds, “unlessIfind outIhave cancer.”

This last observation suggests that there
is a future for the diagnostic use of whole-
genome sequencing. But first the cost will
have to come down with a bump, from
perhaps $100,000 per scan today to below
$1,000. That could happen in less than a
decade. Until then, the biggest use of geno-
mics is likely to be in drugs discovery.

Big pharmaceutical companies have
watched their innovation pipelines dry up
inrecent years, but rapid advances in geno-
mics now promise to change that. Cancer
is at last beginning to reveal its secrets,
thanks to a technology known as the bio-
marker, which is a genetic indicator differ-
ent from an sNp. Biomarkers reveal such
useful things as the effectiveness of poten-
tial new drugs in individuals or groups, as
well as the likelihood of adverse reactions.
A forthcoming report from the OEcD ar-
gues that genetic biomarkers are emerging
as one of the most effective means of im-
proving the efficiency of drug discovery.

Researchers are now trying to find out
to what extent the efficacy and safety of
many new drugs is influenced by genetic
factors. For example, during trials of an ap-
parently unsuccessful drug for lung cancer
made by AstraZeneca, a British drugs firm,
uUscC’s Dr Agus discovered that the drug
worked well in some of his patients of
Asian descent. Similarly, some people of
African origin seem to respond well to Bi-
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Dil, a heart drug, whereas those of other
ethnic stock do less well on it.

It is surprising, therefore, that the ailing
drugs industry seems indifferent to geno-
mics, except in cancer research. Dr Venter
believes the reason is economic: “Geno-
mics is totally changing the basis of medi-
cal research, but Big Pharma was better off
when we knew less.”

Russ Altman of Stanford University
agrees that the big drugs companies are
dragging their feet on genomics, noting
that the industry’s traditional blockbuster
model with its huge potential market relies
on standard remedies that work for every-
one. That was a plausible strategy when
scientists had few tools to determine the
likely risks and benefits of new drugs, but
given the advances in pharmacogenetics it
isno longer sustainable.

Dr Altman’s team recently published a
study in the New England Journal of Medi-
cine on how to dose warfarin. This drug is
widely used to prevent blood clots that
could lead to strokes or heart attacks, but
the correct dose can vary widely from pa-
tient to patient. Too high a dose can cause a
patient to bleed dangerously, whereas too
low a dose can lead to deadly clots. The
study showed that dosing decisions that
took account of variations in just two spe-
cific genes in addition to factors like age,
weight and race produced far better out-
comes than decisions based only on the
latter traditional factors. Dr Altman thinks
the Vioxx tragedy could have been avoid-
ed with proper genetic screening, but firms
have little incentive to do this.

Now some drugs companies seem will-
ing to plunge into targeted therapies. San-
dra Peterson of Bayer, a German pharma-
ceutical giant, acknowledges that “old-
fashioned blockbusters just aren’t going to
happen any more.” She thinks the way to
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fix the drugs pipelines at big firms is to link
pharmacogenetics with the information
supplied by medical smart grids, moving
towards a model of innovation that is in-
formed, targeted and cheaper.

But Novartis’s Dr Vasella still rejects the
notion of personalised medicine, pointing
out that it would be economic folly for
firms to develop a special pill for every pa-
tient. He accepts that linking individual ge-
netics with specific therapies is the big
challenge for his industry today, but he is
still looking for a suitable business model.

Perhaps a better way of describing how
genomics will change the drugs business
model is mass customisation. The obvious
parallel is clothing, which is rarely tailor-
made but often personalised to reflect an
individual’s needs and choices. Clayton
Christensen of Harvard Business School
offers a useful phrase to describe the point
where pharmacogenetics and personal-
ised medicine meet: “precision medicine”.

Anew Moore’slaw

Purists like Dr Venter sniff that the technol-
ogy for reading sNPs is not good enough
for serious applications like medicine, nev-
er mind how cheap it gets: only reliable
full-genome scans will do. These are much
more expensive because they must cap-
ture information about all 3 billion base
pairs, the genetic “hitters” in the human ge-
nome. The gene chips used to study SNps
today can capture perhapsim.

“I spent ten years searching for just one
gene,” says Dr Venter about his early ca-
reer. “Today anyone can do it in 15 sec-
onds.” The official Human Genome Pro-
ject sequenced a single genome at the cost
of about $4 billion. Dr Venter’s rival project
did the same thing for $100m. The two
competing teams agreed in 2003 that each
of them had independently sequenced a
human genome. Since then the industry
has undergone a technological transfor-
mation. Sequencing equipment has been
improving even faster than microproces-
sor performance, which doubles roughly
every 18 months for the same outlay under
arule dubbed Moore’slaw (see chart 3).

The sequencing technology works by
figuring out the precise sequence of letters
that make up the genetic code of life. The
first generation of sequencing equipment
was thorough but extremely slow and ex-
pensive. George Church of Harvard Uni-
versity, who worked on the original Hu-
man Genome Project and now advises
several genomics firms, compares that
cumbersome old technology to main-
frame computing. Today’s second-genera- M
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» tion technologies, he says, are already as
disruptive as the original personal com-
puters were to mainframes.

The newer sequencing machines bor-
row ideas from silicon-chip manufactur-
ing. One consumer-genomics firm called
Knome (pronounced “know-me”) uses
nimble machines that deposit millions of
tiny dots filled with DN A snippets on a flat
surface, typically glass. The DNA in these
dots can be “read” by molecular machines
to signal the presence of different bna
variants. This process has brought down
prices by a factor of ten every year since its
introduction in 2005.

The next sequencing technologies pro-
mise to read whole genomes quickly and
atareasonable cost, and several rival firms
are already racing to get them to market.
When they do, it will have a profound im-
pact on the economics of health care.

The x Prize Foundation, a charity, is
now offering $10m to the first outfit to se-
quence 100 human genomes in ten days at
a cost of $10,000 or less per genome. Many
teams have signed up, but the most pro-
mising have their eyes on an even more lu-
crative prize: the multi-billion-dollar com-
mercial market for affordable, accurate
sequencing of whole genomes.

One such firm is Pacific Biosciences,
based in Menlo Park, California. It makes
novel use of fluorescent labels that allows
it to read long stretches of bNA fragments,
base by base, quickly and efficiently. Ste-
phen Turner, the firm’s founder and chief
technology officer, is confident that his
firm will soon be able to sequence a com-
plete human genome in under 15 minutes.
He expects its first commercial product
within two years.

Another, more tight-lipped, contender
in the race for cheap full-genome sequenc-
ing is Oxford Nanopore. The British firm is
developing a promising technology which
involves passing genetic material through
a tiny hole in a specially selected protein.
This promises to read DNA directly, with-
out a need for fluorescent labels. This
would be a big breakthrough, but the firm
will not yet say when it will be ready for
commercial use or at what price.

Perhaps the most intriguing of the ri-
vals is Complete Genomics. Its offices in
Mountain View, California, are not far
from the headquarters of Google, and are
modest by comparison, but its business
strategy isno less audacious than that of its
bigneighbour. The firm’s technical innova-
tion involves packing lots of DNA into
great numbers of tiny dense “nanoballs”
which, in turn, are assembled in a highly
efficient way into arrays that resemble mi-
croscope slides. The pNA sequence is
worked out by using fluorescent tags, but
doessoin a way, developed by Dr Church’s
laboratory at Harvard, that is much more
accurate and quicker than the methods
used up to now.

Service with a smile

This process is too complex for the average
customer to handle, an apparent draw-
back thatled to a brilliant commercialidea:
rather than sell the equipment, Complete
Genomics intends to sell a sequencing ser-
vice. Clifford Reid, the chief executive, ex-
plains that his firm’s process can easily be
adapted to huge volumes. By June he will
be able to sequence a complete genome for
under $5,000, and within a year his firm
will have a commercial offering, he says.

A doctor in your pocket
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If whole-genome sequencing can be
done cheaply and accurately, it will be
used much more widely in drug discovery
and clinical practice. The consumer-geno-
mics companies’ controversial promise of
personalisation will at last be put to a
proper test. In time the costs of sequencing
will plunge towards $100 a genome. When
it does, says Dr Altman, sequencing will
become a commodity.

Dr Church even argues that genome se-
quencing “will in effect be available free”
because companies will give away se-
quencing to sell other services, such as ge-
netic interpretation—much as mobile oper-
ators “give away” handsets to get

customers to sign up for lucrative service
plans. And when this happens, he reckons,
“it will be just like the internet: once all this
information is floating around, a lot of cre-
ative people with pcs will nose around
and develop applications.” m

Developing countries are using mobile phones to leapfrog to personalised medicine

AN new technologies help to tackle
the health problems of the world’s
poorest? At first sight, it seems a silly ques-
tion. After all, the public-health systems in
much of sub-Saharan Africa and parts of
Asia and Latin America are rudimentary at
best. With many villages having no clean
water or basic sanitation, let alone reliable
access to clinics and doctors, modern wiz-
ardry like molecular diagnostics and digi-
tal medical records seem irrelevant.
Bill Gates used to be on the side of the

sceptics. Nearly a decade ago, when he
was boss of Microsoft, he delivered a
speech at a conference on technology for
the developing world, inveighing against
the idea that modern technologies like sat-
ellite communications links, solar power
and internet-enabled computers could
magically improve the lives of the poorest.
Did they have any idea, he asked his listen-
ers, what it means to live on less than $1 a
day? “You’re just buying food, you'’re try-
ing to stay alive.”

Last year Mr Gates stepped down from
Microsoft to run his family’s charitable
foundation, which has become the richest
and most influential new voice in global
public health. His decade or so of experi-
ence with the foundation’s work in public
health seems to have changed his mind
about what is good for the developing
world. He now says that “poor people ab-
solutely deserve better technology.”

Sometimes those technical advances
can be incremental. The poor clearly bene- »»
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» fit from technical improvements that cut
the cost of manufacturing medical devices,
make drugs more effective or eliminate the
need for refrigerating vaccines. But there is
also the chance of big breakthroughs that
save many millions of lives. Mr Gates
points to the examples of mass vaccina-
tion and antibiotics. Modern antiretroviral
drugs to treat HIV/AIDS could be added to
that list of breakthroughs, because they
too have improved countless lives in the
poor world. His foundation is now spend-
ing heavily to find new vaccines for HIv/
AIDS and malaria, and encouraging re-
search into cures for antibiotic-resistant
forms of tuberculosis.

Given the risk-averse culture of the
health systems of the rich world, Mr Gates
suggests that some great advances could
emerge as leapfrogging innovations in the
poor world. As it happens, the next great
technology revolution in health care is
even now bubbling up from the villages of
Africa and may in time benefit the rich
world too. It is built on the astounding suc-
cess of the most famous of all leapfrog
technologies: mobile phones.

Dial M for Masiluleke

To see a place where gizmos and gadgets
seem utterly unequal to dealing with a
health challenge, go to KwaZulu-Natal.
This heavily populated province of South
Africa has one of the highest rates of HIV
infection in the world, despite recent ad-
vances in tackling the disease.

For years the South African govern-
ment undermined efforts to contain AIDS
by casting doubt on its viral origins, but the
current health minister has abandoned
that outrageous stance. There was also a le-
gal stand-off between activists and drug
companies that threatened to cut off the
country’s access to antiretroviral drugs, but
in the end Big Pharma backed off. Today
South Africans can count on a supportive
(albeit overstretched) public-health sys-
tem, access to affordable drugs and free
testing and counselling. Even so, HIV/AIDS
remains rampant in KwaZulu-Natal.

Zinhle Thabethe explains why. So great
is the stigma attached to the disease that
some four-fifths of victims in the region
will not venture into their local clinic to get
an HIV test. Across South Africa perhaps a
quarter of the population is HIv-positive,
but fewer than 5% know their status. As an
HIV patient herself, Ms Thabethe was so
incensed by this state of affairs that she
helped startiTeach, a outreach programme
based at one of the busiest hospitals in
KwaZulu-Natal. She and her collaborators
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came up with a clever way to use mobile
phones to reach reticent sufferers.

In co-operation with MTN, a big mobile
carrier in South Africa, American academ-
ics and several other innovative groups,
iTeach has launched Project Masiluleke.
Using a form of text messaging similar to
sMs, this sends out up to a million short
messages a day, encouraging the recipients
in their local language to contact the na-
tional A1Ds hot line. The response has
been spectacular, especially among young
men who have proved hard to reach in the
past. When people ring, they are often told
about clinics outside theirimmediate com-
munity; in future they will be offered spe-
cial test kits they can use at home.

This scheme is already the world’s big-
gest field trial of mobile health technology

(or mHealth), and Ms Thabethe is con-
vinced it can be copied across Africa. She
believes it works not just because so many
people have mobiles but because it “side-
steps the stigma as mobile phones are very
personal. And unlike radio or billboard
ads, a message on your phone forces you
to take a moment to think and maybe act.”

She is not alone in putting her faith in
the ubiquity, personal convenience and in-
teractivity of mobile phones. “It’s not just
about technology,” says Karl Brown of the
Rockefeller Foundation, a charity with ex-
pertise in this area. “Because mobile
phones enable multidirectional flows of
information even in the most remote parts
of the world, they have the power to trans-
form health care.”

The most promising applications of
mHealth for now are public-health mes-
saging, stitching together smart medical
grids, extending the reach of scarce health
workers and establishing surveillance net-

works for infectious diseases. The use of
the technology is spreading: a recentreport
funded by the un Foundation and the Vo-
dafone Foundation, two charities, docu-
mented more than four dozen projects
across the developing world.

In Uganda, Text to Change uses an SMs-
based quiz to raise awareness among
phone users about H1v/AIDS that brought
a 40% increase in the number of people
getting tested. A study in Thailand in 2007
showed that compliance with a drug regi-
men to tackle TB jumped to over 90%
when patients were sent daily text remind-
ers to take their pills on time.

Another promising application of
mHealth involves integrating mobiles into
EHRs and software for clinical-decision
support. In western Kenya a new counsel-
ling and HIv-testing project allows rural
health-care surveyors to set up EHRs from
patients’ homes by putting their data into
mobile phones. Developed by a team led
by Kenya’s Moi University, this aims to es-
tablish EHRs for some 2m patients. Public-
health officials think this will help them
identify and treat H1v patients and im-
prove continuing patient care.

One lesson emerging from these va-
rious experiments is that the visible face of
any mHealth or e-health scheme, regard-
less of where it operates, needs to be as
simple and user-friendly as possible,
whereas the hidden back end should use
sophisticated software and hardware.

The mobile-based technology provid-
ed to Rwandan health workers by Voxiva,
an American firm, should make users in
rich countries jealous. Local officials in
Rwanda now have mobile phones loaded
with software that allows them to enter
and transmit health data back to their base
so they can access information on poten-
tial outbreaks, shortages of medicines and
so oninreal time. They also use mobiles to
order medicines, send public-health alerts
and download medical guidelines.

On call

Another area in which mHealth could
make a big difference isin helping to get the
most out of the inadequate staff of health-
care systems in the poor world. Some crit-
ics maintain that what Africaneeds mostis
more money for doctors, not fancy tech-
nology. But Laurie Garrett of the Council
on Foreign Relations (CFR), a think-tank,
argues that even with extra money for
medical training Africa cannot realistically
hope to have enough doctors in rural areas
in the near future. Training doctors takes
time, and many of them do not want to »
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» work in remote areas. So Ms Garrett wants
to see community health workers trained
to perform many of the simpler medical
tasks currently done by doctors.

This new sort of remote medicine is
gaining currency. CFR has come up with a
concept it calls “doc in a box”, which is a
standard cargo container fitted up to serve
as a basic rural health clinic. The box,
which costs a few thousand dollars to
make, allows trained villagers to offer
many services, such as vaccinations and
basic malaria treatment, that would other-
wise require a trip to a faraway clinic. The
units will be linked by mobile phone to
fully trained professionals.

In Mexico an mHealth initiative is al-
ready turning a profit. Some 4.5m Mexi-
cans are customers of Medicall Home, a
firm that provides unlimited consultations
by mobile phone with doctors for a flat fee
of about $5 a month. Pedro Yrigoyen, one
of its founders, explains that many of his
countrymen lack health insurance or live
in remote areas far from hospitals, but al-
most always have mobile phones. His firm
is now working with Voxiva to offer more
mHealth services and to extend them
across Latin America. With funding from
Fundacion Carso, a charity funded by Car-
los Slim, a Mexican telecoms magnate, the
group hopes to mine its data to benefit
both patients and public-health officials.

Preventing the next AIDS

How far can this technology go? Larry Bril-
liant, a physician who is the official “chief
philanthropy evangelist” for Google’s
charitable arm, has an audacious goal. He
believes that a combination of mobile tele-
phony and information technologies, de-
ployed in a robust global surveillance sys-
tem, can catch the next sArs or HIV long
before it turns into a global pandemic. The
key, he says, is “early detection and effec-
tive early response.”

Thatis easier said than done, as Gabriel
Leung knows all too well. Dr Leung is the
Hong Kong government official in charge
of pandemic preparedness. The city is es-
pecially important to the rest of the world
for two reasons. Firs, it is close to the Pearl
River delta, one of a handful of viral “hot-
spots” which, thanks to close contact be-
tween humans and wild animals, is the
source of many potential viral threats. Sec-
ond, Hong Kong is a major hub for air tra-
vel, so a deadly bug that passes undetected
by the city’s health officials could quickly
travel around the world and cause a poten-
tial pandemic, as sars did a few years ago.
“We are the world’s sentinel for pandem-

ics,” Dr Leung says. But he is confident that
his city is well equipped for its task.

Dr Brilliant explains that his scheme for
predicting and preventing infectious dis-
eases depends on information fed in from
the grassroots. The need for this was
brought home to him in India where he
was helping to eradicate the last remnants
of smallpox. “We couldn’tjust periodically
blanket every home with vaccinations,”
he says. “We had to know where to look.”

One relatively new tool in the box is
digital detection. Researchers at Google,
MIT’s Media Lab, 1Bm and other outfits are
applying sophisticated software tools to
try to predict outbreaks of disease. For ex-
ample, software can “crawl” the web and
look for press reports in many languages
that point to the outbreak of an unusual
disease. In a study published in Nature in
February, Google demonstrated how this
technique was able to predict flu outbreaks
in America a week or more before the gov-
ernment’s Centres for Disease Control did.

Such “rumour registries” are useful, but
any leads must be validated by boots on
the ground. Public-health surveillance sys-
tems are increasingly using mobile phones
and smart hand-held devices for this task
too. When Kenyan officials last autumn
suspected that Somali refugees might have
brought polio into the country for the first
time in 20 years, they alerted health work-
ers in the area who used their mobile
phones to log patient symptoms, medica-
tions dispensed and so on. By analysing
those data remotely, health officials in the
capital were able to contain the outbreak.

Nathan Wolfe wants to transform sur-
veillance into a predictive tool rather than
wait for signs of trouble. He recently left his
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post at the University of California, Los
Angeles, to head the Global Viral Forecast-
ing Initiative (GVFI). Since most deadly vi-
ruses, like HIV and SARS, originate in wild
animals, he spends much of his time test-
ing the blood of humans such as hunters
of bushmeat who are in constant contact
with such animals.

One technology he considers promis-
ing is the “lab on a chip”. Researchers
around the world are now working to de-
velop portable, fast and affordable ways of
analysing samples out in the field. Dr
Wolfe thinks he will soon have a device
that will identify an unknown bug by us-
ing advanced genetic analysis.

On the spot

Dr Wolfe sees great potential in the mobile
phone. When he visits remote parts of
Congo not connected by road or electricity
grid, he often finds that locals are able to
use a mobile-phone service, recharging
their phones at night using portable gener-
ators. His team is developing a software
system to offer hunters a tiny financial re-
ward to send an sMs message letting him
know when they are ill, which would pro-
vide a useful early warning. Health work-
erswould then be sentto test the ailing per-
son to see if there is cause for alarm.

Global-health visionaries are now pon-
dering a much more interactive smart grid
that can make sense of that hunter’s initial
warning. One possible technology is
Frontline sms, a free application that al-
lows health officials to analyse a huge
flood of text messages without the need
for central servers or internet access.

Eric Rasmussen, chief executive of In-
STEDD, a not-for-profit software developer
in California, believes that “first-world sol-
utions simply won’t work in places with
constrained resources and intermittent
connectivity.” For a global surveillance
system to be robust, he says, it must pro-
vide the people closest to the trouble with
the information and authority they need
to act swiftly. His outfit has created an
open-source application that puts together
data from disparate mobile sources and
combines it with maps and other data to
be used by field workers to act on a warn-
ing. Rockefeller, along with the UN Foun-
dation and others, is now encouraging
such mobile innovators to agree on best
practices and common standards to allow
the most promising ideas to spread easily,
quickly and widely. “If the internet is hu-
manity’s planetary nervous system, we
are now building our planetary immune
system,” says Dr Wolfe. m
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Fantastic Voyage

Technologyis making health care more portable, precise and personal

ALF a century ago, in a film called

“Fantastic Voyage”, a tiny Raquel
Welch and her team were sent into a dying
patient’s body in a nano-submarine to
save his life. Technology has still not ad-
vanced quite that far, but today’s sophisti-
cated devices and diagnostics are getting
ever closer.

At the university hospital in the Ger-
man city of Aachen, near the border with
Belgium and the Netherlands, complex
heart surgery that would once have re-
quired a lengthy and costly hospital stay
has been turned into a routine procedure.
Harald Kiihl, a professor of cardiology at
the hospital, says that patients who have
been given heart-valve replacements in
the morning are now usually back on their
feet the same evening and discharged the
next day.

The main operating room in Aachen is
larger than normal and crammed full of
advanced imaging technologies. In col-
laboration with Philips, a Dutch electron-
ics giant, the researchers have fused to-
gether x-ray, ultrasound and magnetic-
resonance scanners that provide detailed
images of people’s innards in real time.
That allows them to perform precise oper-
ations using techniques that leave virtual-
ly no scars. Even less invasive is “natural
orifice” surgery. In America a woman’s
gallbladder was recently removed by sur-
gical and optical tools that entered her
body through her vagina.

Robotics is also making surgery more
precise. Futurists at the Stanford Research
Institute in California have developed ro-
bots that are used to perform remote sur-
gery on wounded soldiers near the battle-
field. Da Vinci robots are now regularly
used to carry out delicate operations, such
as those for prostate cancer. These are large
machines, but robots are getting smaller.
Lord Darzi, a British health minister and
professor at Imperial College, thinks the
next wave will be micro-sized, with tiny
motors that can roam around the body
and deliver radio waves to kill tumours. In
adecade, he says,nano-robots will operate
atthe molecular scale.

But high-tech applications are no lon-
ger automatically seen as a good thing. The
proliferation of machinery such as fancy

scanners, once applauded, is now criti-
cised as a main cause of runaway health
costs. National health systems, private in-
surers and others who hold the purse
strings increasingly demand that innova-
tion be linked clearly to economic value
and improved health outcomes. Paul Yock
of Stanford’s bio-design programme says
that innovators must now start with the
medical need rather than inventing nifty
kit and then searching for an application.

The advances in genomics and infor-
mation and communications technologies
discussed earlier in this report matter be-
cause they are enabling other fields—in-
cluding nanotechnology, robotics, molec-
ular diagnostics and micro-fluidics—that
had previously made slow progress in
health care to advance much more rapidly.

Taken as a whole, all this has meant a
big shift in care away from a centralised
model that puts the physician at its core to
a smarter, more decentralised approach
centred on the patient. This shift also
opens up new ways of coping with the
huge problems of ageing populations and
surges in chronic ailments such as diabetes
and heart disease. The result will be amore
portable, precise and personal way to de-
liver health care.

Traditionally, most important diagnos-
tic tests have been done on big, expensive
machines in central laboratories. Usually
the patient gives a sample one day and
then has to return another day to see the
doctor and discuss the results.

This is inconvenient enough for pa-
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tients in the rich world, says Mr Gates, but
in developing countries it is often unfeasi-
ble. Patients there typically lose a day’s
work as they walk to distant medical clin-
ics and cannot afford to lose another day to
return for the results.

The doctors’ dilemma is that there is no
quick and reliable test for certain diseases,
such as malaria, so in sub-Saharan Africa
malaria medicine is automatically dis-
pensed to children displaying malaria-like
symptoms. But retrospective studies have
shown that many of those children did
not, in fact, have the disease. The lack of a
quick test therefore means that precious
antimalarial drugs are wasted and other
illnesses may go untreated.

You can take it with you

Fortunately, portable and rapid diagnostic
tools are on the way, says Gary Cohen of
Becton, Dickinson (BD), an American diag-
nostics giant. His firm believes that a new
type of diagnostic toolkit is emerging,
thanks to the fusion of genomics, proteom-
ics (which analyses specific proteins) and
information technologies. The impact of
such “point of care” diagnostics will be as
big asthat of mobile phones, extending the
reach of modern medicine to places that
are underserved or unserved today.

Big companies like GE, BD and Philips
are investing heavily in this area, but some
surprising advances are coming from start-
ups too. One firm has produced a cheap
testing kit that can be thrown away after
use. Diagnostics for All, started by students
atmMrT and Harvard, has developed arange
of diagnostic tests that are printed on or-
dinary paper. The key is the use of micro-
fluidics technology to direct the sample
(say, a drop of blood) through tiny grooved
channels to various chambers. Chemicals
then react with the sample, providing rap-
id diagnostic results.

Ustar Biotechnologies, a Chinese
start-up, has developed a cheap and porta-
ble diagnostic kit that it is marketing with
BioHelix, a Boston-based firm. Qimin You,
itsinventor and ustar’s founder, graduated
in North America and worked for Western
multinationals for many years. His propos-
als for cheap diagnostic technologies were
turned down by firms unwilling to under- »
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» mine their existing products, so he left to
setup his own firm in China.

“We’ve got the technology, and nobody
can compete with us on cost,” he declares,
forecasting a great future for such devices
in rich and poor countries alike. Robert
Harrison, head of the Clinton Global Ini-
tiative, a charity started by Bill Clinton,
agrees. His organisation has encountered
many similar firms from developing coun-
tries now researching, designing and
manufacturing medical technology local-
ly, which helps to ensure that solutions are
best suited to local conditions.

A guided missile

More established rivals are not standing
still. Stephen Oesterle, chief medical offi-
cer of Medtronic, a large medical-devices
firm, argues that the miracle cures prom-
ised by biotechnology will depend on
much more targeted drug delivery. Old-
fashioned pills were swallowed and ab-
sorbed through the gut, but that does not
work for biotech drugs because stomach
acid would wipe them out. His firm is in-
vesting in implanted pumps, precision de-
vices and other clever ways of putting
medicine where it is meant to go.

Philips has developed a way for drugs
to be encapsulated in bubbles made of
biodegradable polymers that can be deliv-
ered to a tumour like a guided missile. Se-
lecta BioSciences,an American firm, is test-
ing biodegradable nanoparticles, a techno-
logy developed by m1T’s Dr Langer that it
hopes to use to target lymph nodes.

Another new way of targeting drugs in-
volves the use of a specially designed sili-
con chip that is able to store and release
drugs on demand. When a remote wire-
less signal is sent, a tiny electrical current
zaps the chip to release the desired quanti-
ty of the drug. The first generation of such
chips, made by MicroChips, an American
firm, tackles diabetes. It will go to clinical
trials this year and is expected to be com-
mercialised in four years. Future applica-
tions will include chips that monitor pa-
tients at home for signs of a heart attack or
hypoglycaemia and can release the appro-
priate life-saving drugs. John Santini, the
boss of MicroChips, believes that over the
nextdecade devices will increasingly inter-
act with the body and communicate medi-
cal data directly to portable devices or
EHRS, thus helping patients to manage
their own chronic diseases.

For several decades now, visionaries
have tried to shift the medical model from
expensive hospital interventions for sick
people to cheaper preventive care in the

home. They have promoted ideas ranging
from kiosks for long-distance medical con-
sultations to smart toilets that tell your
doctor about the blood-sugar levels in
your urine. Most of these ideas have failed.

James Sweeney is one of the few entre-
preneurs to have achieved commercial
success, not once but half a dozen times,
with businesses selling personal medical
devices. His current firm, America’s Intelli-
DOT, makes small wireless devices used
for medical monitoring.

He says the biggest difficulty he hashad
to confront is not the limits of technology
but the unwillingness of insurance compa-
nies and health systems to reward innova-
tors for products that keep patients at
home, where monitoring and care can be
provided more easily and cheaply than at
the doctor’s surgery. But even this grizzled
veteran thinks the tipping point for perso-
nalised medical devices has arrived, for
three reasons.

First, thanks to much-improved tech-
nologies for remote communications, “te-
lemedicine” is at last taking off. Second,
thanks to cheap and ubiquitous consumer
electronics, medical devices in the home
are at last moving beyond clunky medical
monitors and creepy lavatories. Third,
cheap sensors and smart phones are al-
lowing a shift to “body computing”.

Two different kinds of telemedicine are
being tried out in Britain. In three locations
in England the NHs is now running one of
the largest trials of “telecare”, which aims
to monitor and offer remote medical care
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to the elderly in their homes. The Scottish
Centre for Tele-Health has set up video ki-
osks offering medical consultations in re-
mote areas to minimise the need for travel
to distant hospitals. A trial concluded last
month using video equipment made by
Cisco, an American technology firm,
found that doctors and patients consid-
ered this high-tech version of care to be as
effective as personal consultations.

Coming to a village green near you

The Mayo Clinic, another American hospi-
tal chain offering integrated care, is also
running a number of trials. Kaiser Perma-
nente already offers remote medical con-
sultations to its patients in Hawaii, and
conducts dermatological examinations
this way in California. India’s Apollo hos-
pitals regularly use remote video links to
connect specialists with distant facilities.
And Aravind Eye Hospitals, another pio-
neering Indian chain, has set up many re-
mote eye-care kiosks in villages.

The sophisticated equipment in Ara-
vind’s kiosks is run by well-trained local
women, not expensive and elusive doc-
tors. Once an eye test is completed, the pa-
tient and all his digitised data are linked by
internet video to a physician at the main
hospital who decides whether the patient
just needs spectacles (made on the spot) or
hasto go to the hospital.

Christofer Tomazou of Imperial Col-
lege, a pioneer in this field, argues that de-
vices and diagnostics could transform
chronic care if they can leave behind their »
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» baggage of “clunky electronics and Big
Brother monitoring methods”.

Dr Oesterle of Medtronics, a market
leader in fields such as remote monitoring
of patients with pacemakers, says that
cheap “consumer-grade” electronics now
make it possible to produce such devices as
disposable insulin pumps, which his firm
plans to start selling soon. As more such
devices win consumer acceptance, care
will get both cheaper and better. His firm
might become a provider of services as
well as hardware.

For his part, Dr Tomazou believes the
future belongs not to medical devices en-
hanced by consumer electronics but to
ubiquitous and user-friendly devices like

Health 2.0
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personal digital assistants and mobile
phones. These are “very useful for hiding
medical monitoring” and for displaying
data in ways that enable patients to act on
that information. Qualcomm, which
makes wireless-communications equip-
ment, thinks a good way to do this is to in-
tegrate advanced sensors and short-range
wireless networks (known as “femto-
cells”) to create “home health hubs”.

On April 2nd Intel announced a $250m
joint venture with GE to market a range of
snazzy internet-connected devices that al-
low doctors to monitor patients at home.
The company also helped organise a con-
sortium of companies, known as the Con-
tinua Health Alliance, that has produced
standards on “interoperability” and com-
munications for such products.

Tim Brown of Ideo, a design consultan-
cy, goes further, arguing that in future
“medical devices for the home will simply
disappear into our built environment, our
consumer products, our clothing or even
our bodies.” Philips has already developed
bedsheets with metal strands woven into
them to allow a patient’s heart to be mon-
itored as he sleeps. Dozens of firms, from
clothing and shoe manufacturers to con-
sumer-electronics firms, are developing
other such “body-computing” tools, both
for health applications and for sports.

Devices that will be deployed inside
the body are just around the corner. Pro-
teus Biomedical, a Californian firm, has de-
veloped a tiny computer chip that can be
put inside a normal pharmaceutical pill.
This “ smart pill” sends an electrical signal
when, for example, itis swallowed by a pa-
tient. The message is read and stored by
electronic equipment inside a small ban-
dage worn by the patient. That informa-

How far caninteractive digital medicine go?

HE advances in digital medicine de-

scribed in this special report have al-
ready started to move patients from the
margins of the medical system to its centre.
Some think there are bigger things to come.
“The key is patient-driven research,” ex-
plains Gregory Simon, head of Faster
Cures, an advocacy group in Washington,
DC. Most of the push for adopting elec-
tronic health records has come from insti-
tutions anxious to cut costs and reduce

medical errors, but he thinks the biggest
gains will come in the shape of better treat-
ments for difficult diseases. He sees pa-
tients increasingly getting together online
and sharing medical data and treatment
histories.

On a website called PatientsLikeMe,
members from around the world swap sto-
ries about their ailments and discuss sub-
jects like adverse drug interactions, dosing
strategies, new drugs and trials for more

tion can be downloaded from time to time,
or beamed wirelessly to a device in the
home that e-mails the patient’s doctor.
The point is to monitor the patient’s
health and ensure compliance with drug
regimens. This matters, because studies
have shown that patients often fail to take
medication as instructed, sometimes with
fatal results. The first clinical trial will be of
smart pills for tuberculosis. Proteus Bio-
medical’s boss, Andrew Thompson, sees
scope for applications to tackle counterfeit-
ing and even interactions between drugs.

Wait for the catch

Like all things that sound too good to be
true, these technologies have a catch. The
torrent of medical data that will be gener-
ated by all these smart devices will need to
be analysed. Software can help by sending
summaries and alerts, but Kaiser Perma-
nente’s Yan Chow thinks “technology is
running ahead of our capacity to absorb
it.” For instance, will doctors be legally ob-
liged to act on that information? Still, he is
an enthusiast. Moments later he is gushing
about a devious software program de-
signed for the Nintendo Wii, a popular vid-
eogaming system, that has proved highly
effective in getting recalcitrant children to
stick to physical-therapy regimens.

The bigger concern is that technology
can never be a substitute for personal re-
sponsibility. As Mr Gates points out, “bath-
room scales have been around a long time
and obesity is still on the rise.” Yet there is
no denying that the medical technologies
now rapidly moving towards commercial-
isation have the potential to empower pa-
tients and give them the tools and data
needed to take charge of their own health.
Thisis already beginning to happen. m

than a dozen diseases. A report by the Cali-
fornia HealthCare Foundation, a think-
tank, argues that in dealing with multiple
sclerosis, a neurological disorder for which
there is as yet no cure, “the collective wis-
dom on this website may rival the body of
information that any single medical
school or pharmaceutical company has as-
sembled in the field.”

Mr Brown of Ideo argues that until re-
cently the flow of information in medicine »



» has tended to be one way. In future, he
thinks, medical knowledge will increas-
ingly flow in many directions. Mr Brown
points to a proliferation of health blogs,
online groups and peer-to-peer portals as a
sign that the age of social networking in
medicine has arrived. Google already has
a feature that allows users of its EHRS to
share their health information with others.

It is easy to be sceptical about such on-
line communities. A fatal illness will not
be cured by Twittering about it. And for
many people nothing will replace the per-
sonal relationship between a patient and
his doctor. But it seems clear that patients
are going online to get more information
on their illness, to see what other consum-
ers think of new medications and to get
emotional support from fellow sufferers.

Good for them, good for us

Even doctors, who may seem to have the
most to lose from patient-centred digital
medicine, increasingly support the move
online. Many of them are themselves keen
users of secure medical chat rooms. Thom-
as Lee of Partners Community Healthcare
thinks such social networking helps make
up for the “water-cooler chats” of yester-
year that allowed doctors to exchange
knowledge across specialisations.

How far could all this go? Neil Seeman,
who runs a health-strategy innovation
group at the University of Toronto’s Mas-
sey College, thinks that “Health 2.0” is im-
portant “because it reinvents how we iden-
tify opinion leaders and exploit disruptive
innovation.” His research has shown that
the most active communities on social net-
works such as MySpace concentrate not on
celebrity gossip or sport but on chronic ill-
ness—especially stigmatised conditions
like depression.

The mostinfluential health blogs on the
web, he finds, are those that offer people
with chronic illnesses medically relevant
and accurate information. One post from a
trusted surgeon blogger, he says,now has a
far more immediate impact on improving
surgical care globally than a peer-reviewed
trial published in a prestigious journal.
WebMmD and America’s Centres for Dis-
ease Control (cpc), standard-bearers of
the old model of one-way information
flow online, are now offering social net-
working tools like blogs and wikis. cpc
even has a presence on Second Life, an on-
line virtual-reality game.

One man who has seen all this before is
Steven Case. He founded America Online,
a pioneering internet firm, and made a for-
tune selling it to Time Warner just before

the technology-stock bubble burst. A few
years ago he became convinced that the
next big thing on the internet was health,
so he launched Revolution Health, which
after recent acquisitions has become the
biggest online health firm. The firm’s early
efforts were slow to develop, he concedes,
in part because health care is a conserva-
tive business and the financial-reimburse-
ment models in health care are extremely
convoluted.

But Mr Case remains convinced that
digital medicine will take off. As people
live longer and spend an ever larger pro-
portion of their income on health, he says,
“the consumer will demand to know and
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will want to be empowered.” He likens the
current state of digital medicine to the
heady days of the late 1970s when Apple
ushered in the age of personal computing.

Doctors are quick to point out that tran-
sistors are not the same as transplants.
Medicine is more complex than electron-
ics or even the internet. And there are a
number of things about established medi-
cal practice that are to be cherished and not
recklessly cast aside in the name of change.

Reformation, notrevolution

That is why it may make more sense to see
the move to digital medicine as a reforma-
tion rather than a revolution. In an issue of
the British Medical Journal which was de-
voted largely to this topic last month, Jo-
anne Shaw, a prominent figure in the Brit-
ish medical establishment, argues that
“traditional paternalistic relationships be-
tween patients and doctors are being un-
dermined in much the same way as the re-
ligious Reformation of the 16th century
empowered the laity and threatened the
1,000-year-old hierarchy of the Catholic
church in Europe. The Reformation had ir-
reversible consequences for Western soci-
ety; the implications of the health-care ref-
ormation could also be profound.” Fiona
Godlee, the journal’s editor, agrees with
her that the shift towards patient empow-
erment is “unstoppable”.

As bottom-up digital medicine arrives
in full force, it will at last provide reformers
with the tools they need to tackle the great
health-care challenges of this century:
dealing with the cost of chronic care for the
ageing populations of the rich world and
helping the weak health systems in poor
countries tackle deadly diseases. m
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