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Executive summary

Availability of health technology is inversely related to
health need. Although health-care systems in high-
income countries make extensive use of technology,
people in the world’s poorest countries often lack the
most fundamental drugs and devices. A concerted global
effort to encourage the development and use of health
technologies that can benefit the poorest people in the
world is needed.

Technologies for global health refers to a broad
category of interventions that reduce malnutrition,
improve sanitation, and increase safety on roads, and
they are distinct from health technologies specifically
designed to prevent, diagnose, or treat illness, from the
highly specific (eg, a vaccine for a particular disease) to
the more widely applicable (eg, a blood pressure
monitor). The contribution of technologies for health
should be acknowledged, and they are considered here,
although this report mainly focuses on the narrower
category of health technologies.

Technology is often associated with complex devices
such as surgical robots, but this report takes a broader
view, including less tangible technologies such as clinical
guidelines and electronic applications. As an increasingly
widespread technology, the potential for mobile telephones
to support health (m-Health) are discussed in detail.

For the greatest global health challenges—those targeted
in the Millennium Development Goals (MDGs) and the
rising burden of non-communicable disease—technology
is already making a contribution to meeting global health
needs. However, it could have a greater effect on health
outcomes in low-income and middle-income countries,
where the greatest burden of disease lies. Insufficient
resources have been dedicated to the development of so-
called frugal technology to meet the needs of the world’s
poorest people. Even when the necessary technology does
exist, it is frequently inaccessible, either because it is too
expensive or because of constraints related to distribution,
energy supply, or human resources. Efforts should also be
made to ensure that technology is acceptable to, and will be
adopted by, users.

Decisions to introduce health technologies into
resource-poor settings should be evidence based, with
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careful consideration given to achievement of successful
implementation and scale-up, requiring a focus not only
on technology but also on associated process innovations
that enable effective use. Introduction and use of
technology in resource-poor settings raises several issues
that need to be addressed. How can technology be
ensured to improve rather than damage health? And how
should technology be deployed in an equitable, but
financially sustainable way? Additionally, greater focus
on frugal technology offers truly global promise. Novel
technologies are being created in low-income and
middle-income countries that might help mitigate
escalating health-care costs in high-income countries.

This report also sets out recommendations. Some of
these recommendations are for specific organisations
or health needs. Five are overarching. First, increased
funding and support are needed to enable the develop-
ment of more frugal technologies. Second, technology
should be combined with other innovations to support
effective adoption and implementation—technology
should not be considered in isolation from the wider
context or health system of a low-income or middle-
income country.

Third, we need to think broadly and take a multi-
disciplinary approach to development and introduction

Key messages

+ Technology can improve global health, and includes not
only pharmaceuticals, vaccines, and devices, but also
advances such as better sanitation and agriculture.

+ At present, technology for health focuses on the needs of
the wealthy.

+ More frugal technology, specifically designed for the
world’s poorest people, is needed.

+ Such technology also has the potential to be a disruptive
technology for health care in high-income countries.

+ Technology alone is not enough—it needs to be combined
with innovations in processes to have the greatest effect.

+ Capacity to successfully create and use technology
should be part of the post-2015 assessment of global
development.
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which are specific to health, such as drugs and medical
devices, whereas others have health benefits that arise
from use outside of health, such as the internet or
irrigation. Fourth, when possible, technology that is
already available in resource-poor settings (such as
mobile telephones) should be used as a platform for
health interventions. Fifth, development needs to be
assessed after 2015; the capacity to create and use
technology should be a key development measure and a
focus for global action.

Introduction

Health care in high-income countries is hugely de-
pendent on technology; for example, in 2007, nearly
27-5 million MRI scans were done in the USA.! Health
technology affects all aspects of health care, from
computerised records in primary care to robotic surgery
in a tertiary hospital. Dependence on technology is set to
grow—in England nearly 30000 radiotherapy fractions
per 1000000 people were delivered in 2005, but this
number could almost double, to 54000 fractions per
1000000 people, by 2016.> Health technology has
provided new treatment possibilities in high-income
countries—for example, stroke care has been trans-
formed through a combination of CT scanning and the
use of thrombolytic drugs to treat acute ischaemic
strokes, thereby reducing death and long-term disability
in affected groups.’

However, many of these new treatments and tech-
nologies are not readily accessible to the world’s poorest
people. In 2008, 2-47 billion people lived on the
equivalent of less than US$2 a day,* and these people live
in low-income and middle-income countries with often
little access to technology for health. For example,
although antiretroviral therapy is available to all those in
the UK who need it, only 14% of those in the Democratic
Republic of Congo who need such drugs receive them.’
The latest medical devices are scarce in low-income and
middle-income countries—Japan has almost 90 times as
many MRI scanners per head as has India®—and their
use might be restricted to a wealthy elite who can afford
to pay for health care.

This report explores how health technology can be of
benefit worldwide rather than just to those who live in
high-income countries. It puts into context what is meant
by technology for global health and discusses the
contribution of technology to the greatest global health
challenges. The Commission explores some of the
obstacles to use of technology to improve the health of
poor people worldwide, and outlines key actions that can
help with scale-up of access to technologies for health.
The report concludes with some practical proposals,
including specific recommendations for groups such as
ministries of health of low-income and middle-income
countries, the health-care industry, and academia.

What is meant by technology for health?
Technology for health is broader than health technology.
For example, technologies for health could increase
agricultural output in low-income countries—such as
the foot-operated treadle pump—which improves health
by reducing hunger and malnutrition. Likewise, tech-
nologies that improve road safety—such as motorcycle
crash helmets—contribute to public health, but are not
classified as health technologies. Such technologies
improve health, but they are not usually the main
concern of a health system.

By contrast, health technologies are directly focused
on health needs. WHO defines health technology as
“devices, drugs, medical, and surgical procedures—and
the knowledge associated with these—used in the
prevention, diagnosis and treatment of disease as well as
in rehabilitation, and the organizational and supportive
systems within which care is provided”” The first
two categories of health technology included in the
definition—devices and drugs—are material artifacts
and the common view of technology is of a physical
product.® However, this definition of health technologies
unnecessarily narrows the notion. Technology also
includes important but less tangible elements (“the
knowledge associated with these”) that are crucial for the
operation of health systems. Some of these technologies
have a very simple physical form, such as a paper
checklist or a clinical guideline on a computer screen.
Often interaction between an object and knowledge is
necessary—for example, WHO Guidelines on Hand
Hygiene in Health Care’ is a source of knowledge that
enables effective use of alcohol-based handgels.

One way to view these different types of health
technologies is to classify them into six categories: drugs,
biological products (including vaccines and cellular
therapies), medical devices, medical and surgical
procedures, support systems (eg, drug formularies and
clinical laboratories), and organisational systems (eg,
clinical pathways; figure 1)."

At the boundary between technologies for health and
health technology is information and communication
technology. This category includes television and radio,
which are used by more than 75% of people in low-income
and middle-income countries and can be the best medium
for transmission of health messages. The social enterprise
Development Media International believes that such
approaches can be very cost effective and are assessing use
of radio health campaigns in a randomised controlled trial
in Burkina Faso." However, the internet and telephone,
which are more interactive, are the focus of the Millennium
Development Goal (MDG) 8 subtarget F. The target refers
to the need to “make available the benefits of new
technologies, especially information and communications”
and the indicators focus on measurement of telephone
lines, internet users, and mobile telephone subscribers per
100 people. Progress for these indicators has been striking.
90% of the world’s population are covered by a mobile
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telephone signal, there are 5-3 billion subscribers,” and
growth rates of use are higher in Africa than in any other
continent. Mobile telephones are used for a wide range of
functions, such as banking—M-Pesa in Kenya allows users
to transfer money via text message.” Although internet use
is overshadowed by the explosion in mobile telephone
ownership, more people in developing countries use the
internet than in developed countries."

The internet and the mobile telephone have become
key platforms for delivery of health care and are able to
run a wide range of programmes and applications that
are specific to health. Low-income and middle-income
countries could even overtake high-income countries—
which have been slow to move away from existing
systems and processes—for use of information and
communication technology. Information technology for
health is used by fewer than 20% of doctors’ surgeries in
USA, but nearly 60% of Indian hospitals have electronic
systems.” m-Health—the use of mobile telephones for
health—and the potential of individual and population-
based health information are discussed in the appendix.

Most health technology is produced by companies from
high-income countries for high-income markets, as
shown by the market for medical devices; the top
30 companies, which account for 89% of sales revenues,
all have their headquarters in high-income countries, 19 of
which are in the USA.” Their sales overwhelmingly take
place in high-income countries—87% of which are in the
EU (plus Norway), Japan, and USA.” Health technology is
therefore mostly designed for an environment with high
spending on health, a reliable energy supply, and large
numbers of trained health-care professionals.

By contrast, low-income and middle-income countries
have little money, underdeveloped infrastructure, and few
health-care workers. However, technologies from high-
income countries are often deployed in these settings
without enough thought of the consequences, and such
technologies might rapidly become useless; according to
hospital inventories, an estimated 40% of health-care
equipment in developing countries is out of service,
compared with less than 1% in high-income countries.”

Donation of second-hand or surplus devices from
hospitals in high-income countries contributes to this
excess of unusable technologies. Some low-income
countries receive as much as 80% of their medical
devices as donations.” Although well-intentioned,
donations can place a burden on recipients; oxygen
concentrators donated to a Gambian tertiary hospital
required a voltage incompatible with the electricity
supply in that country. Time-consuming attempts were
made to find a solution without success.” Technology
should therefore only be donated when the donor and
recipient work together to identify beneficial technology
and putin place a process to enable effective deployment
of the technology (eg, by including a service contract),
adhering to WHO’s guidelines to support successful
donations.”
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Figure 1: Overview of technology for global health

Although carefully considered donations can be bene-
ficial, a better approach for low-income and middle-
income countries is to develop more frugal technologies
that are specifically designed to meet the needs of
low-income countries. One of the most famous frugal
technologies is the Jaipur foot (panel 1). A list of attributes
of such technology has been developed.? One of the most
important attributes is the involvement of users as co-
designers.* User involvement can be difficult to achieve
in resource-poor settings; for example, a study in Kenya
showed that designs often imitated foreign designs or
were based on perceived needs, since this approach was
cheaper than extensive market and field testing—frugal
technology does not necessarily originate from the
poorest countries. Indeed, 75% of devices listed in WHO’s
compendium of technologies that are likely to be suitable
for use in low-resource settings originated in high-income
countries.” One study suggests that the greatest drivers of
development of frugal technology will be multinational
corporations with operations in emerging markets such
as India and China.*

Although this report focuses on technology, technology
on its own is rarely sufficient to improve health outcomes.
Technology needs to be accompanied by innovation to
have an effect, which is why frugal innovation is referred

See Online for appendix

Frugal technologies

Frugal technology is technology
that is specifically developed to
meet the needs of the world’s
poorest people.
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Panel 1: The Jaipur foot

The Jaipur foot?*? is a rubber prosthetic for people who have lost their leg and foot below
the knee. It was designed in India in 1968, and was adopted in low-income countries
because it has a flexible design that enables walking on uneven surfaces and—unlike
prosthetics from high-income countries—can be worn without a shoe.

The Jaipur foot is used in 22 countries (including countries in Asia, Africa, and South
America), as well as 19 sites in India. Scale-up has been possible for several reasons. The
rubber is locally available and the foot can be mass-produced with commercially available
ovens, taking just 1 h to assemble. Additionally, the device is not patented, decreasing the
cost of production since no licence fees or royalties need to be paid.

The result is a product with a very low price that is easy to make. The Jaipur foot costs
roughly US$40 (2009 prices), compared with $8000-12 000 for the equivalent bespoke
prostheses used in high-income countries. However, even $40 is too much for most
amputees in India, so the Jaipur foot is distributed for free by the non-profit organisation
Bhagwan Mahaveer Viklang Sahayata Samiti, which relies on donations and funding from
public and private bodies. This approach is working; Bhagwan Mahaveer Viklang Sahayata
Samiti fitted more than 20181 artificial limbs in 2007-08, making it the world’s largest
provider of prosthetic limbs.

Jaipur foot effectively implemented and used.”

Examples of process innovations include methods to
improve business, such as the balanced scorecard and
Six Sigma, which are useful for health care, even in
The Narayana Hrudayalaya
Hospital in India is famous for its process innovations,
which have helped reduce its costs by effective ex-
ploitation of technological assets, such as its cardiac
catheterisation laboratories, which are used 15-20 times

developing countries.?*

a day, more than five-times the rate in US hospitals.”

Process innovation is needed to complement tech-
nology for health. For example, new vaccines are only
fully effective if a critical mass of the population is
vaccinated to achieve herd immunity. Asm Amjad
Hossain—a district immunisation medical officer from
Bangladesh and the first recipient of the Gates Vaccine
Innovation Award—raised immunisation rates in the
two districts for which he was responsible from 67% to
85% and 60% to 79% in 1 year. His innovation was to
register pregnant women with their expected date of
delivery, location, and phone number, so that vaccinators
knew when children were born, where they were, and
an easy way to contact their mothers. He also made
vaccinators easier to contact and publicised vaccination
schedules to make them more accountable to the
community.? Process innovations, which are often
simple, are therefore needed to support implementation

of frugal technologies.
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to more commonly than is frugal technology. Health-care
innovations are any initiative that takes novel ideas,
inventions, or processes and applies them to achieve
improved health and greater health equity.” Innovation
has often been split into two categories—product inno-
vation, relating to new objects, and process innovation,
whereby new approaches allow a product to be more

Global health needs and contribution of
technology

Assessment of the contribution of technology to
meeting global health needs is not easy. Evidence shows
the benefits of health technology in high-income coun-
tries,” but worldwide and in low-income and middle-
income countries the benefits are not well studied. The
1999 World Health Report™* (taking a very broad view of
technology; every advance not related to income or
education) suggested that worldwide “half the gains in
health between 1952 and 1992 result from access to better
technology”. Such a broad definition avoids difficult
issues such as how to disentangle the importance of a
new drug from the necessity of having sufficient health-
care workers to ensure that it is effectively used. By look-
ing at the major global health needs this Commission
aims to provide an in-depth assessment of where tech-
nology does, and does not, play a substantial part in
improvement of health.

The MDGs

The MDGs* (eight targets that all UN member states
agreed to achieve by 2015) include the dominant health
problems that have challenged low-income countries in
the past few decades. Three of the goals (MDG 4, MDG 5,
and MDG 6) are explicitly related to health, whereas the
others (especially MDG 1 and MDG 7) have health
components. The goals overlap susbtantially, as recog-
nised in a previous Commission,* and figure 2 shows the
connections between them.

MDG 4 is to reduce the mortality rate of children aged
younger than 5 years by two thirds, between 1990 and
2015. Worldwide, between 1990 and 2010, infant
mortality fell from 88 to 57 deaths per 1000 infants.
This rate means that to achieve this MDG, almost as
much improvement is needed in the final 5 years as has
been achieved in the previous 20 years. The greatest
challenge is in sub-Saharan Africa, where infant
mortality has only decreased from 174 to 121 deaths per
1000 infants.”

Technology has played a part in reduction of infant
mortality. The measles vaccine is a good example. In
2009, almost 80% of children received at least one dose
of the vaccine compared with 69% in 2000, and this
improved coverage has reduced the number of children
dying from measles by 74% from 750000 deaths in 2000
to 139300 in 2010. Use of the vaccine has been driven by
the 2001 establishment of the Measles Initiative®—a
partnership led by the American Red Cross, US Centers
for Disease Control and Prevention, UN Foundation,
UNICEF, and WHO—to coordinate delivery of immun-
isation in low-income countries. More than a billion
children have been vaccinated against measles in the
past decade for less than $1 per child (the low cost is
principally because the vaccine, first licensed in 1963, is
off patent). Measles is now the cause of just 1% of deaths
of children younger than 5 years.
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Goal 5

Goal 4
Reduce under-5
mortality rate

Goal 7C
Improve sanitation

and drinking water
and tuberculosis

Goal 8E and 8F
Private sector cooperation
making available drugs
and ICT

Millennium Development Goals

Reduce maternal mortality,
universal access to
reproductive health

Tackle HIV/AIDS, malaria,

Goal 1C
Reduce hunger

Tackle non-
communicable diseases

Improve road safety Improve mental health

Increasing health challenges

Figure 2: Connections between Millennium Development Goals and increasing health challenges

ICT=information and communication technology.

By contrast, malaria, pneumonia, and diarrhoea com-
bined cause more than 40% of deaths of children younger
than 5 years worldwide.” Tackling malaria will be dis-
cussed for MDG 6; here the contribution of technology to
the treatment of diarrhoea and pneumonia are discussed.
Prevention of some types of pneumonia is possible by
vaccination for pneumococcal disease (pneumonia and
meningitis caused by bacteria). Additionally, a non-
technological solution—exclusive breastfeeding for the
first 6 months of an infant’s life—reduces the incidence of
pneumonia by 15-23%.%°

Children with very severe or severe pneumonia should
usually be treated in hospital, but many low-income and
middle-income countries do not have a sufficient number
of hospital beds for this strategy. The main treatment for
pneumonia is antibiotics, but these are also often
unavailable. For example in India, which has the highest
number of yearly child deaths from pneumonia, 69% of
children with suspected pneumonia are taken to a health-
care facility but only 13% receive antibiotics.” To tackle this
shortfall, the Alliance for the Prudent Use of Antibiotics is
working in Uganda and Zimbabwe to understand how
antibiotic use could be improved in such countries.”

If pneumonia is combined with hypoxaemia, as hap-
pens in 13% of cases, children are five-times more likely
to die than are those with only pneumonia.” Oxygen
concentrations should therefore be monitored and oxygen
therapy should be made available, but this approach is
not always possible. Low-income and middle-income
countries need an estimated 1000000 pulse oximeters
(because monitoring blood oxygen concentration is

www.thelancet.com Vol 380 August 4, 2012

important for other areas of health care, such as the use
of anaesthetics), and a WHO project has been established
to tackle the shortfall.* Availability of oxygen concentrators
to provide oxygen therapy is also patchy in developing
countries because of cost and failure of the devices in
challenging environments.

Treatment of diarrhoea in low-income countries has
substantially improved because of the availability of oral
rehydration therapy. Developed in India and Bangladesh
in the 1960s and early 1970s, this therapy uses salts,
glucose, and other simple ingredients to replace lost body
fluid. WHO advocated the uptake of oral rehydration
therapy in 1979, and by 1995 use had risen from close to
0% to 81%. Yearly deaths from diarrhoea fell by 67% from
4.6 million in 1979, to 1-5 million in 1999, and although
the contribution of oral rehydration therapy is difficult to
quantify, it is probably highly important.® Perhaps a result
of resistance to transfer of knowledge from resource-poor
to resource-rich settings, high-income countries took more
than 30 years to adopt regular use of oral rehydration
therapy, and persisted in using more expensive, less
effective methods, such as intravenous therapy.® Although
oral rehydration therapy is effective, it depends on the
availability of salts and their correct use. An alternative
approach is to prevent diarrhoea. One way is through
improved sanitation. Another is by vaccination (panel 2).

MDG 5 is to reduce by three quarters the maternal
mortality ratio and achieve universal access to reproductive
health. Maternal mortality has decreased in developing
countries, with deaths falling from 440 per 100000 women
in 1990, to 290 per 100000 women in 2008. However, this
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Panel 2: A vaccine for rotavirus

Rotavirus infection accounts for more than 500 000 diarrhoeal deaths per year, mostly
(440000) in children younger than 5 years.* Only 20-40 of those deaths take place in
USA, yet the first vaccine against rotavirus—RotaShield—was used there in 1998.
However, after just 9 months the vaccination programme was stopped after more cases
of intussusception (in which part of the intestine folds into another part, causing a block)
than expected occurred in vaccinated children. The US Centers for Disease Control and
Prevention investigated and withdrew its recommendation that RotaShield be used in

vaccination programmes.

The risk of side-effects meant that the vaccine was judged unsuitable for use in the USA
and was subsequently not taken up by low-income and middle-income countries, even
though the potential health gains (lives saved and hospital admissions avoided) were far
higher than those in high-income countries. Frustratingly, subsequent examination of the
evidence from the USA shows that intussesception occurred predominantly in children
who were given the first vaccination at a late stage (after 3 months; the first dose is
recommended to be administered at 2 months).*

RotaShield’s commercial potential was destroyed by the US investigation. The rights to
RotaShield were obtained by the non-profit International Medica Foundation, which
has successfully completed a clinical trial in Ghana giving two doses of the vaccine, one
soon after birth and the second before the child is aged 60 days. The Foundation has
also developed a heat-stable variant of the vaccine, which will not need refrigeration at

all times.*

Two more rotavirus vaccines, prequalified by WHO, exist—Rotarix and Rotateq—and are
being introduced into national immunisation programmes in developing countries.
However, since neither product was designed for use in resource-poor settings,
limitations exist for both dosing schedule and stability.* The manufacturers of Rotarix
(GlaxoSmithKline) and Rotateq (Merck) have announced access pricing agreements with
the GAVI Alliance that mean that they will sell their vaccines for US$2-50 and

$5-00 (falling to $3-50 after 30 million doses), respectively.* For Rotarix this price is
roughly 5% of its price in high-income countries.” The International Medica Foundation
hopes to make their RotaShield vaccine available for $1 per dose.

These developments are all positive, but if the original vaccine had been tested first in a
resource-poor setting where the problems of diarrhoea are greatest, a 10-year delay in the
introduction of a vaccine to where it was most needed might have been avoided, with

millions of lives saved.

eRanger ambulance
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34% reduction is well short of the 75% set by the MDG,
which seems unachievable by 2015.” More than a third of
all maternal deaths are caused by obstetric haemorrhage
during or just after delivery, and a further 8% are caused by
sepsis.” The best way to combat these causes is to have
medical supervision during birth so that conditions such
as heavy bleeding can be managed. However, in 2009, in
the two regions with the highest proportions of maternal
deaths—sub-Saharan Africa and south Asia—only 46%
and 50% of all births were attended by skilled health-care
professionals.” Compared with health-care personnel, the
role of technology in helping meet this MDG might seem
of little importance, and it is when compared with other
MDGs, especially MDG 6. However, effective transport for
women in labour can be key for getting such women to a
health-care facility (panel 3). Additionally, two drugs can be
used to reduce the risk of post-partum haemorrhage. The
most effective drug is oxytocin, which is injected into the

uterus.” However, oxytocin needs to be refrigerated and
might not be effective if stored at temperatures higher
than 25°C, which is a common ambient temperature in
many low-income and middle-income countries. The
Oxytocin Consortium is a public—private partnership that
was established to address this problem by developing
heat-stable oxytocin.* Until this aim is achieved, the oral
medication misoprostol is a less effective alternative if
oxytocin is unavailable and was added to WHO’s list of
essential medicines in 2011.

A technology being developed that might help reduce
maternal mortality is WHO’s Safe Childbirth Checklist.
Checklists provide a clear and useful way of checking that
essential steps in a patient’s care are completed and were
first used for surgery. Complications after surgery in the
eight hospitals included in the pilot study® fell from 411 of
3733 patients before to 277 of 3955 patients after and
deaths after surgery decreased from 56 of 3733 patients
before to 32 of 3955 patients after. Improvements were
greatest in hospitals in low-income countries (Tanzania
and India). Building on this success, a 29-item Safe
Childbirth Checklist has been developed,* field tested in
ten countries, and piloted in southern India, with highly
encouraging results.” A large randomised controlled trial
is underway in northern India to measure the effect of the
programme on maternal, fetal, and newborn survival and
results will be reported in 2015.

As for maternal mortality, the goal of universal access to
reproductive health services by 2015 seems distant. For
example, 25% of women aged 1549 years in sub-Saharan
Africa have an unmet need for family planning (a desire to
delay or avoid pregnancy but no form of contraception).
This percentage has lessened by just 1% since 1990.”
Worldwide, progress has been made, with a drop from
14% to 11% in developing regions between 1990 and
2008. One technology that has contributed is longacting,
injectable, hormonal contraception.® However, re-use of
syringes and needles needs to be prevented because of the
accompanying risks of transmission of hepatitis C virus,
HIV, or other infections. To meet this challenge, the non-
profit organisation PATH (Seattle, WA, USA) developed
the Uniject injection system.” This disposable device
consists of a sealed plastic pouch pre-filled with the correct
quantity of solution or suspension for a single injection
and fitted with a needle with a valve to prevent refilling.
The device is simple for lay health workers to use, and
eliminates overdosing and transmission of infections
between patients. Uniject devices loaded with once a
month hormonal contraceptives have been developed by
PATH and the Concept Foundation (Thailand).®*

MDG 6 is to have halted by 2015 and begun to reverse
the spread of HIV/AIDS and achieve, by 2010, universal
access to treatment for HIV/AIDS for all those who need
it and have halted by 2015 and begun to reverse the
incidence of malaria and other major diseases. In 2009,
around 2 -6 million people were newly infected with HIV,
a 21% reduction in incidence from the peak in 1997 As
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with the other MDGs, the greatest HIV burden is in sub-
Saharan Africa, which has 69% of the world’s new HIV
cases and 72% of total deaths caused by HIV/AIDS.”
Technology’s role in reduction of the spread of HIV/AIDS
has been small. Increased use of condoms is important,
but the problem has not been the supply of condoms but
encouraging people to use them. Some developments are
promising, such as the Just Milk project* to adapt nipple
shields to carry medication to help prevent mother-to-
child transmission of HIV. A vaccine for HIV/AIDS, the
global health holy grail, is still some way off, although
30 candidates are in phase 1 or 2 trials. Because the cost of
lifelong treatment with antiretroviral drugs is high
(estimated at $7400) even a vaccine with little efficacy and
a high cost per dose could still be beneficial.*

However, a breakthrough study in 2011 showed
that antiretrovirals might be the best solution for preven-
tion, as well as treatment. The study of 1763 HIV-
serodiscordant couples, was stopped before its planned
closing date of 2015, because the risk of transmission
of HIV from the infected to the non-infected partner fell
by 96% if antiretroviral treatment began immediately
after diagnosis. Sexual transmission accounts for 80% of
HIV infections, so reduction of infection by this route is
important. This finding puts an even greater premium
on expansion of access to antiretroviral drugs.

With few resources, antiretroviral use has been focused
on treatment of the sickest patients. This strategy means
that the 2010 universal access MDG was not for all
33-3 million people with HIV/AIDS, but the 14-6 million
who WHO defined as benefiting from antiretroviral
therapy.” For this subpopulation, coverage was 47% at
the end of 2010. Access to drugs is growing: almost
6-65 million people in low-income and middle-income
countries received antiretroviral therapy in 2010, which is
nearly 1-4 million more than in 2009 and the largest ever
yearly increase.’” The increasing availability of treatment
has been driven by improved financing and the availability
of fixed-dose combinations of antiretroviral drugs (panel 4).
Nevertheless, if universal access is to include all people
with HIV/AIDS, much more needs to be done, since more
than 80% of patients are not receiving treatment.

As with HIV, overall frequency of malaria has de-
creased, from 233 million cases in 2000, to 216 million
cases in 2010. Over the same period deaths from malaria
have fallen by more than a third—from nearly 985000 to
655000—according to WHO.” A more recent estimate
suggests more deaths and even greater rate of reduction
(from 1-8 million deaths in 2004, to 1-1 million deaths in
2010) with technology playing a key part in this progress,
most notably artemisinin-based combination therapies
and insecticide-treated bednets.” Bednets can reduce
deaths from malaria because mosquitoes carrying the
Plasmodium falciparum parasite are most likely to bite
at night, and results of a study” show that mortal-
ity attributable to malaria decreased by 55% in
children younger than 5 years who used a bednet.
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Panel 3: The eRanger, a durable rural ambulance

The eRanger ambulance was designed to help meet the need for medical transport in rural
Africa. Because of poor roads and few resources, the sophisticated ambulances used in
high-income countries are not appropriate. However, transport is desperately needed,
particularly to reduce maternal deaths by transporting women with complications during
labour to a hospital.

The eRanger ambulance uses a motorbike and stretcher sidecar. The motorbike is a type
commonly used in Africa (which means that spare parts are more widely available),
modified to work effectively with a stretcher sidecar that can carry one or two people (the
patient and, if necessary, a health-care worker).

Use of the eRanger in three rural health centres in Malawi reduced median delays in
referral to the district hospital by 2-0-4-5 h (35-76%). The initial cost of the eRanger was
19-times less than that of a four-wheel drive ambulance based at the district hospital.
Running costs for the eRanger were also substantially lower than for the car ambulance.
The eRanger’s fuel consumption is 25-30 km/L versus 5-8 km/L for the average
four-wheel drive vehicle. Adjusting for distance travelled, the running costs of the
eRanger per km is a quarter of those of the car ambulance. Most importantly, the eRanger
has improved health outcomes; a WHO study shows that the eRanger has contributed to
a reduction in maternal mortality in Malawi.**

Panel 4: Simplification and development of low-cost antiretroviral therapy®

Effective treatment of HIV became possible in 1996, with the development of highly active
antiretroviral therapy, which delays the onset of AIDS. Within 4 years, deaths from HIV/AIDS
had fallen by 84% in high-income countries. However, at a cost of $10000-15 000 per
person per year, such treatment was not affordable for low-income countries and by

2001 only 2% of people with HIV in these countries were able to access antiretroviral
drugs.®® In 2001, generic drug producers developed a triple-dose treatment of stavudine,
lamivudine, and nevirapine that cost less than $300 per person per year. Since then costs
have continued to fall and are now less than $100 per person per year.

Identification of one fixed-dose combination as a first-line treatment was essential for
scale-up of access to antiretroviral therapy by enabling manufacturers to focus production
on one regimen. Nurses and health-care assistants have been able to treat patients at rural
clinics with this one regimen. The pill is taken twice a day, which is easy to comply with, is
suitable for pregnant women, and does not need to be refrigerated.

However, use of the fixed-dose combination has not been without controversy:
stavudine has toxic, potentially fatal, side-effects that have almost completely stopped
its use in well-resourced programmes. As a result, the widespread use of stavudine,
coupled with late initiation of treatment in low-income countries, has led a
commentator® to compare HIV care in resource-poor settings with the notorious
Tuskegee studies in which institutionalised black patients with neurosyphilis were left
untreated to enable the natural history of the disease to be described. This claim
perhaps over-states the case, and whether scale-up of antiretroviral therapy could have
been done without the use of stavudine is contentious. Nonetheless, in 2009, WHO
called for stavudine to be replaced with the recommended alternatives zidovudine and
tenofovir. This switch is now being implemented, aided by the availability of a new
fixed-dose combination of zidovudine, lamivudine, and nevirapine. However, because
the two alternative drugs are more expensive than stavudine (in 2010 the lowest
priced WHO-approved first-line regimen was $116),” this change reduces the resources
available for other aspects of HIV treatment and the replacement of stavudine could be
regarded” as less important than ensuring access to CD4 cell count monitoring and
initiation of antiretroviral therapy for people with CD4 cell counts of less than

350 cells per mL.
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Xpert MTB/RIF diagnostic
test
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Insecticide-treated bednets are estimated to have saved
the lives of almost 250000 infants in sub-Saharan Africa
between 2002 and 2008 Distribution of bednets has
intensified in recent years, with 290 million nets supplied
to sub-Saharan Africa during 2008-10, enough to protect
76% of the population at risk from malaria. Bednets have
also become more effective in the past decade since nets
are now treated with longlasting insecticide (effective for
their 3 year estimated lifespan), whereas those available
in 2000 had to be re-sprayed every 6-12 months.”

Standard white bednets to prevent malaria are un-
popular in some parts of Africa because of their
similarity to funeral shrouds used to swathe deceased
people,” so to encourage their use organisations dis-
tributing nets have changed the colour (green is often
the default, and investigators in Kenya have noted” that
green was the preferred colour). The number of people
protected by bednets is increasing—for example, in
2009, 64% of children younger than 5 years in Tanzania
slept under a bednet, compared with just 2% in 2000."

Artemisinin-based combination therapies use arte-
misinin or its derivatives in combination with other
antimalarial drugs. They are the main treatment for
people infected with P falciparum. Artemisinin comes
from the sweet wormwood plant (Artemisia annua), the
tea of which has been used as an anti-malarial treatment
in China for 2000 years.® If used for uncomplicated
malaria, artemisinin-based combination therapies are
90% effective with few side-effects.” The challenge is to
develop cheap methods to manufacture such therapies
and ensure that they are used effectively, although
innovative financing (with global subsidies) and delivery
models (using the private sector) are helping to increase
the availability of artemisinin-based combination thera-
pies in low-income and middle-income countries.®

Although progress has been made in tackling the
health burden of malaria, an effective vaccine would still
be an important development, especially since recent
progress might be hampered by increased insecticide
resistance of mosquitoes and parasite resistance to
existing drugs. Results of a phase 3 trial® of the RTS,S
vaccine (which boosts children’s immune systems) in
Africa show a roughly 50% reduction in malaria cases in
children aged 5-17 months in the year after vaccination.
Although encouraging, this decrease is short of the 80%
reduction hoped for by the Malaria Vaccine Initiative.
The vaccine has not yet been shown to reduce mortality
and the trial will not finish until 2014, but WHO have
suggested that, if results are positive, the vaccine could
be approved for use in 2015.

Tuberculosis has, like malaria, falling incidence and
mortality rates. The number of new cases peaked at 142 per
100000 people in 2004, and has since fallen to 137 per
100000 people in 2009. China and India account for 35%
of all new cases. From 1990 to 2009, worldwide mortality
fell by a third, although deaths in sub-Saharan Africa rose
from 32 per 100000 people to 53 per 100000 people.”

Effective treatment of tuberculosis has been driven
through increased finance and the widespread adoption of
short course directly observed therapy.* Technology has a
crucial role in this programme through diagnosis by
sputum smear microscopy and administration of a short
course of antibiotic drugs.® However, several challenges
remain that need new solutions. Diagnostic tests have
been inadequate and although Xpert MTB/RIF (panel 5)
has improved the situation, a point-of-care test is still
needed. Support of patients to help them comply with
antibiotics is important; failure to do so has contributed to
the emergence of multidrug-resistant tuberculosis, which
is resistant to firstline regimens. New drugs (existing
tuberculosis drugs are more than 40 years old) offering
shorter treatment durations are needed to tackle multidrug-
resistant tuberculosis in eastern Europe, India, and China,
and for people with HIV and tuberculosis—80% of whom
live in sub-Saharan Africa—if MDG and international
targets for tuberculosis and HIV are to be achieved.®

Goal 1C is to halve, between 1990 and 2015, the pro-
portion of people who suffer from hunger. Although not
strictly a health MDG, malnutrition is clearly an important
factor that affects health. For example, malnourished
infants are more susceptible to illnesses (such as diarrhoea
and pneumonia) and consequently have higher mortality
rates than do properly nourished children—malnutrition
is estimated to be a contributory factor in more than a
third of deaths of children younger than 5 years.” This
MDG is not expected to be achieved by 2015 because the
proportion of people in developing regions who are
undernourished has plateaued at 16% in 2005-07, down
from 20% in 1990-92.7

Technology has provided some solutions to tackling of
malnutrition. The green revolution of the 1960s and 1970s
combined effective use of agricultural techniques (includ-
ing pesticides, fertilisers, and irrigation) with use of
improved crop varieties, and concentration of production
in fertile areas greatly increased food production in Asia
and South America. However, sub-Saharan Africa, with
small-scale farming and poor land and water resources,
did not benefit. As a result, all sub-Saharan countries
except Ghana will miss MDG target 1C. Ghana will achieve
the target because of the focus of its Government on
improvements in agriculture, with almost 10% of the
national budget devoted to this aim. This approach has
helped to increase output of staple crops such as cassava,
production of which trebled from 1989 to 2009.%

Aside from such funding commitment, agricultural
technology is needed that will provide benefit in the
harshest, least productive environments. A good
example of such technology is new rices for Africa,
which are rice strains that combine disease resistance
and drought tolerance of African rice (Oryza glaberrima)
with the high yields and fast growth of Asian rice
(Oryza sativa).* First introduced in 1996, more than
300000 hectares of this rice are now grown in west,
east, and central Africa.
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Dietary deficiencies in low-income countries are not only
about too few calories, but also not enough key
micronutrients such as vitamin A, iron, and zinc. Such
deficiencies can exacerbate health risks. For example,
pregnant women with iron and vitamin A deficiencies
have high rates of mortality.* Biofortification—the
development of staple crops that are rich in micro-
nutrients—can provide a solution. A combination of
selective breeding and bioengineering enables the creation
of crops such as an orange-fleshed sweet potato, rich in
B-carotene, which when fed to primary school children
increases vitamin A. HarvestPlus (Washington, DC, USA),
a joint venture between the International Centre for
Tropical Agriculture (Colombia) and the International
Food Policy Research Institute (Washington DC, USA),
calculate that this sweet potato could be used in Uganda
for less than $5 per disability-adjusted life-year saved.”

An alternative to crop modification is use of vitamin
supplements. Vitamin A supplements distributed by
female community health workers have helped to reduce
child mortality in Nepal.” Some African countries have
more than 80% coverage of vitamin A supplementation,
although less than 50% of people take supplements in
South Africa, Mozambique, and Namibia.*

Goal 7C is to halve, by 2015, the proportion of the
population without sustainable access to safe drinking
water and basic sanitation. As with malnutrition, unsafe
drinking water and inadequate sanitation are key deter-
minants of poor health. The target for increasing access
to safe drinking water has already been met; as of 2010,
89% of the world’s population had access, which is up
from 77% in 1990.” This proportion is expected to rise to
92% by 2015, although access is still a challenge for poor
people living in rural areas. By contrast, improvements
in basic sanitation have been disappointing. At current
rates of progress the target of 77% of the world’s
population having access to flushing toilets or other
forms of improved sanitation will not be met until 2049.

Technological solutions are needed in several areas. One
application is to improve emptying of pit latrines, which
restricts their sustainability and safety in low-income and
middle-income countries, especially in densely populated
areas where space to dig new latrines is scarce.” A project
led by the London School of Hygiene and Tropical
Medicine (UK) is investigating one innovative solution, by
using worms (Eisenia fetida) to degrade faecal matter and
keep latrines functioning for longer.”* Another challenge
is to develop portable sanitation that can be rapidly
deployed in disaster zones such as post-earthquake Haiti,
where existing sanitation systems have been destroyed
and large populations were made homeless for weeks or
months. Another need is the development of improved
sanitation for areas that have high water tables and are
subject to flooding, which could wash stored faecal matter
into drinking water sources.

Sanitation has an effect across MDGs—for example, it
can help to reduce deaths from diarrhoea in children.
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When combined with better hygiene practices and
improved drinking water it can reduce deaths from
diarrhoea by 65%.” Sanitation is also needed to comple-
ment mass drug administration for control of some
neglected tropical diseases (panel 6).

Non-communicable diseases
The MDGs represent the prevailing health problems of
the time. In 2004, HIV/AIDS, perinatal conditions, and

Panel 5: Diagnostic tests for tuberculosis

The most common diagnostic test for tuberculosis was sputum microscopy, yet it misses
half of all cases and cannot detect drug resistance or diagnose whether a patient has both
HIV and tuberculosis. Therefore, an improved simple diagnostic test for tuberculosis is
needed, with a 2006 study® estimating that a test for active infection could save about
400000 lives in ayear.

In 2010, the Xpert MTB/RIF diagnostic test was launched with endorsement by WHO. This
fully automated nucleic acid amplification test provides results in less than 2 h with good
sensitivity and specificity, including identification of whether the bacteria are resistant to
rifampicin, a first-line drug for tuberculosis, in nearly 98% of cases.® However, Xpert
MTB/RIF needs a power supply, has operating temperature and humidity restrictions, and
uses consumable cartridges. These limitations make the test costly—even with price
reductions for low-income countries the instrument price (with associated computer) is
US$17 000 and each cartridge costs $14 in 2012.% These constraints mean that, as the
WHO recognises, although Xpert MTB/RIF “may bring diagnosis closer to patients, it is
not a point-of-care assay”.” A cheaper, truly point-of-care test, which does not require
infrastructure, is still needed.

Panel 6: Sanitation and drug delivery interventions to prevent neglected
tropical diseases

Neglected tropical diseases are a group of chronic, debilitating conditions that are an
obstacle to socioeconomic development and productivity of vulnerable and
disadvantaged communities.* They have been estimated to cause 534 000 deaths yearly,
mainly affecting rural areas in low-income countries.*”

The transmission of many neglected tropical diseases, such as schistosomiasis,
soil-transmitted helminths, and trachoma, is directly associated with poor sanitation and
water quality. Much has been done to develop technically effective sanitation for
low-income communities, as well as effective ways of ensuring acceptance of these
technologies within the community and long-term sustainability. However, the
performance of different sanitation technologies for reduction of neglected tropical
diseases has not been quantitatively assessed at the community scale. Likewise,
operational research and resources have been devoted to development and
implementation of drug delivery programmes for such diseases, which have substantially
reduced morbidity. However, to completely eliminate neglected tropical diseases in
afflicted communities, a combined effort is needed involving drug administration and
environmental improvements, such as improved sanitation and hygiene.

Multidisciplinary work at Imperial College London (UK) aims to address these gaps in
knowledge through quantitative assessment of neglected tropical diseases and case
studies monitoring existing programmes. Epidemiology, sanitation engineering, and
broader management of environmental quality are all being considered. The result will be
the development of recommendations for policy makers, programme managers, and
community leaders to achieve the most cost-effective, sustainable, multidisciplinary
control strategies for these diseases. Such multidisciplinary research should be encouraged.
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diarrhoeal diseases were all in the top ten causes of
disability-adjusted life-years. By 2030 the effect of these
conditions will have fallen substantially (figure 3),
suggesting that although most of the MDGs will not be
achieved in time, substantial progress will have been
made.” However, other causes of illness will have in-
creased in importance, especially heart disease, chronic
obstructive pulmonary disease, and diabetes mellitus.

The greatest health challenge in the future will be the
effect of these non-communicable diseases. In 2008,
36 million people died from such diseases, which is 63%
of total deaths. Deaths from non-communicable diseases
are projected to rise to 52 million by 2030, an increase of
more than 40%."” Most deaths are of poor people—in
2005, 80% of deaths caused by chronic disease (a category
that largely overlaps with non-communicable diseases,
although the term is being used less frequently as better
health care makes some communicable diseases, such as
HIV/AIDS, longlasting) were in low-income and middle-
income countries.” Poor people are thus set to face a
double disease burden of non-communicable diseases
alongside communicable diseases.

The challenge of non-communicable diseases is such
that the UN General Assembly held a high level meeting
in September, 2011, which was only the second such
meeting on a health topic in its history (the previous
meeting was for HIV/AIDS). The resolution adopted by
the General Assembly called for recognition that “the
rising prevalence, morbidity and mortality of non-
communicable diseases worldwide can be largely
prevented and controlled through collective and multi-
sectoral action by all member states and other relevant
stakeholders at local, national, regional, and global levels,
and by raising the priority accorded to non-communicable
diseases in development cooperation by enhancing such
cooperation in this regard”.

Does technology have a large role in prevention and
control of non-communicable diseases? At first, one
might think not—technological developments have led
to more sedentary lifestyles and (notwithstanding the

2004

Lower respiratory tract infections
Diarrhoeal diseases

Unipolar depressive disorders
Ischaemic heart disease
HIV/AIDS

Cerebrovascular disease
Prematurity and low birthweight
Birth asphyxia and birth trauma
Road traffic accidents

Neonatal infections and other*

COPD

Refractive errors
Adult-onset hearing loss
Diabetes mellitus

2030 Change
1 1 | Unipolar depressive disorders +2
2 2 | Ischaemic heart disease +2
3 3 | Road traffic accidents +6
4 4 | Cerebrovascular disease +2
5 5 | COPD +8
6 6 | Lower respiratory tract infections -5
7 7 | Adult-onset hearing loss +8
8 8 | Refractive errors +6
9 9 | HIV/AIDS 4
10 10 | Diabetes mellitus +9
13 11 | Neonatal infections and other* -1
14 12 | Prematurity and low birthweight -5
15 15 | Birth asphyxia and birth trauma -7
19 18 | Diarrhoeal diseases -16

Figure 3: Projected changes in rankings of leading causes of disability-adjusted life-years 2004-30

Data taken from WHO.*® COPD=chronic obstructive pulmonary disorder. *Includes other non-infectious causes
arising in the perinatal period, apart from prematurity, low birthweight, birth trauma, and asphyxia.
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challenge of MDG 1C) more widespread availability of
processed foods high in saturated fat and sugar, which
are two of the primary causes of the burden of these
diseases. Furthermore, as the resolution makes clear,
many measures are designed to change behaviours, such
as exercising more and giving up smoking; technology
seems to have little to contribute.

However, technology can help to support behaviour
change. For example, results of a UK study"® show that
cessation of smoking is twice as successful if people
receive supportive and encouraging text messages (311 of
2911 people in the intervention group had biochemically
verified continuous abstinence from smoking at
6 months vs 141 of 2881 people in the control group). By
2030, more than 80% of worldwide deaths from tobacco
will occur in low-income and middle-income countries,
so aids for smoking cessation are desperately needed.
With some adaptation and, if required, translation, text
message interventions could easily be trialled in a
developing country to test whether this approach is as
effective in that setting.

Even in addition to behaviour change, technology does
have a role. The UN resolution recognises the need for
member states to “contribute to efforts to improve access
and affordability for medicines and technologies in the
prevention and control of non-communicable diseases”.
One medicine that could help to reduce the burden of
non-communicable diseases is the cardiac polypill (con-
taining aspirin, a 3 blocker, a statin, and an angiotensin-
converting enzyme inhibitor). This polypill has potential
to reduce ischaemic heart disease, set to be the second
highest cause of disability-adjusted life-years by 2030. As
with fixed-dose HIV drugs, combination of multiple
active agents in one pill helps to increase compliance. A
trial has shown that treatment with this polypill reduces
systolic blood pressure and concentration of LDL
cholesterol, and could reduce cardiovascular risk by more
than 50%, offering substantial benefits to a population at
high-risk of cardiovascular disease.® The polypill could
be the technological element—alongside reduced tobacco
consumption, more exercise, and healthy diet—of a four-
pronged strategy to reduce the global burden of cardio-
vascular disease."™

As well as the general statement about medicines and
technology, the UN resolution also specifically mentions
the benefits of technology for vaccinations to control
cancer (eg, human papillomavirus vaccine for prevention
of cervical cancer and hepatitis C virus vaccine for
prevention of liver cancer) and, through comprehensive
screening programmes, for detection of cancer at an early
stage. In high-income countries, cervical and breast
cancer mortality have been reduced by early detection.”
Cervical cytology screening has not been feasible in low-
income and middle-income countries because it needs
pathology laboratory infrastructure and multiple follow-
up visits.”™ However, a study™ in rural India shows that
human papillomavirus DNA testing reduced mortality
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and was more effective than was cytological testing or
visual inspection with acetic acid. At the time, such testing
was expensive ($20-30) and results were not rapid, but the
availability of the cheaper careHPV test—which gives
results in less than 3 h—enables scale-up of testing,
followed by cryotherapy with CO,, in a screen-and-treat
approach in resource-poor settings."™™

For breast cancer, mammography screening is too
expensive and requires skilled staff who are not available
in the poorest settings.">™ Instead, clinical breast exam-
inations can reduce mortality if basic histology, imaging,
and surgery services are made available.™ To support this
approach, capacity for diagnostic ultrasound needs to be
improved, as does preparation of histology specimens
(either manually or automated) for haematoxylin and
eosin staining and immunohistochemistry.™ Mastec-
tomies will be the most common operations in low-
income and middle-income countries, since radiotherapy
will usually be unavailable as an adjuvant for breast-
conserving surgery."

Road traffic accidents and mental health are gaining
prominence. Road traffic accidents are projected to be
the third highest cause of disability-adjusted life-years by
2030, with almost twice the disease burden of HIV/
AIDS.” Yet, road traffic accidents have received little
attention from health professionals, and have conse-
quently been described as a neglected epidemic.”” This
disregard has partly changed with the announcement
that 2011-20 is the UN decade of action for road safety
and the establishment of a worldwide road safety fund.

These initiatives provide the perfect platform for the
development of technologies to reduce the likelihood and
mitigate the consequences of road traffic accidents in
resource-poor settings. More than 90% of deaths from
such accidents take place in low-income and middle-
income countries despite these countries having only
48% of the world’s vehicles.”™ The different profiles of
road users in these countries (eg, motorbike use is more
frequent and vehicles and pedestrians interact much
more in low-income and middle-income countries than
in high-income countries) means that approaches to
road safety from high-income settings do not transfer
easily.” Development of appropriate new technologies is
needed to reduce both the likelihood and effect of road
traffic accidents. One example is the low-technology
child restraint car seat discussed in WHO’s compendium
of new and emerging health technologies.”

Although focus on road traffic accidents has increased,
mental health still receives scant attention. WHO sug-
gests that there is “no health without mental health”.””
However, 75-85% of people with a mental health dis-
order in low-income and middle-income countries do
not receive treatment.” Yet, mental health needs in such
settings are substantial; unipolar depressive disorders
are projected to be the leading cause of disability-adjusted
life-years worldwide by 2030. Suicide was the fourteenth
most common cause of death in 2002.
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WHO’s mhGAP intervention guide for mental, neuro-
logical, and substance misuse disorders in non-
specialised health settings™ tries to address the current
treatment shortfall by setting out interventions for
resource-poor settings. Technology can play a part here—
for example, anti-depression medication can be effective
if made available. Studies™ suggest that drug treatment
for depression is much the same as antiretroviral
treatment for HIV/AIDs or glycaemic control for diabetes
as a cost-effective way to reduce disability-adjusted life-
years. Treatments based on human interaction are the
most challenging to provide in resource-poor settings,
but technology could provide solutions through tele-
medicine counselling or computerised cognitive behav-
ioural therapy. The present evidence for the effect of
computerised cognitive behavioural therapy on depres-
sion is positive, but not rigourous,”” and has only been
done in high-income countries. Therefore, research is
warranted into the effectiveness of computerised cog-
nitive behavioural therapy in resource-poor settings.

Such research should consider the issue of different
cultural responses to therapy. A study” of cognitive
behavioural therapy for treatment of mental health
problems in Pakistan has shown that this approach has
practical drawbacks, such as little consultation time
and the difficulties of translation of phrases such as
“negative thoughts” into Urdu or other local languages.
However, even if these problems can be overcome,
major cultural barriers exist for acceptance of use of
cognitive behavioural therapy, including poor engage-
ment of the patient with therapy and the belief that
mental health problems could be solved by spiritual
healers. These cultural issues mean that mental health
is an area that could particularly benefit from the
development of frugal technology.

Overcoming barriers that prevent technology
making a greater contribution to global health
Technology is not a panacea for the world’s health
problems and does not obviate the need for more health-
care professionals, although it can sometimes be a
substitute for local expertise (panel 7). Furthermore,
technology cannot replace public health campaigns such
as improved hygiene practices or encouragement of
breastfeeding. However, it could do more. Three funda-
mental barriers exist to the greater use of technology
(figure 4). First, the necessary technology is not
available—no vaccine, drug, or medical device exists that
is suitable for use in a resource-poor setting. Second, the
technology exists, but is not accessible. This barrier is
often caused by price, but it could also be because of
other reasons, such as problems with distribution,
energy supply, or inadequate human resources. Third,
issues of acceptability and inertia; technology is not
always used, even when accessible. Overcoming these
barriers is crucial if the potential of technology for global
health is to be realised.

A water pump
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Panel 7: Technology enabling health-care expertise to be shared

Technology can enable remote sharing of expertise from high-income countries. Two
examples stand out—telemedicine and the use of virtual reality environments (eg, Second
Life). Telemedicine is the use of information and communications technologies to deliver
health care at a distance. Asynchronous telemedicine is the sharing of information at
different times—for example, a radiograph shared with a specialist who then reviews and
sends a response via email. Synchronous telemedicine takes place in real-time—for
example, a videoconference between patient and doctor.””

Dermatology is making use of telemedicine in high-income countries. The African
Teledermatology Project is extending this approach to sub-Saharan Africa; health-care
workers take photographs of skin conditions and upload them for later review by an
expert in Europe, Australia, or USA. In 2 years from February, 2007, 345 cases were
reviewed in the project, which also has a focus on sharing educational material to improve
dermatological care."”®

Effective treatment of cancer requires specialist expertise. Tele-oncology can have a role
here, enabling resource-poor settings to draw on expertise from cancer centres in
high-income countries if internet access is available.” For example, outcomes for acute
lymphoblastic leukaemia have improved with the Cure4Kids twinning programmes at

St Jude Children’s Research Hospital (Memphis, TN, USA), which uses teleconferencing.”

Low-cost online virtual reality environments offer the possibility to move beyond offering
advice to the creation of interactive training environments. Studies in high-income
countries show that virtual environments can provide highly effective, reproducible
learning environments at a fraction of the cost of real-world simulations.” These
principles are now being applied in a project by Imperial College London (UK) to assess the
feasibility of training doctors from Malawi. Virtual environments offer the possibility of
sustainably transferring skills and building capacity in resource-poor settings as an adjunct
to existing training rather than merely offering a substitute from high-income countries.

Barrier 1 Barrier 2 Barrier 3
Necessary technology Technology exists, but is Accessible technology is
does not exist not accessible not adopted

Funding issues
Insufficient funding devoted to
develop necessary technology

Push factors
Decrease cost to developer

Pull factors
Increase potential reward
for developer

Scientific issues
Necessary scientific breakthroughs
notyet achieved

\

Cost
The cost of the technology is
too high for widespread adoption

Challenges of distribution

Inadequate human resources

Unreliable energy supply

Cultural resistance
Technology conflicts with
prevailing tradition

Human inertia
Reluctance to change practices to
benefit from a new technology

Figure 4: Barriers to greater use of technology for global health

Absence of necessary technology

Necessary technology can be absent because a scientific
breakthrough has not yet been achieved. The clearest
example of this barrier is a vaccine for HIV. Concerted
attempts are being made to develop the necessary tech-
nology and no obvious barriers need to be addressed.
However, cases of scientific limitation are rare. More
common is a dearth of development of technology for
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low-income and middle-income countries because such
countries do not have the resources to pay. Thus, for
health problems that mainly affect poor people in
developing countries, private sector companies might be
reluctant to develop technologies because the return on
their investment will be low. This effect is exemplified by
the market for new drugs; from 1975 to 2004 only 1-4% of
new drugs were designed to combat malaria, tuberculosis,
or the most neglected tropical diseases such as Chagas
disease or schistosomiasis.

The development of the necessary health technologies
should be encouraged. Approaches to do so can be
divided into two broad categories: push factors, which
reduce costs of research, development, and production to
industry, and pull factors, which reduce costs through
novel financing approaches and market signals (signs
that a market exists for a technology), which create an
incentive for the private sector to develop necessary
technologies by guaranteeing, or increasing the likeli-
hood, that they will recoup their investment.”

The most common push mechanism is the product
development partnership, in which funders such as
research councils share the costs of research and
development with private sector companies. A good
example of a product development partnership is the
Malaria Vaccine Initiative, which uses funding from the
Bill & Melinda Gates Foundation to support partnerships
with universities, biotechnology businesses, the US
military, and pharmaceutical companies,” including
partnership with GlaxoSmithKline to share the costs
of trials of the RTS,S vaccine. Another innovative
university-led product development partnership is the
CD+4 Initiative (panel 8).

The Grand Challenges in Global Health initiative is
another push funding mechanism."® The initiative sets a
series of challenges, such as development of vaccines
that do not need refrigeration or creation of strategies
to reduce populations of disease-transmitting insects.
Grants are given to researchers contributing to tackling
one of these challenges. Other examples of push
approaches include funding of research by donor organ-
isations (such as the Drugs for Neglected Diseases
Initiative) that is then available to all, or the greater use of
patent pooling, making patented technologies available
for further development, such as the creation of
paediatric or fixed-dose formulations."”

Push funding is generally focused on early stage research
and development, for which the risks for the private sector
are greatest. However, in Africa, push funding could help
commercialisation of frugal technologies. A study™ has
identified 25 promising technologies, such as a Ghanaian
point-of-care diagnostic test for urinary schistosomiasis.
These technologies have not yet been commercialised,
principally because of a shortfall of funds to support
proof-of-concept studies and development of prototypes.
Capital for commercialisation of new technologies should
be made available but private companies have been
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understandably unwilling to invest in African countries,
many of which have a history of poor government, war,
and instability. In the absence of private investment,
development non-governmental organisations have an
opportunity to invest in health technology industries in
low-income and middle-income countries.

One inexpensive pull mechanism is to establish and
publicise the need for a particular medical technology.
For example, a working group established by WHO and
the World Federation of Societies of Anaesthesiologists
wrote requirements, on the basis of international stand-
ards, for oxygen concentrators to be used in resource-
poor settings. To meet the specifications, concentrators
need to operate at temperatures of up to 43°C, a relative
humidity of 90-95%, and altitudes of up to 4000 m above
sea level as well as other requirements. WHO also
produced reports about the use of machines that meet
these specifications, discussing why they were needed.'”
The immediate response was positive: three manu-
facturers produced devices to WHO specifications that
were tested in many countries. However, the long-term
effect has been less impressive; when the models were
retired a few years later, newer models ignored WHO
specifications, perhaps because of the extra cost, or
because newer standards were issued by other standards
organisations with an aim to target wealthier markets."

Other attempts to specify requirements of a technology
have had similarly little success. The World Health
Imaging System for Radiography was an initiative of
WHO to establish the key performance criteria of a basic
radiology system that would be better than no radiology
system. However, since the recommendations were
released in 1993, fewer than 2000 units have been installed
and fewer than 700 are estimated to still be working." This
number is less than 1% of the 80000 radiology systems
needed worldwide, according to the estimates of the World
Health Imaging, Telemedicine and Informatics Alliance.*

In another example, a WHO committee established
technical specifications for a blood pressure monitor for
low-resource settings. Although such a monitor—the
solar-powered Omron HEM-SOLAR—has been developed
and should be beneficial, it did not meet WHO’s specified
performance for measurement of diastolic blood pressure
and, most importantly, has a retail price of €25 although
the specification was for a price of less than €20.4

These examples suggest that specification alone is
insufficient; some funding is necessary to encourage
development of sustainable, affordable technologies.
Engineering World Health have sought to take this
approach on a small scale with their Projects that Matter
design competition in which successful designs, typically
from bioengineering students, can receive $150 to build
prototypes.”” To motivate private sector companies and
large research institutions much greater sums are needed,
such as the $10 million prizes of the X Prize initiative.**
The two current X Prizes in life sciences—for rapid
genome sequencing and high-end m-Health applications—
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Panel 8: The CD4 Initiative

The best way to decide when to start antiretroviral therapy for HIV/AIDS is by CD4 cell
count.” When this count falls below a threshold, therapy is started. This approach is
current practice in high-income countries where access to diagnostic services is
widespread. In low-income and middle-income countries, HIV/AIDS care is largely
decentralised to rural health-care clinics, which often have little infrastructure for support
and services. Consequently, many diagnostic services, if available at all, are at larger district
or general hospitals. Patients must either attend these clinics in person or blood samples
are sent to a larger clinic, resulting in a delay of up to 4 weeks. In countries with little or no
public transport and a population with no money to access transport, sending blood
samples is more common. However, up to half of patients do not return to receive their
test results and many other results are lost or delayed. As a result, many patients default
from care and often only return when they are very sick and when antiretroviral therapy
therapy is least effective. A simple point-of-care CD4 test would provide physicians with
instant results for treatment decisions and prevent loss to follow-up.=®

The CD4 Initiative is developing new point-of-care tests for CD4 cell count that are simple
to use, need no electronic instrumentation, are cheap, and deliver results in less than

2 h.*’The Initiative does not try to modify technology used in high-income settings

(eg, by making technology smaller and more portable) but rather to develop a new frugal
technology. Test specifications were set after consultation with health-care workers in
resource-poor countries and an open call for proposals was established. From an initial
group of six academic and private sector partners, one company, Zyomyx (Fremont, CA,
USA), has developed a simple CD4 cell count test that provides results in less than 10 min
using a fingerprick of blood and without electronic instrumentation. The test is starting
field trials in Malawi and Uganda. The CD4 Initiative model could be replicated for other
global health priorities that need innovative and sustainable solutions.

are not aimed at improvement of health care for people in
resource-poor settings, although a prize for point-of-care
diagnosis of tuberculosis has been proposed. Another pull
mechanism with substantial financial draw is global
financing instruments, such as the Global Fund to Fight
AIDS, Tuberculosis, and Malaria, which provided large
amounts of external financing for new technologies."

An example of a pull mechanism that does not need
large donor backing is the priority review voucher issued
by the US Food and Drug Administration (FDA) if they
approve a drug for a neglected disease, an approach
introduced in 2008. Such vouchers, by enabling expedited
FDA review, could be worth as much as $300 million if
used to secure rapid licensing for a blockbuster drug
applicable to high-income settings.” The only priority
review voucher awarded so far was for a malaria drug
that had been on the market outside the USA for several
years, so it did not stimulate the drug’s development.™
However, in view of the length of time necessary to
develop new drugs, it is too early to assess whether this
scheme will stimulate the development of new drugs
needed for poor countries.

The most high profile pull mechanism is advanced
market commitments. The first such commitment
was established in 2006 for a pneumococcal vaccine
(pneumococcal disease kills 800000 children per year),
with $1-5 billion funding from Italy, Norway, UK, Canada,
Russia, and the Bill & Melinda Gates Foundation. The
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Testing for sickle-cell disease

commitment established a set price for any vaccine that
met the specified requirements, guaranteeing a future
market for vaccine producers and removing much of the
risk of product development. Vaccines meeting these
requirements have been developed by GlaxoSmithKline
(Synflorix) and Pfizer (Prevenar-13), and a vaccination
programme has been rolled out worldwide. The Central
African Republic, Benin, and Cameroon have benefited
most recently.”

This first advanced market commitment has sparked
debate about the effectiveness of the approach.” The
choice of pneumonia from the six proposed diseases (the
others were cervical cancer, rotavirus, HIV/AIDS, tuber-
culosis, and malaria) meant that the pilot was for a
vaccine that was already well developed.”™ An advanced
market commitment for an early-stage vaccine, such as
tuberculosis, needs to be tried before a judgment can be
made about the potential of these devices for stimulation
of research and development for health needs specific to
low-income and middle-income countries. The approach
could also be tried for a non-vaccine issue. One area for
consideration is a rapid and inexpensive test for sickle-
cell disease (panel 9).

Inability to access technology

The pneumonia advanced market commitment seems to
have been beneficial for overcoming the second barrier to
greater use of technology: making technology affordable
and accessible to low-income and middle-income coun-
tries. Nicaragua—the first country in which the vaccine
was rolled out, in December, 2010—had access to the
Prevenar-13 vaccine just 10 months after it was approved
for use in USA. Generally, 10 years or more are needed
before a vaccine approved for use in high-income countries
is deployed in resource-poor settings. The advanced
market commitment is also very popular in low-income
countries, who pay $0-15 per dose, with the GAVI Alliance
paying the rest (the price of the vaccine is set at $3-50 per
dose, with the advanced market commitment funding a
doubling of the price received by the supplier to $7 per
dose), and as a result additional funding has been made
available by the GAVI Alliance to support rollout.

Panel 9: A test for sickle-cell disease for resource-poor settings

Sickle-cell disease is the most common genetic disorder in Africa. Patients are vulnerable to
other diseases and 50-80% of the 400 000 children born in Africa each year with sickle-cell
disease die before their fifth birthday.’* However, if cases are diagnosed and treated, as has
happened in Benin, then survival rates improve significantly.”* Work is ongoing to improve
treatment; a study in Tanzania is investigating the use of the chemotherapy drug
hydroxycarbamide to reduce anaemia in people with sickle-cell disease.”®

One of the key challenges is the scarcity of laboratory infrastructure to test for sickle-cell
disease in many low-income and middle-income countries. A cheap and rapid diagnostic
test is needed that can identify sickle-cell disease in resource-poor settings. The best way to
fund research and development of such a test should be considered; a product development
partnership might be beneficial, or an advanced market commitment could be tried.
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Concerns still exist that advanced market commitments
have not provided value for money and that vaccines
could have been procured more cheaply by conventional
UNICEF tender procedures.* Furthermore, how non-
GAVI eligible countries (those with an income per head
of more than $1500, which includes many middle-income
countries) can afford to buy the vaccines is unclear.
Nonetheless, by increasing access to the vaccine the
advanced market commitment seems to have been
successful.

The pneumococcal vaccine project shows that the key
to making technology accessible is to make the final price
as low as possible. In 2009, total spending on pharma-
ceuticals in the USA was $956 per person.' By contrast,
in 2006, expenditure of the 49 lowest income countries
on all health care was only $25 per person,” necessitating
a concerted effort to produce affordable health tech-
nologies for low-income and middle-income countries
and to address factors that might hinder the design and
production of such technologies.

Most patent applications for health technology are
from from companies, institutions, and individuals in
high-income countries (figure 5). The role of patents in
the development and availability of health-care tech-
nologies has been much debated, with polarised views in
relation to its effect on access to and pricing of innovative
treatments. Detailed discussion of intellectual property
and patent systems, and their potential benefits and
disadvantages, is beyond the scope of this report. Briefly,
detractors claim that patents cause beneficial health-care
technologies to be too expensive for people in resource-
poor countries, thereby reducing access, whereas propo-
nents assert that patents are essential for health
technology companies, who will not invest in lengthy
research and development programmes without assur-
ance that they will have a period of protection of their
intellectual property to recoup their investment. The
debate on intellectual property and patents became
highly polarised in the 1980s and 1990s, fuelled by the
requirements of the World Trade Organization agreed in
1994, that its members (including most low-income and
middle-income countries) must abide by agreements for
trade-related aspects of intellectual property rights, which
require that patents for new inventions be for 20 years
from when the patent is filed and cover both processes
and products. Before this agreement, many countries
excluded sectors such as the pharmaceutical industry
from patent protection, provided short-term patents
(eg, in India patents lasted 5-7 years), or only had process
patents, allowing reverse engineering to create the same
product by a different means.”® The subsequent Doha
Declaration in 2001, responded to concerns that trade-
related aspects of intellectual property rights could
adversely affect public health by clarifying flexibilities,
such as the use of compulsory licences by countries,
enabling a third party to legally produce patented prod-
ucts to address a national health emergency.
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I Medical device patents
Il Pharmaceuticals patents
[ Selected OECD countries
[ Rest of the world

59778 68695
Selected OECD countries*

41758 40155
Rest of the world

Figure 5: Country of origin of patent applications

OECD=0rganisation for Economic Co-operation and Development. *Australia, Canada, Switzerland, Finland, France, UK, Italy, South Korea, Netherlands, and Sweden.

Evidence for the importance of patents is debated.
One study™ from 2003, showed that only 17 of the
319 medicines classified by WHO as essential for low-
income and middle-income countries could be patented
in developing countries, although it has been criticised
for selection bias because the WHO essential medicines
list contains mainly off-patent low-cost drugs.”® Only
31% of possible cases had a patent, presumably because
of the tradeoff between the complexity and cost of getting
a patent compared with the potential market and the
perceived protection afforded by such a patent.

MDG 8E advocates better cooperation between the
public and private sectors to improve access to affordable
drugs in developing countries.” Although this cooper-
ation has successfully reduced costs of firstline HIV
regimens, the costs of second-line regimens ($572-1545
per person per year in low-income and middle-income
countries for key regimens)" and novel biotechnology
products such as pegylated interferon remain high. In
addition to the increased cooperation envisaged in
MDG 8, innovative financing could improve access to
novel technologies. Two strategies seem especially
promising. First is the development of pricing mechan-
isms that enable research and development costs to be
recouped separately, rather than passing them on to low-
income country purchasers. Second is tiered pricing,
which is currently used for many innovative products,
whereby pharmaceutical companies price their new
products on the basis of a countries’ purchasing power
parity, so that the drug is more affordable in resource-
poor settings.

www.thelancet.com Vol 380 August 4, 2012

International issues of patents and lack of research into
tropical diseases suggest that a solution is needed to
improve research and development for technologies for
health. Since 2003, a series of attempts have been made
to reach a global consensus, including an independent
Commission on Intellectual Property Rights, Innovation
and Public Health.*® These efforts have culminated in
the publication of a report by WHO’s Consultative
Expert Working Group on Research and Development:
Financing and Coordination, which calls for the estab-
lishment of a research and development convention that
will address financing, coordination, and governance.
Although intellectual property and financing of research
and development for neglected topics are still challenging
issues in global health diplomacy,™ an international
convention has the potential to provide the needed
comprehensive global approach, by establishment of
binding obligations and commitments, such as the
proposal that all countries spend 0-01% of GDP on
government-funded research to meet the health needs of
developing countries, which equates to $6 billion a year.
The 2012 World Health Assembly has resolved to consult
members on the feasibility of the report’s conclusions.

Product standards are less high profile than are patents,
but are also important. International standards for some
health technologies are inappropriate for low-income
countries. For example, international standards require
defibrillator batteries to operate at —10°C (not a common
temperature in tropical regions). Such specifications
increase production costs for products destined for
markets in low-income and middle-income countries.
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Baby in an incubator

International standards organisations such as the Inter-
national Electrotechnical Commission and International
Organization for Standardization need to give greater
consideration to the needs of low-income countries and
engage more members from resource-poor environments
when establishing standards.

How can the cost of technology be kept low? Although
much modern medical technology is costly (eg, one
multivault proton therapy unit for cancer treatment costs

many resource-poor countries,™ and even technology
common in high-income countries, such as CT scanners,
is prohibitively expensive at $1 million to $2-5 million),
costs can be lowered. One alternative to purchasing the
latest equipment, which is both cheap and environmentally
friendly, is to recondition existing equipment, for example,
neonatal incubators in Nigeria (panel 10).

Another strategy is to develop frugal technology that
cannot compete with high-end devices but meets most
medical needs. Voltaire noted that “the perfect is the
enemy of the good”” and it is sometimes necessary to be
pragmatic and accept that although an approach might
not be as good as that used by a specialist in a tertiary
hospital in Europe, it still has potential to improve health
and save lives. Economists use the notion of incremental
or marginal cost-effectiveness, which assesses whether
the benefits of upgrading to the next most expensive
product or technology outweighs the costs.” This method
fits with the stepwise approaches typically used by WHO

Panel 10: Recycling neonatal incubators in Nigeria

Neonatal incubators are used to maintain the temperature of pre-term infants, who are at
risk of hypothermia. The latest incubators are expensive, costing between £25 000 and
£30000.” A separate neonatal incubator is needed for each pre-term infant and in
Nigeria, with its rapidly growing population, a typical tertiary hospital needs 20 or more
incubators. However, a total cost of more than £500 000 is unaffordable.

In a study in that country, obsolete incubators were upgraded with generic components
sourced from the internet.’*® Performance of the recycled incubators over 6 months was
compared with modern incubators with neonatal clinical assistants assessing how well
the incubators functioned on the basis of ten performance measures.

Overall scores for the modern and the recycled incubators were very similar for the ten
indicators (65:8% vs 65-9%). Modern incubators had better heating transient response, were
less noisy, had fewer problems with humidification, and looked better than did recycled
incubators. By contrast, the recycled incubators were better for ease of maintenance,
response to high ambient temperature, and coping with an erratic power supply.

The cost of recycled incubators was 20% of that of modern incubators and the costs of
maintenance were 25%. Not having enough money was cited by clinicians and
administrators as the principal reason (68% of survey respondents) for not having
sufficient numbers of incubators in neonatal units in Nigeria, thus, the recycled machines
have potential to increase the availability of incubators in the developing world.

Results of a 6 year follow-up study show that recycled incubators were viewed very
positively by health-care staff, with 88% of those surveyed viewing them as the main
reason for the fall in neonatal mortality in the period.’* At the time of the follow-up
study, 74% of functioning incubators in the main Nigerian hospitals were recycled.
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$150 million, exceeding the entire annual health budget of

to account for the resources of a health system. Such an
approach can lead to the development of technologies
specifically designed for the needs of the market—for
example, Zhongxing Medical in China. Many hospitals
in China cannot afford expensive imported radiography
devices and so Zhongxing Medical produced their own.
The device could only do routine chest radiographies, but
cost 5% of imported machines, and as a result Zhongxing
have captured 50% the Chinese radiography market.”
Brazil, Russia, India, and China could help to make
health technologies more affordable. Production of
health technology in these countries is substantially
lower than in developed countries because of the lower
costs of labour, less stringent regulation (although this
aspect is changing; India has more FDA-approved pro-
duction facilities than any country other than the USA),
and lower construction costs for manufacturing facilities
(vaccine production plants in developing countries
typically cost less than $100 million, compared with a
cost of $200 million to $400 million in developed
countries).” As a result, multinational companies such
as Johnson and Johnson and Bayer are manufacturing
a wide range of medical devices in China, such as
anaesthesia machinery, pacemakers, and imaging
equipment.” Like China, Brazil has developed a thriving
health equipment manufacturing sector and now 73% of
the country’s medical device needs are produced in
Brazil.” The growth of a health technology sector has
stimulated innovative new designs such as a portable
haemoglobin monitor, a test for intestinal parasites, and
a phototherapy unit for jaundiced babies that could
benefit low-income countries. Only the UK and the USA
provide more products in WHO’s compendium of new
and emerging health technologies than does Brazil.”
India—a low middle-income country with a huge
health burden—has also been developing a thriving
medical device and pharmaceutical industry. It has
various medical device manufacturers with some that
copy and modify the designs of existing products,
whereas others, such as the Sree Chitra Tirunal Institute
for Medical Sciences & Technology, Trivandrum, develop
new devices, such as an artificial heart valve and a
hydrocephalus shunt.” India has been described™ as the
“pharmacy of the developing world” and with good
reason: its ten manufacturers of generic antiretroviral
drugs account for nearly 90% of the donor-funded market
share. In 2008, 96 of the 100 countries that reported
purchasing antiretroviral drugs bought generic drugs
from India.” The country has the potential to make other
affordable generic drugs such as the cardiac polypill for
less than $0-20 for a daily dose, making it accessible to
other developing countries.” Finally, India is a world
leader in low-cost vaccine production. When the
Meningitis Vaccine Project was looking for a production
partner, multinational companies could not provide a
vaccine at a low enough price.” The Serum Institute of
India was able to manufacture 20 million doses at a cost
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of $0-40 per dose, enabling a major meningitis vaccin-
ation campaign in Africa.

How can value for money be achieved? Although
manufacturing in bulk in China and India might be the
best way to keep costs low, arguments also exist for
encouragement of the production of health technology
where it is used, such as sub-Saharan Africa. This
suggestion is especially relevant for repeat-use medical
devices, for which local production makes the availability
of local product support and maintenance more likely,
helping to keep the device functioning. Broader benefits
of increased employment and wealth brought by local
production also exist, as exemplified by A to Z Textile
Mills in Tanzania. Through a joint venture with Japanese
firm Sumitomo Chemical, A to Z Textile Mills produces
29 million longlasting insecticide-treated bednets in a
year.” Their factory in Kisongo has created more than
7000 jobs and these employees support more than
35000 people in the community. A survey of employees
revealed that 71% used their wages to pay for their
children’s education. Furthermore, building the factory
at Kisongo has led to the development of transport, water,
and electrical infrastructure, which has benefited local
residents. That A to Z Textile Mills cannot manufacture
nets as cheaply as competitors in south-east Asia is
outweighed by the developmental benefits of its produc-
tion operation in Tanzania.

The wider value of local production is linked to the value
for money of technologies for health and attempts to
quantify their benefits. This effect should go beyond the
strict health costs of a disease, such as the cost of treatment,
to include wider societal costs, such as days of work
missed. For example, efforts to control river blindness
(onchocerciasis) in sub-Saharan Africa between 1974 and
2002 prevented 60000 cases and are estimated to have
generated $3-7 billion from improved worker and
agricultural productivity.” One of the benefits of vaccin-
ation is improved educational attainment,* and analysis of
the effect of antiretroviral treatment suggests that the costs
are mostly offset, or even exceeded, by increases in labour
productivity, averted orphan care, and deferred medical
treatment for opportunistic infections.® More such
analyses should be done. Recognition of the economic and
humanitarian benefits of a health technology can increase
access to available resources. For example, malaria is
estimated to cause a $12 billion loss in productivity each
year.® Acceptance of the effect of malaria and the
effectiveness of a package of interventions, including
insecticide-treated bednets and medicines, has resulted in
a 15-times increase in donor funding for malaria, from
$100 million in 2003, to $1-5 billion in 2010.”

Affordability is the biggest obstacle to access of health
technology by poor people worldwide. However, it is not
the only factor affecting accessibility and three others—
challenges of distribution, inadequate human resources,
and an absence of a reliable energy supply—deserve
further consideration.
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Even if a health technology is affordable and has
government support in a low-income or middle-income
country, ensuring that it reaches remote rural areas can
be difficult. In their 2010 call for innovative technologies,
WHO asked contributors what they perceived to be the
major challenges to success. For those with products that
can be made commercial, the greatest challenge given
(by 43% of respondents) was problems with distribution.*:
The issue of distribution and supply is especially pressing
for medicines, vaccines, and consumables for medical
devices, for which stocks need to be resupplied. WHO
reports that essential medicines are available at only 35%
of public-health facilities in 30 developing countries.”
One way to address distribution difficulties could be to
use highly efficient distribution networks that exist for
commercial products, such as the Colalife project
(panel 11). Likewise, the MEDIkit project uses commer-
cially available toy parts (eg, Lego) as the building blocks
for its customisable diagnostic methods.”™

Another innovative approach to tackle distribution
difficulties is franchising, in which a successful business
model is replicated by licensing the approach for others to
use. Child and Family Wellness Shops, which sell health-
care consultations and drugs, are a franchise run by the
HealthStore Foundation that was launched in Kenya in
2000.* Kenya had a shortage of pharmacies, with one per
50000 people, almost ten-times as many people per
pharmacy as in the UK.™ Starting with 11 locations, Child
and Family Wellness Shops have expanded to 65 outlets
serving half a million people. Health-care workers and
nurses can sign up as franchisees and receive business
training. They also agree to abide by treatment protocols
and drug prescription guidelines: such franchising can be
an effective means to disseminate evidence-based medical
practice. The franchise model enables economies of scale
to reduce overhead costs and effective procurement of
pharmaceuticals. It has helped to make viable the estab-
lishment of stores providing essential medicines in
communities that were previously unserved.

Panel 11: The ColaLife project

ColaLife project

In the 68 countries with the highest rates of infant mortality—accounting for more than
90% of infant deaths worldwide—median access to diarrhoeal medicines is just 42%.%*
Yet, a bottle of Coca Cola can be bought in some of the most remote places on Earth.
ColaLife is a non-profit organisation that aims to exploit this paradox to improve

distribution of rehydration salts for treatment of diarrhoea.

In Africa, Coca Cola bottles are initially transported from bottling plants in crates by
lorries, but are then left at manual distribution centres or wholesalers. From there, they
are conveyed by local entrepreneurs by whatever modes of transport are available, from
bicycle to mule. ColaLife have designed a container for essential medicine (known as an
AidPod) that can fit in the unused space between the necks of the bottles. They are
launching a trial in Zambia (which has only 70 retail pharmacies)*® to test the
effectiveness of the scheme. One issue that they are testing is the incentive needed for
entrepreneurs who distribute the drink and they are considering making small payments

to distributors by mobile telephone money transfer.
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Indian Immunologicals have also used a franchise
model to tackle rabies, which is endemic in India.”
Semiurban and rural health-care clinics agree to
become Abhay Clinics. These clinics provide dog-bite
treatment, including washing the wound and rabies
vaccination, for a low price set by Indian Immuno-
logicals. The clinics make a small profit on each
treatment, but other incentives encourage health-care
practitioners to join. First, patients being treated for
rabies might purchase other services, second, Indian
Immunologicals provide a refrigerator to store the
vaccines (which can then be used for other products),
and finally, franchise participants get their initial
30 doses of vaccine for free.” Indian Immunologicals
deliver vaccines straight to the clinics and manage their
own cold-chain storage so that the vaccine is kept at an
optimum temperature. In 2007, 2000 Abhay Clinics
covered 22 of India’s 28 states.

For dissemination of knowledge about health care, the
main challenge is to provide better access to the internet.
Although paper copies of standard texts such as Where
There is No Doctor have a role, only the internet has
the potential to deliver universal access to up-to-date
health-care information.”” However, internet access is
low in many low-income and middle-income countries.
For example, only 11-4% of the population of Africa have
access to the internet, and this proportion is inflated by
high use in north African countries such as Egypt.*”® A
concerted effort should be made to ensure that all health-
care facilities have access to the internet.

If health-care professionals can access this resource
then they can benefit from initiatives to share health
knowledge. The Health Inter Network Access to
Research Initiative offers free access to more than
8000 journals and information resources to health-care
institutions in the poorest countries.”™ WHO has led
another initiative to share technologies protected by
intellectual property rights; the Map of Medicine
provides evidence-based care pathways, and is freely
available in Africa.”® These schemes should be com-
mended and expanded. More information can be
shared and more can be done to make this information
available in multiple languages.

Inadequate human resources are another challenge to
access to technology. Low-income countries have short-
ages of trained health-care workers. This difficulty is
greatest in sub-Saharan Africa, which has 11% of the
world’s population and 24% of the world’s disease
burden, but only 3% of the world’s health-care workers."
Health-care workers are needed to enable effective use of
health-care technologies such as the delivery of vaccines
and compliance with medication. For more complex
medical devices, trained operators are needed. For
example, radiology technicians are needed to use
imaging devices, but Liberia has just six such technicians
for a population of 3-5 million.”” If appropriately trained
staff are not available, health-care technology is more

likely to be used incorrectly—results of a 2006 study by
Engineering World Health students in 33 hospitals in ten
countries (including Tanzania, Nicaragua, and Sierra
Leone) show that the second greatest cause of broken
medical devices was user error.™®

The issue of supply of health-care workers in low-
income and middle-income countries is beyond the scope
of this commission and is discussed in detail elsewhere."”
However, a need exists for professionals with biomedical
or clinical engineering skills to maintain and develop
complex modern medical devices. Until recently, training
in this discipline was non-existent, but this situation is
changing; a qualification in clinical engineering has been
introduced in India through a joint endeavour by Sree
Chitra Tirunal Institute for Medical Sciences & Tech-
nology, Trivandrum, the Indian Institute of Technology
(Madras), and Christian Medical College (Vellore; Niranjan
Khambete. Personal communication).””

Another example is the biomedical engineering training
programmes of Engineering World Health, which have
been established in Cambodia, Honduras, Rwanda, and
Ghana. In Rwanda, only 70% of adults are literate.” The
programme in Rwanda began in late 2009 with the goal of
providing enough trained technicians to serve every
hospital in the country within 3 years. The programme is
based at the Kigali Health Institute and 45 prospective
technicians were enrolled in the first cohort.*? In Ghana,
the training programme focuses on continuing education
for already trained biomedical engineers. This approach
complements existing education of biomedical engineers
in Ghana—a programme of training was started in
1998 by International Aid, and in 2009 the programme
was taken over by the Ghanaian Valley View University.
More than 80% of the technicians who have been through
the established programme have continued to work in
Ghanaian hospitals.

Having skilled biomedical engineers is an important
resource for low-income and middle-income countries.
They can help to ensure that medical devices remain
functional, effective, and safe. However, development of
this expertise does not obviate the need for robust user-
friendly design. Technology can be designed with built-in
maintenance and troubleshooting aids. The eRanger has
strategically placed stickers to encourage drivers to do
routine maintenance checks. Additionally, health-care
technology companies have a responsibility to support
the sustainable use of their products in resource-poor
settings, and one way to do so would be to ensure that all
reusable medical devices are accompanied by operation
and service manuals in local languages, which could be
supplemented by electronic copies on the internet.

However, access to electricity is an important issue for
much of the world. The International Energy Association
estimates that in 2009, 1-4 billion people (20% of the
world’s population) did not have access to electricity.””
The proportion of people with access to electricity is
lowest in rural sub-Saharan Africa (14-3%), whereas the
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greatest number of people without electricity live in
south Asia, especially rural India. Electricity itself can be
regarded as a technology for health; for example, access
to electrical light removes the need for kerosene lamps,
which emit fumes that can cause lung cancer and
respiratory disorders.” Efforts to encourage access to
electricity, such as the e.quinox project, which is building
solar-powered charging stations in Rwanda,”® should be
encouraged by advocates of global health.

Much health-care technology relies on electricity.
Although other infrastructure can be important (such
as access to clean water), electricity is of primary
importance. Most medical devices require electricity to
function. However, a survey of 97 anaesthetists in Uganda
reports that only 20% had a constant electricity supply for
their machinery.* The need for electricity is greatest for
therapeutic devices such as neonatal incubators, which
need to be powered constantly. Diagnostic devices, by
contrast, can be operated in a period when power is on.
Drugs and vaccines might not need electricity for use, but
they often need refrigeration for effective storage or
electricity-powered diagnostics for correct use. Power
supply seems to be a major factor for medical devices not
functioning in low-income countries. The 2006 study by
Engineering World Health students led to 644 pieces of
equipment being repaired.” The largest single cause
(29-9% of repaired items) of equipment failure was power
supply problems such as faulty batteries, fuses, power
cords, or surge protection, or frequency incompatibility.

Design can overcome the need for a reliable energy
supply by avoiding the need for electricity. For example,
the ShakerScope is a kinetically powered light source.”®
Shaking powers a light-emitting diode light, which lasts
much longer and is easier to replace than are incan-
descent bulbs, which are usually used in traditional
instruments. Shaking for 30 s provides 3 min of light.
Three interchangeable heads turn the ShakerScope into
a laryngoscope, an otoscope, or an ophthalmoscope.
As a multipurpose electricity-free device, it has sub-
stantial potential for use in resource-poor settings.
Prototype ShakerScopes have been used in military
hospitals in Afghanistan and in the aftermath of the
earthquake in Haiti.

An alternative to removing the need for an electrical
power supply is to use an easily available source. Solar
power has huge potential for low-income and middle-
income countries, many of which have long periods of
sunlight and an infrastructure of mobile telephone
towers that can be fitted with solar panels to generate
electricity that can be dispersed to the local community.
More health-care technology could be solar powered,
such as the Omron blood pressure monitor (Omron,
Kyoto, Japan). A solar-powered autoclave designed in the
USA (used to sterilise surgical and other medical
instruments) uses 90% locally available materials and
works as effectively as other table-top autoclave models,
but does not need a supply of electricity."

www.thelancet.com Vol 380 August 4, 2012

Frugal design could create more products for settings
where electricity is restricted (eg, by removal of large
colourful displays from fetal monitors). Such products
that either use renewable energy or do not require
electricity, might have a market in high-income countries
as energy derived from fossil fuel becomes more
expensive. Health care in high-income countries uses a
lot of energy—it accounts for 8% of all US greenhouse
gas emissions®—and technology that can reduce use

and therefore emissions would reduce costs and help to  a kinetically powered

prevent climate change.

Reluctance to adopt accessible technology

Cost, wider economic effect, challenges of distribution,
human resources, and energy supply are all factors that
determine whether a technology can be deployed in a
resource-poor setting. However, even when all these
criteria are met and a technology is judged accessible, a
final fundamental barrier to its implementation exists—
persuading people to use the technology.

The most promising technology can struggle to gain
acceptance. For example, male circumcision reduces trans-
mission of HIV by up to 70%. Circumcision is less painful
with new technologies, such as the Shang Ring, a pair of
concentric plastic circles that are worn for a week to
painlessly remove the foreskin.”® The Shang Ring is cheap,
simple to use, not dependent on electricity, and does not
need stitching as do surgical techniques. However, only
5% of men in sub-Saharan Africa who could benefit have
been circumcised.” The main barrier is not the technology,
but cultural resistance to the procedure.

Technology theorists emphasise that technology needs
to be attuned to a country’s cultural climate.” In India,
for example, sitting cross-legged is a regular part of daily
life but standard prosthetic knees from Western coun-
tries (where such a posture is uncommon in adults) were
too inflexible. An Indian orthopaedic surgeon designed
the INDUS knee, which enables the recipient to sit cross-
legged and is more culturally acceptable. However,
alteration of a technology to fit a culture is not always
possible. Cultural resistance can be overcome by care-
fully persuading users of a technology’s benefits and
engaging with their concerns. For example, alcohol-
based handgels are the most effective way to ensure hand
hygiene. However, alcohol consumption is prohibited by
many religions, and in Islam alcohol is classified as
forbidden.”® Muslim health-care workers can therefore
be reluctant to use alcohol-based handgels. However, the
Quran does permit the use of alcohol for medicinal
purposes and religious leaders such as the Muslim
Scholars’ Board have supported the use of alcohol to kill
germs.” Experience shows that if clinicians are
sensitively informed of the religious and scientific
support for alcohol based handgels, such cultural barriers
can be overcome. Saudi Arabia, for example, has
deployed alcohol handgel dispensers in health-care
facilities since 2005.

ShakerScope
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Persuasion and education of users follows a rational
view of human nature, but people can also be subcon-
sciously influenced to adopt health-care technology.
Interest is growing in the use of behavioural economic
insights to affect decisions about health in high-income
countries.”” Such approaches can also encourage scale-
up of technology in low-income and middle-income
countries. A well-established aspect of behavioural
economics is the use of defaults. People are slow to
change, even if the change is beneficial to them,” so the
beneficial scenario is made the default and people are
given the opportunity to opt out. This approach has been
applied to prevention of mother-to-child transmission of
HIV by making HIV tests a routine part of antenatal
care. This optin approach caused HIV testing of
expectant mothers rise to 99-9% during the first
6 months in Chitungwiza (Zimbabwe), compared with
65% tested during the last 6 months of opt-in testing.”*
More testing enables more HIV-positive women to
receive drugs to reduce the chance of transmission; for
example, 80% of pregnant HIV-positive women received
prophylaxis in Botswana in 2005 after the introduction
of optout testing in 2004 (less than 30% received
prophylaxis in 2002).2"

This example shows how inertia can be a positive factor.
However, it is often a barrier, as in India, where the use of
expensive imported medical devices with which doctors
are familiar has hampered the uptake of cheaper, locally
produced alternatives.” Adoption will be most successful
if resource-poor countries are encouraged to appropriate
the technology and make it their own,” such as with the
WHO Surgical Checklist, for which core questions can be
supplemented by locally agreed checks.

Implementation and innovation in technology
for health

Even if the these barriers are overcome, implementation
challenges remain, including scale-up of use, effective
assessment and regulation, and issues of equity. Many
studies address factors that affect scale-up of health-care
innovations (panel 12).%%

The lists share several similarities—they rightly
emphasise the importance of the nature of the innovation
itself. Frugal technologies fit these requirements well.
However, both also consider the wider context—national
health policies, the functioning of the health system, and
political support for expanded use. These factors are
crucial; for example, a new point-of-care diagnostic test
for a sexually transmitted disease should integrate with
existing efforts to provide health care to populations such
as sex workers.

Thus, decisions about implementation of a technology
in a low-income or middle-income country should com-
bine a range of considerations, from cost per unit to how to
encourage uptake. This process is known as a health
technology assessment, which is defined as “the system-
atic evaluation of properties, effects, and/or impacts of

health-care technology”.?” Health technology assessment
considers whether a technology can work in a particular
setting and the best way to achieve implementation. It
should be used effectively in resource-poor settings.
Establishment of an independent, autonomous health
technology assessment process should be the responsibility
of a national ministry of health or could be done at state
level in large, highly populated countries such as India.
Several countries have introduced such assessments,
including Thailand and Colombia. Where this capability
is not yet established, non-governmental organisations
might need to do health technology assessments to ensure
that aid is used effectively. Health technology assessment
should not be bureaucratic and a list of 20 criteria, with
further clarification of some terms to increase objectivity,
could be the basis of a simple approach.”

Effective assessment should be a key part of imple-
mentation. As a new technology is trialled in a resource-
poor setting an assessment should be done that strikes a
balance between sufficient robustness and avoidance of
delay of scale-up if the technology has clear potential to
improve health. A cost-effective way to estimate the
implications of scale-up is to use modelling and simu-
lation.”" For example, simulation techniques have been
applied to the different types of malaria vaccine to test
whether they are likely to be cost effective.”? With such
health-care modelling, organisations in high-income
countries could try to support health-care systems in low-
income and middle-income countries, either by direct
modelling or, to achieve sustainability, through transfer
of the necessary knowledge and skills.

Assessment is necessary to ensure that a technology is
used effectively. Results of a study in Tanzania show that
although point-of-care tests for malaria are more accurate
than is diagnosis using microscopy, clinicians often
ignore negative results from both. 54% of patients who
tested negative for malaria after a point-of-care test and
51% of those who tested negative for malaria after
microscopy were still being treated with antimalarial
drugs.® Such over-treatment is expensive and risks
reducing the effectiveness of malaria drugs. Artemisinin-
based combination therapies are the standard treatment
for malaria because over-use of the previous first-line
drug chloroquine enabled P falciparum to develop
resistance.* Distribution of the test and encouragement
of its use is ineffective without a focus on how its
implementation could alter medical practice.

m-Health is a good example of the need for assessment.
The ubiquity of mobile telephones, even among some of
the poorest people in the world, is such that m-Health
seems to offer huge potential. We reviewed m-Health in
low-income countries (appendix). m-Health has great
potential such as for collection of health-care information,
provision of mobile diagnostic tests, and encouragement
of healthy behaviours. However, the review identified
only nine randomised controlled trials for m-Health in
low-income countries. A more robust assessment of
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m-Health is needed, including the establishment of one
organisation with overall responsibility for maintaining a
registry of m-Health trials and assessments.

The need for regulation
Once implemented, technologies should be regulated to
ensure that they are safe. Although regulation can
increase costs of technology, it is necessary to protect
patients. For example, counterfeit medicines (sales of
which reached $75 billion in 2010)** can lack active
ingredients (making them ineffective), contain active
ingredients but not in the right proportions (reducing
efficacy), or contain toxic ingredients. In Haiti in 1995,
89 people died after ingesting a cough syrup that
contained diethylene glycol (a chemical commonly used
as anti-freeze). Haiti is a good example, because people
in low-income and middle-income countries are most at
risk; counterfeit medicines are estimated to constitute
more than 10% of the medicines market worldwide,
ranging from roughly 1% in high-income countries, to
10-50% in low-income and middle-income countries.**
Often, capacity and infrastructure for regulation, quality
control, and law enforcement of drugs lags behind
counterfeiting. In 1984 WHO stated that “every country,
regardless of its stage of development, should consider
investment in an independent national drug quality
control laboratory”.** However, in 2012, of 191 WHO
member states, only about a fifth have well-developed drug
regulation and those that have some drug regulation often
have inadequate resources, little training, inefficiency, and
incompetence.”” WHO’s International Medical Products
Anti-Counterfeiting Taskforce provides technical support
to countries to build and strengthen national regulatory
infrastructure, and raise awareness, exchange informa-
tion, and develop standards.”*® Supplementing regulatory
bodies, new technologies can provide part of the solution
to substandard and counterfeit health technologies. Tech-
nologies such as barcodes and holograms can help to
identify authentic products,” and mobile telephones can
be used in surveillance against fake pharmaceuticals.”*
Although counterfeit medicines have received in-
creased attention in recent years, much less is known
about problems with substandard and counterfeit
products for other types of medical technologies. Several
other product types might be counterfeited, including
glucose test strips for use in conjunction with insulin,
other medical test kits, contact lenses, combination
products, and component parts, such as semiconductors
used in imaging equipment.”*? Few low-income or
middle-income countries regulate medical devices; only
three do so in Africa (Egypt, Kenya, and South Africa).”
Establishment of regulatory authorities for health-care
technology should be a priority, not a luxury.

Equity and universal coverage of technology

Even low-cost health technology might not be affordable
if people can use it only by making out-of-pocket
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Panel 12: Factors affecting scale-up of innovations in
health care

According to Gavin Yamey**

+ Attributes of the specific technology or service being
scaled up

+  Attributes of implementers

+ Delivery strategy

+ Attributes of the adopting community

+ Socio-political context

+ Research context

According to Rifat Atun and colleagues®”
+ The problem

+ Theintervention

» The adoption system

» Characteristics of the health system

» The broader context

payments. Such payments are estimated to exclude
1-3 billion poor people from access to health services and
drive an additional 100 million people into poverty yearly.
Out-of-pocket payments are mostly made in poor
settings; in 2007, most of the 33 countries that relied on
such payments for more than 50% of total health
expenditure were classified as low income.”” Health
technology should be used as part of the drive towards
universal health-care coverage.

One approach is to use aid budgets to distribute health
technology for free, as with insecticide-treated bednets.
Evidence for the uptake of bednets suggests that initial
modest co-payment of $2-3 (a typical bednet costs $10)
was a major reason for coverage being low between
2000 and 2005.2* WHO adopted mass free distribution of
bednets in 2007, which has increased bednet use
dramatically. However, whether free distribution of
bednets is a long-term solution is debated; some people
call for diversity of supply so that mass free distribution is
supplemented by subsidised and private bednet sales.”*

Donor funding cannot be relied on to cover the cost of all
beneficial health technology in resource-poor settings and
means of pooling private resources should be developed.
Two examples already in use are cross-subsidisation and
microinsurance. Cross-subsidisation (users who can afford
to pay more so that users who cannot afford care receive it
for free or at a heavily discounted price) is used in the
Aravind Eye Care System (Madurai, Tamil Nadu, India),
which accommodates 330 paying patients and 920 free
patients in its main hospital.” The fee paying patients
receive higher standards of comfort (eg, beds rather than
bamboo mats), but their payment enables many pro-
cedures (more than 60%) to be done for free.”””

Similar to microfinance, microinsurance aims to aggre-
gate a large number of poor consumers through their
health insurance scheme. One company, MicroEnsure,
has developed an insurance scheme that they anticipate
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Disruptive technologies
Disruptive technologies are
technologies that fundamentally
alter existing markets, by
providing a new product or
service much cheaper than
existing approaches; eg, mass
production of the Ford Model T
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will cover 200000 coffee growers and their families
around Mount Kilimanjaro, Tanzania. The insurance
contribution funds a capitated payment to health centres.
Technology is involved, with mobile telephones used to
register new members, and decision-making software for
mobile telephones is being developed that will help health
centres to follow treatment protocols. Set up with a grant
from the Bill & Melinda Gates Foundation, MicroEnsure
are moving towards sustainability without donor funding
(Wil G De Klerk, MicroEnsure, personal communi-
cation).”® Cross-subsidisation and microinsurance are
therefore two mechanisms whereby additional resources
can be used while enabling equitable coverage of health
care and health technology.

Disruptive technologies for health care in high-
income countries

Technology is a major driver of the unsustainable growth
in health-care costs in high-income countries. Between a
third and half of increases in total spending on health care
in the USA between 1960 and 2007 have been ascribed to
technological advances.® Will this pattern be replicated in
resource-poor countries? This scenario seems a long way
off—a huge difference exists between a country in sub-
Saharan Africa seeking universal vaccination coverage
and a high-income country buying the latest MRI scanner.
Furthermore, greater use of effective health technologies
in low-income and middle-income countries should
benefit productivity to more than pay for the cost of the
intervention. The key is to ensure that only effective
technologies receive investment.

Rather than resource-poor countries replicating the
expensive pattern of health technology use in high-
income countries, frugal technology should provide
disruptive innovations that make health care more cost
effective in wealthy settings. Disruptive innovations for
health care have been much discussed, especially in
countries with high-cost health systems.*® Although now
associated with any radical innovation, the original idea
of disruptive innovation was of cheaper and simpler to
use products or services that were good enough to meet
the demands of customers who could not afford state-of-
the-art technology® Some frugal technologies already
have such an effect in high-income settings—for
example, a portable MAC 400 ECG (General Electric).*
This ECG is the product of a design team based in India
who were given freedom to innovate. Its compact shape
(it has no keyboard or screen) means that it weighs
1-3 kg, compared with stationary devices made for US
hospitals ranging from 7 kg to 30 kg. It uses the same
analysis software as high-end models such as the
MAC 5500, but costs just a fifth of the price. Availability
of such inexpensive portable ECGs could help to identify
heart attacks that are missed in primary care or resource-
poor settings.” Although designed for India, the MAC
400 is popular with primary care physicians in Germany
who do not need a more expensive high-end machine.

Rapid diagnostic tests are another technology that
have potential to be used worldwide although initially
developed for resource-poor settings. Self-tests for
chlamydia and human papillomavirus created for low-
income and middle-income countries could be convenient
and empower patients to test themselves in high-income
countries.” The CD#4 test could also be used in high-
income countries, since lower cost per test, use of
fingerprick instead of venous blood, and speed of the test
results would improve the pathway of care for patients,
reduce the number of clinic visits, and lessen costs overall.

Not only new products can be disruptive technologies.
The response to the HIV epidemic in Africa has led to
the development of technologies such as algorithmic
HIV treatment guidelines, which could be used widely in
high-income countries to standardise care and reduce
unnecessary variation.*® An example of how clinical
practice has already changed is the adoption of the
Ponseti method as the gold standard for treatment of
club foot.” The method was first adopted in Malawi
because of a shortage of orthopaedic surgeons, but
delivered better results while being less intrusive and
expensive than surgery. The Ponseti method is now
becoming standard practice in high-income countries.

So, with technology for health, ideas do not flow one
way from rich to poor settings. The transfer of technology
from low-income and middle-income countries to high-
income countries has been described as reverse inno-
vation, but this label is unhelpful since it supports the
notion of a flow of innovation from rich to poor, whereas
a more dynamic and interactive approach to learning
from best practice, wherever it originates, is needed. As
such, wealthy countries should look to frugal tech-
nologies to make health care more affordable and
convenient. Thus, frugal technology for health can have
a truly global effect.

Conclusions and recommendations

Technology is making a substantial contribution to global
health. Yet it could do much more. This report concludes
Dby setting out recommendations to unlock the potential of
technology. Some recommendations are overarching,
whereas others are specific to particular organisations or
certain health needs.

First, development of frugal technology that meets
the needs of the world’s poorest people should be
emphasised. Those most in need in low-income and
middle-income countries are not well served by hand-
me-down technology from high-income countries. Tech-
nologies are needed that account for constraints in
finance, health-care workers, and even reliable electricity
supplies. Funding and support for frugal technology is
needed and initiatives such as USAID’s funding of 5-year
programmes to develop health technologies for low-
resource settings should be welcomed.*

Although poor people will be the primary beneficiaries
of cheaper, simple technology, such technologies might
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also help to reduce costs of health care in high-income
countries. Simple diagnostic tests can enable patients to do
tests themselves, reducing the need for health-care
professionals as intermediaries. Process innovations from
resource-poor countries can be applied to high-income
countries to make technology much more cost effective.
Technology for the poorest people can benefit all.

Panel 13: Recommendations for organisations

Ministries of health in low-income and middle-income

countries

+ Instigate a proportional system of independent and
autonomous health technology assessment to ensure that
cost-effective technologies are identified and implemented.

+ Encourage rigorous assessment of health-care technology
before funding or sanctioning scale-up, working with
health-care technology companies and development
non-governmental organisations.

» Strengthen regulation of health-care technology, especially
drugs and medical devices.

International bodies (eg, WHO, UNICEF, standards

organisations)

« Establish a binding international convention for biomedical
research and development, as per the recommendation of
WHO'’s Consultative Working Group on Research and
Development: Financing and Coordination. Such a
convention will create a framework to ensure that necessary
health technologies for resource-poor countries are
developed and are affordable.

+ Ensure that international product standards are effective for
poor people. International standards organisations must
give greater consideration to the needs of low-income and
middle-income countries and involve more members from
resource-poor countries.

Health-care technology companies

+ Develop more frugal technologies accounting for the needs
of the world’s poorest people. For medical devices that are
used repeatedly, technologies should be reliable in adverse
environmental conditions, have reduced the number of
custom components and non-essential functions, and
provided built-in maintenance and troubleshooting aids.

+  Support the effective use of health-care technology by
making operation and service manuals available in the
native language at the time of delivery, with electronic
copies available via the internet.

+ Make use of different pricing policies so that drugs with a
global market (eg, those for non-communicable diseases)
can be accessed by the poorest people.

Development non-governmental organisations

+ Fund the commercialisation of health technology developed
in the poorest countries.

+ Encourage rigorous assessment of health-care technology
before funding or sanctioning scale-up, working with
health-care technologies companies and ministries of health.

www.thelancet.com Vol 380 August 4, 2012

Second, technology alone is not enough. Technology

should be combined with other innovations, such as
effective delivery mechanisms and novel approaches to
financing if it is to be scaled-up and have a substantial
effect on global health. Broader innovation is crucial to
ensure that technology is not just available but acceptable
to the world’s poorest people.

Prioritise funding of multidisciplinary research over research
that is more narrowly focused.

Aim to ensure that costs of research and development are
not passed on to low-income and middle-income countries.
Mechanisms should include both push strategies (eg,
product development partnerships) and pull strategies (eg,
advance market commitments).

Universities and research institutions

Universities in high-income countries should support
assessment of health-care technologies by the application
of simulation and modelling techniques to resource-poor
countries.

They should also help to define needs and have a leading
role in development of public-private partnerships to
develop frugal technologies.

Universities should quantify the wider economic benefits of
health interventions in resource-poor settings.
Universities in high-income countries and institutions in
low-income and middle-income countries should form
partnerships to share skills and knowledge to enable the
development of frugal health technologies.

Universities in low-income and middle-income countries
should focus on development, including support of greater
use of technology.>*

Health-care systems in high-income countries

Make use of frugal technology to reduce costs and
increase convenience by giving an organisation such as
the Organisation for Economic Co-operation and
Development remit to identify and disseminate awareness
of such technologies among its members. Policy makers
should ensure that incentives are aligned (eg, payment
mechanisms) and barriers overcome (eg, intransigence by
health-care professionals) so that these innovations can
be fully exploited.

Use information and communication technology to
support health care in resource-poor settings by sharing
specialist knowledge and enabling training of local
health-care workers.

Only donate health technology if clear evidence shows that
such a donation will be beneficial to the receiving institution.
Support the use of health technology through partnerships
between health-care organisations in high-income
countries and their counterparts in low-income and
middle-income countries, such as the Health Links initiative
of the Tropical Health and Education Trust.*®
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Panel 14: Recommended innovations for specific
health problems

« Trials in low-income and middle-income countries should
investigate whether successful use of mobile telephones
to support smoking cessation in high-income countries
can be replicated in a different setting.

+ Scale-up use of the cardiac polypill in resource-poor
settings.

« Use of computerised cognitive behavioural therapy in
low-income countries should be tested.

+ Cheaper and more rapid diagnostic tests for sickle-cell
disease should be developed.

Third, those aiming to improve the health of poor people
worldwide through beneficial technologies should not
restrict their focus to health-care technology. Better crops,
flushing toilets, and better roads will all improve health.
Merit also exists in adoption of a multidisciplinary
approach and combination of interventions such as
improved sanitation and drugs to combat schistosomiasis
or vitamin supplements and vaccinations for children.
Health advocates should think broadly and creatively to
make the most of technology’s potential.

Fourth, if possible, existing available technology should
be used to improve health. Adaptation of technology that is
already in use in resource-poor settings is better than
creation of another layer of complexity and expense by
introduction of a health-specific solution. Particularly,
mobile telephones have much potential because of their
ubiquity. Often, people who do not have adequate
sanitation have a mobile telephone, which can be used to
improve health. More good quality evidence is needed for
effective m-Health interventions to enable scale-up of
beneficial programmes.

Fifth, as consideration is given to how development
should be measured and encouraged after the MDGs, a
key goal of future development should be to foster
the ability to create and use beneficial technologies
(including those for health) in all countries, no matter how
poor. This recommendation could be measured by an
updated version of the Technology Achievement Index,
created for the UN Development Programme in 2001,
which focused on the creation of technology, dissemination
of innovations, and the advanced education and skills
required to use the technology effectively” Such an
approach would fit with proposals that international
development policy should be directed mainly at building
technical competence rather than conventional relief
activities in low-income countries.*® This approach will
support both the development of more frugal technologies
for health and also enable the expanded use of existing
technology. In addition to these five general recommen-
dations are more targeted proposals for particular
organisations (panel 13) and for particular health issues
(panel 14).

All these recommendations emphasise that ensuring
that health technology can have the greatest effect on the
world’s poor people requires concerted action by all parties.
The benefits of health technology should be available to all,
not only those in high-income countries. Access to life-
saving health technology should not be restricted to those
with the ability to pay. Tackling current market failures is
therefore a task for all those with an interest in
improvement of global health.
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