G7 Science Academies’ Statement 2015:

Infectious Diseases and Antimicrobial Resistance:
Threats and Necessary Actions

Emerging infectious diseases and antimicrobial resistance se-
riously endanger individual and global health. A comprehen-
sive strategy is needed to tackle health threats from infectious
diseases — one that requires a much more visible political and
public profile and a cross-sectoral approach, involving health,
agriculture, development, economy and other policy areas. The
G7 Academies of Sciences call for: (1) accelerating research and
production of new antimicrobial agents, vaccines and diagnos-
tics, (2) prioritising the research agenda to fill knowledge gaps
for key diseases, (3) installing global surveillance programmes,
(4) raising awareness in society, and (5) a coordinated rapid re-
sponse in the face of major epidemics. Only then can the nec-
essary resources be generated to ensure optimal prevention,
diagnosis, and treatment for all.

The recent Ebola outbreak shows that emerging and re-emerg-
ing infectious diseases continue to pose a serious international
threat despite major research advances in recent years. At the
same time, there is an alarming global trend towards resistance
to antimicrobial drugs. In our increasingly interconnected world,
pathogens spread quickly and across borders, posing a growing
threat to global health and prosperity.

The current situation is serious and untenable. There is a strong
need for new classes of antimicrobials, vaccines, and diagnostics
for infectious diseases. However, industry alone will not solve
this problem because of a perceived low return of investment.
Therefore, there is an urgent need to stimulate research and
development for novel approaches to disease prevention and
treatment.

The rise of resistance to antimicrobial agents and the resurgence
of significant communicable diseases such as tuberculosis are
putting at risk the achievements of modern medicine, the health
of societies, and the realisation of the Millennium Development
Goals. The underlying scientific basis of this resurgence is often
well understood, and there has been considerable international
work on antimicrobial resistance in the past year.! But interna-
tional coordination is urgently needed to control outbreaks that
stretch beyond geographic borders.

The statement signed by the G8 Science Ministers after discus-
sion with the G8 Science Academies’ Presidents in 2013 was a
significant contribution to this issue.> However, much more

1 E.g. www.amr-review.org or www.whitehouse.gov/sites/default/
files/microsites/ostp/PCAST/pcast_amr_jan2015.pdf.
2 G8 Science Ministers Statement, London, June 2013.
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needs to be done to tackle the devastating human health prob-
lems caused by infectious diseases.

The G7 Academies have identified critical actions needed to ad-
dress the immediate threats of infectious diseases. They empha-
sise the importance of international collaboration that integrates
both the scientific community and industry.

The following actions are necessary:

1. Accelerate the discovery, registration and
production of new antimicrobial agents, vaccines
and diagnostics

e Identify and implement new sources of support, including
public-private partnerships to enhance the likelihood that in-
terventions will reach the proof-of-principle stage.

e Develop novel antimicrobials and vaccines for key diseases
and evaluate ways to keep them in reserves until they are
needed. Antibiotics that have not been previously released
are less likely to encounter resistance from disease-causing
organisms. Vaccines developed for novel diseases will be
ready for efficacy testing during an epidemic. Establishing re-
serves for future use could create new business models for
pharmaceutical companies.

e Develop attractive business models and other incentives to
increase efforts in academia and revive commercial interest.

e Accelerate the development of diagnostics, vaccines and
therapeutics to better meet the threat from highly dangerous
pathogens.

2. Fill knowledge gaps and prioritise the research
agenda

e [dentify and fill the gaps in basic research and ensure that
results from applied research are transformed into effective
interventions (and thus survive the “valley of death”).

e |dentify microbes from diverse habitats as a source of new
antimicrobial agents also on the basis of genetic inventories.
In addition, identify and validate new biological targets and
elucidate novel modes of action.

e Study and elucidate the ecological and evolutionary dynamics
of microbial communities to prevent and understand mech-
anisms of resistance. This will require scaling up laboratory
experiments to real-life situations as found in farms, hospitals
and the community.

e Develop innovative strategies for prevention and rapid diag-
nosis of infection.
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3. Conduct global infectious disease surveillance
programmes

Invest in and enhance global infectious disease surveillance of
both humans and animals to improve timely prediction and
rapid response to outbreaks.

Harmonise national programmes and define global action
plans for the surveillance of particularly threatening patho-
gens.

Support implementation of the World Health Organization’s
Global Action Plans, e.g., the Plan on Antimicrobial Resist-
ance.
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. Organise and sustain joint efforts in society

Commit to improving and sustaining health care systems in
vulnerable populations accompanied with capacity building
for health and health research at regional, national and in-
ternational levels. Regulate the use of antibiotics in medicine
and agriculture.

Continue to develop tailored public outreach efforts for edu-
cating the public on the development of resistance, preven-
tion and effective management of infections. Establishing
such outreach activities will raise the public’s awareness of
health threats and the importance of innovation.

Continue to increase support for global application of infec-
tion prevention and control programmes (such as vaccination,
hygiene and sanitation), and ensure access for all — including
high-risk groups such as migrant populations — in community
care and hospital settings.
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G7 Science Academies’ Statement 2015:

Neglected Tropical Diseases

Neglected Tropical Diseases (NTDs) are a group of infections that
affect mainly the poorest and place an economic burden on low-
and middle-income countries. In principle, NTDs are preventable,
treatable, controllable and some even eradicable. Moreover,
most interventions against NTDs are highly cost-effective. To
make progress toward preventing, controlling and eliminating
NTDs, the G7 Academies of Sciences call for: (1) increasing efforts
to empower and build capacity in affected countries to deal with
these diseases, (2) intensifying research on NTDs, (3) developing
and delivering affordable and accessible treatments, and (4) NTDs
to be fully accounted for in the Sustainable Development Goals.

Neglected Tropical Diseases are a group of parasitic, bacterial,
and viral infections that cause immense suffering in more than
a billion people. These diseases are characterised by insufficient
treatment and care. Of the more than 30 NTDs (including Ebo-
la), WHO prioritises 17 diseases with greatest impact including
schistosomiasis, lymphatic filariasis, river blindness, dengue and
leprosy. NTDs are endemic in 149 countries of the world, most of
them low- and middle-income countries. Most NTDs are chronic
and can significantly disable particularly the poorest and most
vulnerable individuals, households and communities. NTDs place
substantial burden on the health and economic systems in affect-
ed countries. Although at present no NTD has been controlled,
eliminated, or eradicated, progress on many of the most impor-
tant of these diseases would be a major step towards alleviating
poverty.>2 Still, for many NTDs there are too few effective drugs
and some mainstream treatments can have severe side effects.

Some progress has been achieved over the past decade: WHO
has increased its commitment to NTDs and a recent report? calls
for increasing domestic investments to reach WHO’s Roadmap
targets for 17 NTDs by 2020.* These targets are supported by a
specific resolution at the World Health Assembly in May 2013.°
In addition, private and public sector organisations have com-
mitted themselves to controlling, eliminating or eradicating 10
NTDs by 2020, by making long-term donations for drugs (with an
annual value of USS 2 billion), by advancing R&D, enhancing col-

1 Resolution of the 66. World Health Assembly, WHA 66.12 “Neglec-
ted tropical diseases”. 2013.

2 Conteh L et al (2010) Socioeconomic aspects of neglected tropical
diseases. The Lancet (375): 239-247.

3 WHO (2015) Investing to overcome the global impact of neglected
tropical diseases: third WHO report on neglected diseases 2015.

4 WHO (2012) Accelerating work to overcome the global impact of
neglected tropical diseases — A roadmap for implementation.

5 Resolution of the 66. World Health Assembly, WHA 66.12 “Neglec-
ted tropical diseases”. 2013.
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laboration and cooperation at national and international levels
and enabling funding and monitoring programmes.®’® Affected
countries now place NTDs higher on their agenda and develop
national NTD plans.> % However, resources for research and/or
implementation are still insufficient: NTDs receive only 0.6 % of
Official Development Assistance for Health.!

Much more needs to be done with a much greater urgency to
reach the 2020 targets for all major NTDs. The specificity of
diseases as well as the likely adverse impacts of severe climate
events, risks of conflicts, increasing mobility/migration, and po-
litical instability need to be taken into account when developing
strategies for tackling the NTD challenges. NTDs should be fully
accounted for in the Sustainable Development Goals.

The following actions are necessary:

1. Increase efforts to empower and build capacity in
affected countries

e Invest in empowering national health systems in affected
countries, particularly with regard to improving access to
treatments and diagnostics to reach universal health cover-
age. Help the governments of endemic countries in their
efforts to inform and raise peoples’ awareness on risk factors
and prevention of NTDs, taking into account specific cultural
practices as well as local and indigenous knowledge.

e Invest in increasing the capacity in endemic countries for
surveillance of patients, vectors, pathogens and animal reser-
voirs. In particular, foster the One Health-approach to address
zoonotic NTDs such as leishmaniasis, and African trypanoso-
miasis (sleeping sickness).

e Promote research cooperation and technology transfer be-
tween industrialised and low- and middle-income countries,
particularly with the aim to establish research capacities in
endemic countries.

6 The Uniting to Combat NTDs coalition (2014) Delivering on Promises
and Driving Progress. Report.

7 Lancet Editorial (2014) Neglected tropical diseases: becoming less
neglected. 38:1269.

8 The London Declaration on Neglected Tropical Diseases (2012).
http://unitingtocombatntds.org/resource/london-declaration.

9 Lancet Editorial (2014) Neglected tropical diseases: becoming less
neglected. 38:1269.

10 Molyneux DH (2014) Neglected tropical diseases: now more than
just ‘other diseases’ — the post-2015 agenda. International Health.
doi:10.1093/inthealth/ihu037.

11 Liese B, Houghton N, Teplitskaya L (2014) Development assistance for
neglected tropical diseases: progress since 2009. Int Health 6: 162-171.
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2. Intensify research on NTDs

For progress on prevention, control, treatment, and where
possible eradication of NTDs, strengthen basic research,
particularly on the biology of infectious agents, the host re-
sponse and the cross-effects with other diseases. Intensify
research on transmitting vectors and intermediate hosts and
develop new measures for their control. Study animals as a
reservoir for pathogens and assess the importance of closely
related pathogens in livestock production.

Study how new technologies can be implemented and
increase applied- and programme-oriented research for
diseases targeted for elimination or eradication.

Study the full economic effects of NTDs on individuals, house-
holds and nations to provide more effective and equitable
targeting of interventions. Develop an agreed-upon metric to
measure the effect of interventions.

Royal Society of Canada Académie des sciences

Canada France
it G5 Pt Nuwse

Science Council of Japan
Japan

Royal Society
United Kingdom

April 2015

11

. Develop and deliver affordable and accessible

treatments

Create new and strengthen existing incentives for industry and
academia that decouple costs of R&D from the price of prod-
ucts to make treatments for NTDs affordable and accessible.
Further develop easily usable and affordable point-of-care
technologies. For this purpose, strengthen product develop-
ment partnerships especially with and in endemic countries.
Support the sustainable delivery of treatments and diag-
nostics by strengthening supply chains of WHO prequalified
products.

Identify behaviour and conditions that increase the risk of
acquiring or exacerbating NTDs. Based on this, develop and
provide training and information to the general population.
Consider as well non-prioritised NTDs and develop clear met-
rics to measure the effect of interventions.
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G7 Science Academies’ Statement 2015:

Future of the Ocean: Impact of Human Activities on Marine Systems

Human activities are driving major changes in the oceans of
the world. One key driver of changes is elevated carbon diox-
ide (CO,) concentration in the atmosphere caused by human
activities. This leads to ocean acidification, warming and de-
oxygenation, changes in ocean circulation, continued sea
level rise, and an altered marine productivity and biodiversi-
ty. Other key drivers are pollution with nutrients, chemicals
and plastic, overfishing and spreading of invasive species. All
of the changes in the ocean have profound effects on human
wellbeing and human societies in many regions of the Earth.
The G7 Academies of Sciences call for: (1) changing the course
of nations’ CO, emissions, (2) reducing and further regulating
man-made pollution of the sea, (3) ending overfishing and pre-
serving marine biodiversity and ecosystem function through
research-based management and (4) enhancing international
scientific cooperation to better predict, manage and mitigate
future changes in the ocean, and their impacts on human soci-
eties and the environment.

The ocean covers over two-thirds of the earth’s surface, plays a
vital role in global biogeochemical cycles and supports much of
the planet’s biodiversity. It provides a livelihood for millions of
people and makes an increasing contribution to feeding a rapidly
growing population. It now faces two categories of threat:

Threats related primarily to greenhouse gas emissions, in-
cluding ocean temperature and sea level rise, ocean acidifi-
cation, stratification and changes in ocean circulation, which
will alter the productivity of the ocean as a whole.

Other threats that are regional to global, including flooding,
chemical, nutrient and plastic pollution that ends up in the
ocean, overfishing, extraction of resources such as oil, gas
and minerals, habitat destruction and other human activity
such as construction of large coastal infrastructures.

These and other changes are already imposing increasingly
severe effects on biodiversity, marine productivity as well as on
human populations and activities, especially in coastal zones and
islands.

The ocean has a very large heat capacity and is currently storing
more than 90 % of the additional heat associated with global
warming, which it redistributes from one region to another on
time scales ranging from years to several decades. The ocean is
also currently absorbing one quarter to one-third of emitted fos-
sil fuel CO,. Net carbon uptake by the ocean will occur as long
as human activities are adding CO, to the atmosphere and until
the equilibrium between the atmosphere and ocean is re-estab-
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lished. Accordingly, the ultimate fate for most CO, derived from
fossil fuel will be its dissolution in the world’s surface waters,
followed by its transfer into the deep ocean, where much of it
will be neutralised by reaction with sedimentary carbonate on
the deep sea floor. However, as this process takes tens of thou-
sands of years, it is too slow to dampen the consequences of CO,
increase for the coming generations.

The uptake of CO, into surface waters is causing a number of
interrelated changes in ocean chemistry, including an increase
in ocean acidity. The full impacts of these changes on key ma-
rine ecosystems are only beginning to be understood but include
impacts on energy balance, physiology, behavior and survival of
many marine organisms. Of particular concern is the ability of
marine plants and animals to construct their calcium carbonate
shells or skeletons. Thus the ocean’s uptake of CO, comes with
potentially serious impacts on biodiversity, food webs and ma-
rine ecosystem services, including fisheries.

Global warming itself is altering surface water temperatures
and thus changing the solubility of CO, and oxygen (0O,) in ocean
water, as well as altering the ocean’s density stratification and
circulation patterns. Global warming induces changes in ocean
circulation especially in polar regions. This is highlighted by
the retreat of summer sea ice in the Arctic Ocean and dramat-
ic trends in climate and marine life in the coastal waters of the
Antarctic Peninsula. These polar changes may lead to further
changes in weather, climate and ecosystems throughout the
world, as is already evident on a regional scale in the form of
droughts and other weather extremes.

The global mean sea level is currently rising in response to ocean
warming and the melting of land ice, and will continue to rise
at an accelerated rate in the coming decades and centuries. By
2100, a global mean rise of at least 1 m above the present level
and up to 1.4 m in some regions is likely. Societal impacts are
likely to include shoreline recession, changes in extreme sea
levels (e.g. flooding from storm surge), and loss of coastal infra-
structure, natural resources and biodiversity. These impacts will
lead eventually to increased costs, the displacement of people
and the migration of environmental refugees.

The circulation and mixing of the ocean supplies oxygen and
nutrients essential for growth of marine organisms. The ex-
pected physical changes will therefore impact ocean produc-
tivity, biodiversity, ecosystem functions and fisheries. Human
activities on land are injecting pollutants into coastal marine
environments, including nutrients that lead to excessive algae
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blooms, which sink and decay, further lowering oxygen and
creating “dead zones” in coastal waters. Waste products such
as non-biodegradable marine litter and toxic chemicals can
accumulate in the food chain with yet unknown consequences
for the health of consumers of ocean products, including
humans. Plastic debris accumulates in the ocean at all depths
with detrimental consequences for marine life. Introduction of
non-native species can disrupt ecosystems and impact fisheries
and tourism.

Overfishing is a serious global problem that damages biodiver-
sity and productivity, hence the future of fisheries as well as
resilience of ocean ecosystems. Recent evidence suggests it is
possible to end overfishing and recover many depleted fisher-
ies resulting in economic, social and environmental benefits.
Illegal, unreported and unregulated fishing undermines fishery
management and threatens food security and ocean resilience.
Human activities in coastal areas, including coastline alteration
and aquaculture, also play a role in damaging marine ecosys-
tems, increasing their vulnerability and exacerbating the often
combined impacts of warming, ocean acidification, pollution and
nutrient enrichment.

In order to avoid the most serious adverse impacts that are fore-
seen, the following actions are necessary:

1. Change the course of nations’ CO, emissions

e Accelerate the transformation to a carbon-free economy by
reducing emissions at a national level.

¢ Include the ocean in environmental policies, including sus-
tainability concepts for the use of materials and goods.

e Enforce the goals of the UN Framework Convention on
Climate Change (UNFCCC), overcoming short-term economic
considerations that ignore short- and long-term costs of
climate and ocean changes.
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. Take actions to reduce and further regulate

man-made pollution of the sea

Reduce the use of fertilisers, the discharge of human and
animal sewage, the generation of nutrients from aquaculture.
Improve wastewater management in watersheds.

Halt the dumping and regulate the discharge of waste and
toxic materials. Take urgent action to reduce the input of plas-
tic debris from all sources into the marine system.

Reduce inadvertent transport of non-native species via global
shipping and aquaculture. Strengthen the regulation of
ballast water release.

Implement high global standards in all aspects of maritime
activities by national and international regulations, and im-
prove the coordination of maritime surveillance and scientific
ocean observation.

. End overfishing and protect marine biodiversity

and ecosystem function through research-based
responsible management

Conserve and restore natural fish populations and the ecosys-
tems on which they depend and establish networks of marine
protected areas, including the high seas.

Manage fisheries in a sustainable way and strive to eliminate
illegal, unregulated and unreported fishing.

. Enhance international scientific cooperation to

better predict, manage and mitigate future changes
in the ocean and their impacts on human societies
and the environment

Provide leadership in strengthening and catalysing interna-
tional collaborations. Improve access to study sites, and to
data and models, to enhance our knowledge of the ocean’s
physical, chemical and biological dynamics and interactions
between human wellbeing and ocean ecosystems.

Increase international coordination and provide required infra-
structure and capacity building for sustained ocean observation.
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