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FOREWORD
v

We have made significant progress in reducing the global burden of
infectious diseases over the past few decades. Improved sanitation,
better hygiene practices, and comprehensive prevention and control
efforts have averted countless deaths and saved millions of people from
unnecessary pain and suffering.

However, as exemplified by the COVID-19 pandemic, infectious diseases
remain a pressing threat to global health, particularly as climate change is
poised to exacerbate this issue in myriad ways. Increasing global tempera-
tures have already expanded the areas where climate-sensitive infectious
diseases thrive, putting millions more at risk of diseases such as malaria
and dengue. Climate change will continue to increase the frequency of
extreme weather events, including floods and drought, both of which can
increase infectious disease risk; as seen with COVID-19, lack of access to
clean water inhibits effective hand hygiene and contributes to disease
spread. Urbanization and migration related to climate change, already
underway and expected to grow rapidly in coming decades, will also
complicate the prevention and control of many communicable diseases.

Policymakers and practitioners in all sectors have a responsibility to
address climate change and mitigate its effects on human health, and
this important topic is one of the primary themes of the WISH 2020
research agenda. In addition to our flagship Forum report, Health in the
Climate Crisis: A Guide for Health Leaders, WISH partnered with The BMJ
to commission two collections of peer-reviewed articles, on the effects
of climate change on infectious diseases (this collection, Unheeded
warnings: Mitigating the impact of climate change on communicable
diseases) and the growing challenges of dry cities - Healthy Dry Cities.

UNHEEDED WARNINGS


https://2020.wish.org.qa/topics/climate-change-and-health/
https://2020.wish.org.qa/topics/climate-change-and-health/
https://2020.wish.org.qa/topics/healthy-dry-cities/

Thisreport (and a further collection of articles available online) explores the
key infectious disease challenges related to climate change. It concludes
with a number of recommendations to address these issues and reduce
their associated health risks. We hope that policymakers will use this guid-
ance as part of a wider effort to tackle the threat of climate change and
ensure the wellbeing of future generations.
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SECTION 1. STRENGTHENING THE
GLOBAL RESPONSE TO CLIMATE
CHANGE AND INFECTIOUS
DISEASE THREATS

Jeremy Hess, Laura-Lee Boodram, Shlomit Paz, Anna M Stewart lbarra,
Judith N Wasserheit, Rachel Lowe

y

Global health leaders have identified climate change as the greatest
health challenge of the 21st century.! Impacts on infectious disease are
a particular concern: there is growing evidence that some of the greatest
health impacts of climate change are, and will continue to be, on the
emergence, re-emergence, and spread of infectious diseases.? For at least
two decades, global assessments have highlighted the need to reduce
greenhouse gas emissions®“ and to invest more substantially in climate
and health, including surveillance, preparedness, and response.>%7

The global health response has largely been characterized by skepti-
cism and watchful inaction. The world’s largest global health funders,
including the US National Institutes of Health (NIH)® and the Bill & Melinda
Gates Foundation (BMGF), still lack specific climate and health program-
ming, let alone programming focused on climate change and infectious
diseases. Climate change remains a vanishingly small element of the
portfolio of funders like the European Commission and the Wellcome
Trust that have stepped into the breach. Funding for training, research,
and practice related to climate change and infectious disease has been
limited accordingly.

This is partly because the evidence is difficult to parse.? The rationale for
an association between climate change and infectious disease is clear,
and mosquito-borne pathogens, particularly malaria and dengue, are
of particular concern" given established climate sensitivities of vector
populations.”® But evidence of major impacts of climate change on
communicable diseases has been somewhat limited. The relative impor-
tance of climate variability and change has been difficult to evaluate
among drivers of disease incidence such as globalization, urbanization,
migration, land use changes, poverty, vector-pathogen characteristics,
and control measures. In recent years, the world has seen substantial
declines in many prevalent infectious diseases, including malaria, yellow
fever, lymphatic filariasis, schistosomiasis, onchocerciasis, Chagas disease,
and African trypanosomiasis,”® indicating that other drivers have obscured
any climate change contribution to disease incidence.
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Gaps in the evidence base
Ruling out climate change as a key driver of infectious disease risk
is premature, however, for several reasons (as described in Table 1).
A precautionary approach would argue for more research to settle any

remaining doubts.

Table 1. Gaps in the evidence base’' 718

KNOWLEDGE
GAPS

1. Location

Some areas that have experienced significant shifts in
cilmate, including parts of Africa and the Middle East,
are underrepresented in the evidence base, which limits
conclusions about climatic influences in certain regions.

Jaa)

2. Annual trends
There is limited research on the role of interannual climate

variability, which is important for many infectious diseases
with a marked seasonal component.

3. Extreme events A
Insufficient attention has been paid to impacts of

increasingly frequent and severe extreme weather events,

which can influence the timing and intensity of disease

outbreaks, and hinder response efforts.

In addition, interactions between climate change and other infectious
disease drivers seem to be accelerating. Over two-thirds of human infec-
tious diseases are zoonotic, causing widespread morbidity and mortality.”
Zoonotic disease spillover is determined by interactions between humans
and natural systems.?° Increasingly widespread disruption of landscapes,
and biodiversity through deforestation and agricultural development,
changes socioecological systems, and forces humans, vectors, live-
stock, and pathogens into increasingly closer contact.?’ For example, land
use and land cover changes, in parallel with temperature increase, may
contribute to the spread of leishmaniasis by moderating vector activity.??23
This, combined with unplanned and precarious urbanization, increasing
global connectivity via international travel and trade, and climate varia-
bility, can allow invasive vectors and novel pathogens to spread widely,
with the potential for transcontinental pandemics with devastating public
health, social, and economic consequences.?
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Tipping towards action

Figure 1. Impact of climate change on infectious diseases
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The detection and attribution of climate change effects on infectious
diseases is challenging,?® but substantial progress has been made. Climate
change is emerging as an important driver in several cases. Dengue inci-
dence, for example, has risen sharply over recent decades, and prior
consensus has held that climate change is just one of many contributing
factors.?® But recent analyses indicate that climate change has had a more
decisive role?” and that climate change could have similar effects on other
mosquito-borne diseases in some regions.?® Other analyses have impli-
cated climate change in the increasing incidence of diseases like Lyme
and tick-borne encephalitis.??3° Notably, this evidence has arisen from
groups based in regions with more access to climate change and health
research funds.

Other signs of increasing effects of climate change on infectious diseases
are emerging. For example, malaria incidence is increasing in the high-
lands of Colombia and Ethiopia,*’ Lyme disease is expanding its range
northward as the climate warms,**3* and arboviral diseases are extending
from the tropics into temperate regions globally.®** In Europe, climate
change has facilitated the spread and establishment of West Nile virus
in new regions.®® There are also signs that the autochthonous spread
of some infectious diseases may be facilitated by climatic changes
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increasing ecological suitability (the availability of niches suitable for
vectors and pathogens)’® and vectorial capacity (the ability of the vector
to transmit the disease) in multiple settings.?”3® Emerging evidence rein-
forces concern for the future due to projected warming, urbanization, and
global connectivity,*? including large parts of Europe and Eurasia.*®

The steady acceleration of climate change emphasizes the need for a more
active posture to take advantage of response options while they are still
available. Climate change is accelerating and ecosystems are nearing
dangerous tipping points,*" 4245 promoting infectious disease transmission
through multiple pathways. One common pathway is increased transmis-
sion of zoonotic diseases between wildlife and domesticated animals.**
Other pathways involve ecosystem changes. In wetland ecosystems, for
example, heat and drought conditions may lead to water bodies shrinking
and organic matter becoming more concentrated (eutrophication). Such
conditions favor Culex pipiens, the main vector of West Nile virus.*®* The
acceleration of these trends has the potential to constrain the range of
response options we have at our disposal.*®

Finally, climate change is likely to worsen infectious disease impacts by
increasing sequelae and complicating control efforts. Climate change
is expected to worsen food security and nutritional status,*” limiting
host ability to recover from infectious diseases and worsening sequelae.
Migration, in response to increasingly scarce resources - such as water
and arable land - and sea levels rising,*® is also likely to create fertile
conditions for infectious disease outbreaks that confound conventional
control strategies.

Increasing resilience in global infectious
disease practice

A ‘wait and see’ approach to climate change and health is short-sighted
and invites unnecessary risk. Based on the weight of the evidence and
established calls for specific actions, we recommend key ‘low regrets’ strat-
egies to reduce health risks associated with climate change by improving
the ability to anticipate and engage infectious disease risks effectively.

Reduce carbon footprint

Globally, the health sector emits 4 percent of the world’s greenhouse
gases - more than aviation or shipping,*® sectors that have been scru-
tinized for their climate change contributions. To limit warming to 1.5°C
without carbon removal from the atmosphere, emissions from all sectors
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need to decline to zero by 2050,°° moving well beyond commitments
made in the Paris Agreement. Health sector emissions are driven prin-
cipally by domestic energy system intensity, the carbon intensity of the
domestic economy, and demand for health services.” Major reductions
in the health sector are feasible and consistent not only with main-
taining but also advancing population health. The National Health Service
(NHS) in the United Kingdom is working to reduce its greenhouse gas
emissions by 80 percent from a 1990 baseline by 2050. Strong advo-
cacy from the health sector to reduce carbon emissions is thus one of
the more important levers for reducing its own carbon footprint, as is
investment in energy efficiency in procurement and operations.>>°° These
investments are consistent with the sector’s mission: mitigation activities
have well-established benefits for health,>*>> including reduced pollu-
tion exposure, and less obesity through healthier diets and more walking
and cycling. Other efforts are needed as well. The health sector has been
slow to divest from fossil fuels and should lead by example.®*®575¢ Climate
change mitigation in healthcare systems must be adopted universally to
achieve collectively endorsed mitigation targets. Help for poorer coun-
tries for greening their health sectors should be part of this commitment.
A by-product of responses to the COVID-19 pandemic has been reduced
emissions of greenhouse gases and other harmful co-pollutants.®>® While
they hold the world’s attention, health systems can work to leverage
these temporary reductions, through the mechanisms mentioned
above, and seize the opportunity to promote further greening during
recovery efforts.®®

Increase funding for climate and health

Nations should acknowledge and invest in strategies to further elucidate
links and tackle climate-related health risks. The discipline of climate and
health has been systematically deprived of funding for training, research,
and other activities, including development and testing of interventions.®
There is a conspicuous lack of investment in climate and health from major
global health funders, including the BMGF and the NIH. Although funders
such as the Wellcome Trust have tentatively engaged climate and health
programming, their investments have been relatively timid in ambition
and limited in scope. The Belmont Forum has recently prioritized climate
and health, but direct funding from health agencies is limited, and funds
cannot be spent in the countries most affected, despite their lack of
contribution to the underlying problem and need for capacity.®?

Recent years have seen some positive developments, including invest-
ments from the European Union and other international agencies in the
Caribbean region for climate and health initiatives. This was spurred by
regional advocacy and recognition of the high vulnerability of health
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systems in Caribbean small island developing states, particularly to
climate-related disasters. Nevertheless, investment is directed principally
toward infectious disease diagnostics and therapeutics to tackle nega-
tive health outcomes. Investigating and tackling climate change health
effects and greening global health practices are afterthoughts, despite
the potential for climate change to undermine the global health gains
of recent years.

Frame the problem with a transdisciplinary lens

Framing is important to characterizing problems and identifying response
options. Several interdisciplinary and intersectoral concepts have been
proposed to offer a more proactive and holistic framework for tackling
global health threats, such as EcoHealth, One Health, planetary health,
planetary epidemiology, and planetary wellbeing.?*% These concepts
share the notion that the health of humans, plants, animals, and the planet
are inextricably linked. Other frameworks have identified the central
importance of social determinants of health.5>¢ All of these frameworks
reflect the fundamental importance of multiple sectors and disciplines
coming together to improve health and wellbeing and the potential for
working at cross-purposes when sectors do not work together.

These concepts have been embraced but not fully realized, as noted else-
where in this collection. Transdisciplinary teams can learn to design more
robust surveillance systems, develop innovative methodologies (such
as quantifying and communicating model uncertainty and performing
forecast verification) and effective communication strategies for target
audiences on international, national, and city levels. Such teams could
also bring in climate scientists and meteorologists to satisfy the long-
standing suggestion for a merged community of practice.6”68

A broader frame could also lead to coupled action: efforts to reduce infec-
tious disease effects, such as mosquito net distribution, could be linked
with efforts to electrify villages, facilitating climate change mitigation and
reducing population susceptibility to multiple hazards at the same time.

Incorporate environmental information into public
health practice

The global response to climate change and its effects needs better infor-
mation to support decision-making. The past decade has seen progress
toward integrating climatic data into the surveillance of infectious
diseases. The Global Framework for Climate Services provides guidance
on how to bring climate information into mainstream health sector activi-
ties. Because this has not been broadly adopted in public health practice,
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however, many shortfalls still exist, including the lack of harmonization in
the collection of climate and health data needed to inform climate adap-
tive responses. Integrating Earth observations (from satellites, weather
stations, or drones, for example) and local environmental observations
(such as from citizen science initiatives) into burden of disease estimates
and disease surveillance activities could allow for the early detection of
anomalies and facilitate preemptive actions.

Recognizing the utility of the Global Burden of Disease (GBD) study,
and leveraging experience from that effort, the global health commu-
nity could come together to pursue a major synthesis in environmental
and health data - for example, an effort to link GBD data with data on
ecosystem health and services. The Lancet Countdown on Health and
Climate Change gestures towards such an analysis,®® but there is potential
for more substantial interdisciplinary collaborations, including interac-
tions with policymakers. Leaders from the health community, including
those from the GBD study, have emphasized the importance of such
expanded efforts.”®

These initiatives will need to: quantify and characterize exposure, vulner-
ability and risk for populations and health systems; identify and track
key effects on population health over time; and attempt to identify the
climate change components of infectious disease systems, among other
health risks resulting from the changing climate, to help inform adapta-
tion, mitigation, and surveillance strategies. These efforts will need to
be well crafted, because effective transdisciplinary approaches rely on
early, strong partnerships among diverse scientific experts and stake-
holders (including policymakers, the private sector, and civil society)
to ensure that the outcomes are relevant in guiding and informing actions.
Relevant examples of successful efforts include several assessments of
national vulnerability and adaptation, national adaptation plans for health,
assessments of city climate risk, and projects using available adaptation
funding. The Middle East Consortium on Infectious Disease Surveillance,
for example, highlights the potential for regional collaborations.

Invest in decision-support modeling tools

and communication

Established effective global health practices should be retained but need
to be integrated with other strategies to support management decisions.
Computational models can help disentangle and quantify the role of
multiple infectious disease transmission risk factors, including climatic and
environmental factors, human mobility, socioeconomic status, asympto-
matic infections, and background immunity.
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Predictive modeling has the potential to help decision-makers under-
stand where infections will emerge or spread, or when future epidemics
might occur. Outbreak predictions that use seasonal climate forecasts can
prepare public health systems months in advance of a period of height-
ened risk of disease outbreaks, particularly in areas sensitive to large-scale
climate phenomena, such as the El Nifio-Southern Oscillation.”"7?

Combining novel data streams, including seasonal forecasts and local
seroprevalence data, in early warning systems, could improve predictions
of the timing and magnitude of outbreaks of multiple diseases.”> Modeling
approaches and processes for evaluating future climate change effects
on infectious disease must be co-designed in partnerships involving
public health climate practitioners and aligned with local priorities and
capacities to identify the most appropriate spatial resolution, and tackle
cross-scale problems.”

Supporting uptake of findings from these efforts is also important.
A key component of effective model communication is the provision
of user-friendly interfaces to openly share and visualize results and to
provide access to modeling architecture to allow for scrutiny and repro-
ducibility.”> Educating policymakers and other stakeholders regarding
modeling processes and interpretation of findings is also essential.”®”/

Challenges related to interpreting modeling results have been apparent
in the COVID-19 response: software engineers, decision-makers, and the
public calling for more transparent sharing of evidence used to inform
vital decisions; and policymakers struggling to interpret seemingly dispa-
rate recommendations based on different model outputs. Looking
forward, funders need to consider data science and software engineering
as key components of any scientific tool kit and transdisciplinary epide-
miological taskforce.

Build human capacity in data management, integrated
surveillance, and leadership

Additional investment for incorporating climate considerations into
global health practice, if and when it comes, should support training to
maximize the effectiveness of programmatic investments. Although the
discipline has continued to make halting progress, awareness remains low
among the public health community of climate-related epidemiological
and assessment tools.”® We recommend updated and expanded health
professional educational programming. Sustained funding is essential for:

e risk assessment, intervention development, program evaluation,
and implementation.
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e for training the next generation of climate and health leaders to facili-
tate the requisite interdisciplinary collaborations.

e for maintaining longer term projects for sustained impact and learning
about implementation strategies.

In addition, funders should prioritize support for surveillance that incor-
porates environmental information and skills training for interdisciplinary
practice.”? For example, easy-to-implement, low-cost actions might
include integrating weather data collection with malaria surveillance.®°
A recent study in the Caribbean® found that technical expertise in statis-
tics, data science, and geographic information systems in the health
sector needed to be strengthened to interpret basic climatic information,
and integrate this information into a health early warning system. At the
same time, climate practitioners need a better understanding about the
decision priorities and needs of the health sector to be able to provide
relevant bespoke and useful climate indicators. An early warning system
requires an integrated approach that cuts across research, health and
climate operations, data- and knowledge-sharing platforms, outreach
and education, and in-country response activities. There are challenges
to interdisciplinary design and work of this sort, including the need to
develop shared language, perspective, and methods,?? and future funding
should recognize these concerns. Such climate-resilience actions should
leverage and engage with other global health innovations that aim to
reduce the burden of infectious diseases, such as the development of
rapid, accurate, low-cost diagnostics; novel therapeutics and vaccines;
innovative vector control and surveillance tools; and community educa-
tion and social mobilization via social media.

A call to action in global health practice
Global health has been defined as

an area for study, research, and practice that places a priority on
improving health and achieving equity in health for all people world-
wide ... [that] emphasizes transnational health issues, determinants,
and solutions; involves many disciplines within and beyond the
health sciences and promotes interdisciplinary collaboration; and
is a synthesis of population-based prevention with individual-level
clinical care.®®

The global health community has many actors that pursue this common

agenda, including multilateral organizations; funders, including govern-
ments and foundations; non-governmental organizations (NGOs);

UNHEEDED WARNINGS



researchers; and practitioners. Action on climate and health - called out as
an increasingly urgent priority by the World Health Organization (WHO),
the Intergovernmental Panel on Climate Change (IPCC), and 197 signato-
ries to the Paris Agreement - is squarely in the domain of global health,
including its primary funders, organizations, and partners. Yet the calls
of these muiltilateral organizations and governments have, in most cases,
been met with a tepid response by global health funders and practitioners.

The COVID-19 pandemic has taught us the consequences of unheeded
warnings, and similar effects, drawn out over a much longer timeframe,
are increasingly likely as a result of years of inaction on climate and health.
There is now increased attention on the importance of core public health
systems and the global conditions that lead to disease emergence and
pandemic spread. This is an opportunity for the global health commu-
nity, particularly its funders, researchers, and practitioners, to better align
with WHO and IPCC in their calls for action on climate and health, and
usher in a new age in global health practice. The climate is changing
rapidly, time is short, and options are increasingly limited: strong action
must be taken now.

The global health community of governments, particularly the G20,
and funders, particularly leaders including the NIH, the BMGF, and the
Wellcome Trust, must seize the moment and take up the recommenda-
tions from WHO, the IPCC, and increasingly vocal members of the global
health research and practice communities to prioritize equity, efficiency,
and sustainability®* including vigorous action on climate change and infec-
tious disease. To protect hard-won gains, the global health community
needs to recognize its shortcomings, broaden and expand its perspective,
assume a proactive posture, and intensify its activity.

Our vision is for a sustainable, proactive new age in global health, in which
it expands its frame, leads by example, works with partners from other
disciplines, invests in new skill development and interventions, and is resil-
ient to extreme events, shocks, and large population movements.

A reorientation of global health practice requires input and engage-
ment from all of its actors. Development and health agencies need to
incorporate recommendations for changing priorities and practice.
Funders - particularly the BMGF, which has a disproportionate effect
on information flow and priority setting through its support of the GBD
study - have an important role to play in framing the problem, promoting
transdisciplinary approaches, and increasing transparency and accounta-
bility. Opportunities to expand current efforts to incorporate climate action
abound. Assessments of action on the sustainable development goals
(SDGs) and their health impacts,®>8¢ for example, could easily expand to
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incorporate climate action. Both governments and funders have impor-
tant roles in prioritizing decarbonization in global health programming,
practice and research, including efforts to green global health supply
chains and reduce health sector carbon intensity. Practitioners have a role
to play as well, by demanding that investment in transdisciplinary training
and data integration become routine, and creating pathways for career
development in climate and health.

Health organizations, including ministries and large NGOs, should engage
with scientists from various disciplines (such as climatology, ecology, social
sciences, biology, and modeling) to design and prioritize policy-oriented
research, including strengthening and evaluating adaptation of the health
systems. This involves greening our own practice; investing in substantial,
durable interdisciplinary activities and effective data sharing; breaking
down informational and disciplinary silos; wrestling with complex issues
beyond diagnostics and therapeutics; and supporting decisions that
reduce health risks across multiple sectors. This will take substantial,
sustained investment, development of new training pathways, support
of new data streams, and commitment to working with stakeholders,
including communities and policymakers.

Global health needs to think more holistically and act more compre-
hensively. We know what challenges climate change brings and how to
respond. Now we need the will.

Key recommendations

o Prioritize decarbonization, including in the health sector and global
health practice.

o Increase funding for climate and health research and practice.

o Encourage a transdisciplinary approach and support interdisci-
plinary activity.

. Incorporate environmental information into public health practice
and assessments.

. Invest in decision-support modeling tools and communication.

o Build human capacity in data management, integrated surveil-
lance, and leadership.

UNHEEDED WARNINGS



SECTION 2. TRACKING INFECTIOUS
DISEASES IN A WARMING WORLD

Kris A Murray, Luis E Escobar, Rachel Lowe, Joacim Rockldv,
Jan C Semenza, Nick Watts

g

In one of the first articles published by The BMJ on climate change in 1991,
Haines wrote: “Eight of the hottest 10 years this century have occurred
since 1980.787 Noting the influence of temperature on the life cycles of
several vectors, hosts, and pathogens, Haines went on to question the
implications of predicted climate change for many infectious diseases. It is
discomforting that today, three decades later, circumstances have hardly
changed, and that early forecasts have begun to ring true.®8° Eight of the
10 hottest years on record have now occurred since 2010;°° associations
between climate change and the burden, transmission, or distribution
of many infectious diseases (principally caused by protozoan, helminth,
vector-borne, foodborne, soilborne, and waterborne pathogens) are
increasingly being reported;® the European Centre for Disease Prevention
and Control (ECDC) now ranks climate among the most frequently impli-
cated ‘drivers’ of infectious disease threats;”? and WHO now recognizes
climate change as one of the major health challenges of the 21st century.®?

Insuch arapidly changing world, how canresearchers, health professionals,
and policymakers keep track of the risks and intervene accordingly? How
can policy options be evaluated, particularly when aiming to achieve
globally agreed sustainable development, environmental (including the
Paris Agreement), and health management targets?949°

One emerging strategy is the use of climate change ‘indicators’, which
aim to keep track of historical and future predicted trends in key impact
areas related to climate change. Such indicators have taken on a range of
functions, including quantifying and characterizing exposure, vulnerability,
and risk for both populations and health systems, identifying and tracking
key impacts on population health, and evaluating changes in adaptive
capacity and resilience.?® Indicator initiatives explicitly aim to go beyond
the fractured, and often inconsistent, evidence base presented in the
primary scientific literature to bring together or generate relevant infor-
mation in some generally consistent fashion. They also tend to focus more
specifically on the analysis of trends through time, often with an emphasis
on accessible yet powerful data sharing and visualizations to stimulate
action across sectors and track progress towards some predefined
targets. Here we illustrate how climate-sensitive infectious diseases
(CSIDs) are being used as climate change indicators to help stimulate and
inform public health responses to climate change.
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Climate change and health indicators

An example of a benchmark for the guantification and comparison of
varying health outcomes is the Global Burden of Disease (GBD) program.®’
This quantifies death and loss of health and wellbeing from hundreds of
diseases and their risk factors, and is used to guide health surveillance
and improve global health management policies. However, although the
GBD program estimates the global burden of several CSIDs, it does not
capture some important but difficult to define health impacts, including
from health inequalities or climate change.”®

Several climate change indicator initiatives, ranging in scale from local
to global, seek to partially fill this gap. Indicator initiatives specifically
targeting climate change and health are relatively recent but have been
advocated for widely; examples of key efforts are summarized in Table 2.

Table 2. Indicator initiatives targeting climate change and health

Type of initiative Key examples

Learned societies The State Environmental Health Indicators
Collaborative (SEHIC)®®

Health authorities The US Centers for Disease Control and
Prevention (CDC)'°©

Government agencies The US Environmental Protection Agency,'”©' the
European Environment Agency, and the forthcoming
proposal for an EU observatory for climate change
and health, and the EU Adaptation Strategy planned

for 2027102
Funders The Wellcome Trust'os
Academic consortiums The Inter-Sectoral Impact Model Intercomparison

Project’®* and the Lancet Countdown on Health and
Climate Change'©®

Where numerous indicator initiatives have tackled some of the more direct
impacts of climate change on health, or those for which greater volume
and quality of data exist (for example, heat-related mortality), few indi-
cators exist for more complex, indirect impact areas such as infectious
diseases. For example, the CDC’s Environmental Public Health Tracking
Network currently reports on flood and heat vulnerability trends, but not
infectious diseases.'?®
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Global trends in climate-sensitive infectious
diseases (CSIDs)

Current CSID indicators focus primarily on the climatic suitability or popu-

lation vulnerability components of disease transmission risk, as opposed
to case or burden data.

To illustrate, we briefly highlight some of our work as part of the Lancet

Countdown on Health and Climate Change,'?” for which we have devel-

oped indicators to:

1. assess spatial and temporal trends in the environmental suita-

bility for CSID transmission (for dengue, malaria, and pathogenic
Vibrio bacteria).

2. evaluate the changing basis of population vulnerability to arboviruses

(that is, factoring in national characteristics that define their propen-

sity to be adversely affected by infectious disease threats, such as
public health measures).

Briefly, indicator analyses for dengue, malaria, and pathogenic Vibrio

bacteria show increases in the environmental suitability for disease trans-

mission over past decades. For example, 2017 was the second most
suitable year on record for the transmission of dengue virus, with average
increases of 7.2 percent and 9.8 percent in vectorial capacity observed
in the past five years compared with a 1950s baseline for the key vectors
Aedes aegypti and A. albopictus, respectively (see Figure 2).

Despite these increases, country-level vulnerability to dengue outbreaks
(that is, exposure to mosquitoes after controlling for the presence of
disease-relevant public health measures) has decreased globally by
31 percent since 2010, although some regions remain more vulnerable
than others and progress has reversed in these regions in recent years (see
Figure 3). The number of suitable months per year for the transmission of
malaria (Plasmodium falciparum) in the African highlands has increased
by 29.9 percent in the past five years compared to a 1950s baseline.

By contrast, other regions do not show an increasing trend for malaria,
potentially due to some areas (for example, lowlands) becoming too

warm or experiencing shifts away from the combinations of temper-

ature, rainfall, and humidity that enhance transmission (see Figure 4).
For waterborne diseases caused by pathogenic Vibrio bacteria, similarly

strong increases in the percentage of coastal area suitable for transmis-

sion are observed at northern latitudes (40-70° N) (see Figure 5 top), in
the Baltic Sea (Figure 5 middle) and along the north east coast of the
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US (Figure 5 bottom). The number of days per year suitable for Vibrio
in the Baltic reached 107 in 2018: double the early 1980s baseline
(Figure 5 middle).

Figure 2. Dengue vectorial capacity over time
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Note: Mathematical models of dengue vectorial capacity for A aegypti and A albopictus mosquitoes
reveal temporal changes in the potential for dengue transmission due to a warming climate since 1950.
For details on methodology and expanded interpretations, see the Lancet Countdown on Health and
Climate Change.'o®

Figure 3. Improved public health measures against dengue,
by region, over time
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Note: Despite the increases in environmental suitability for dengue shown in Figure 2, improved public
health measures have, on average, lowered vulnerability to dengue outbreaks across most regions
since 2010, although some recent reversals in this trend are observed in the more vulnerable regions.
For details on methodology and expanded interpretations, see the Lancet Countdown on Health and
Climate Change.'®®
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Figure 4. Number of malaria transmission months,
by region, over time
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Note: The number of suitable months a year for malaria transmission during the period 1950-2017,
as determined by combinations of temperature, rainfall, and humidity, are increasing predominantly
in the African highlands (ie, elevation >=1,500 m). No change or subtle declines in environmental
suitability are observed in other regions. For details on methodology and expanded interpretations,
see the Lancet Countdown on Health and Climate Change."®
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Figure 5. Environmental suitability for Vibrio pathogen,
by region, over time
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Note: Change in environmental suitability for pathogenic Vibrio outbreaks as determined by observed
correlations with sea surface temperatures and ocean salinity. This model suggests that suitability

is increasing predominantly in the northern hemisphere (top: northern latitudes=40-70°N; tropical
latitudes=25°S-40°N; southern latitudes=25-40°S). More detailed analysis by region shows, for
example, that the Baltic Sea (middle) and the US north east coast (bottom) are also increasingly
suitable for Vibrio outbreaks due to climate change. For details on methodology and expanded
interpretations, see the Lancet Countdown on Health and Climate Change.”
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Challenges

Each CSID indicator aims to capture the environmental suitability of
disease transmission by mathematically linking preferred conditions for
transmission with climate input data. This allows the long-term assess-
ment of how environmental suitability for disease transmission has
changed in recent decades, providing an initial step towards the attribu-
tion of disease risk to anthropogenic climate change.

Attribution of the underlying climate trends to human greenhouse gas
emissions is highly robust;"? however, it remains difficult to isolate the
specific fraction of observed cases of each disease to climate change at
large spatial scales given the range of other environmental and socioeco-
nomic covariates at play. These include health inequality (that is, potential
for the population to be harmed by a disease due to differential access to
healthcare), land use, biodiversity, urbanization, travel and tourism, and
global trade. Many of these factors are themselves influenced by climate
change and exhibit strong spatial and temporal heterogeneities, illus-
trating the depth of the complexity of resolving realized climate change
impacts on CSID burdens at continental or global scales."™

In addition, this set of indicators comprises several different methods (for
example, threshold based, mechanistic, correlative models), data sets
(for example, baseline gridded climate data), metrics (such as percentage
change versus raw change in suitability, indices of environmental suita-
bility versus specific metrics such as vectorial capacity), and temporal
windows (for example, baseline period, length of time series).

Different methods reflect the project’s participatory, in kind, reformula-
tion approach. However, a more systematic effort is needed to prioritize
formally and objectively which diseases should be tracked, to develop
standardized methodologies across diseases (when possible), and link
outcomes to trends in other sectors, such as food security and access to
healthcare, for a range of downstream uses.

Data sharing, use, and public
health application

A wide range of public health stakeholders, ranging from the Global
Climate and Health Alliance to the International Council of Nurses and the
Royal College of Physicians, are increasingly engaged in climate change
as a health issue. These professionals depend on both the generation of
new medical evidence to drive this agenda forward, and the presentation
of evidence in a way that they readily understand and can amplify to help
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drive mitigation (for example, actions to reduce greenhouse gas emis-
sions of healthcare infrastructure and services) and adaptation strategies
(such as identifying CSID hotspots, designing surveillance networks, and
early warning systems) to prepare for the changing risks from CSIDs to
reduce their impacts.

Improving access to robust climate change risk assessments for health
exposures and outcomes allows users to explore and appreciate the spatial
and temporal heterogeneities in climate-related health risks relevant to
local and co-ordinated management. For instance, the Lancet Countdown
CSID indicators can be explored through an online visualization plat-
form"™ to highlight geographic areas that may be experiencing increases or
decreases in disease risk, identify locations that require more research for
amore accurate understanding of CSID risk, or highlight human populations
where inequity gaps require urgent intervention to reduce vulnerability to
emerging climate change related public health threats.

Accessible data-sharing platforms provide a powerful avenue for users
to visualize and interact with data, to appreciate the current situation in
the context of the longer-term trajectory, and to evaluate the growing
momentum of certain trends through time, and see the often invisible
build-up towards potential health crises. They also highlight the potential
downstream impacts that greenhouse gas emissions today could have on
health outcomes in the future.

Furthermore, given the scale and pace of the challenge that climate
change presents, CSID indicator outputs must be paired with dedicated
efforts to ensure that they are translated into languages and formats that
a wide range of audiences understand, ideally co-designed with policy-
makers and potential users. The development of an extensive network of
policy and research partners is necessary to link key health bodies (such
as the World Health Assembly, the World Health Summit, and the United
Nations Framework Convention on Climate Change’s decision-making
body) with health scientists and practitioners. Similarly, scientific litera-
ture must be paired with policy briefings, engaging narrative, and creative
outputs if it is to engage across disciplines and help to draw out the local
media and policy stories that may otherwise be hidden (for examples, see
Lancet Countdown on Health and Climate Change).™

Collaborations and investment

Climate change is increasingly being recognized as a public health emer-
gency."® Health risks and impacts will continue to grow unless the global
community raises its collective ambition to meet the Paris Agreement,
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which aims to keep the world below 2°C warming, and preferably
below 1.5°C."V This goal, however, requires evidence-based, transforma-
tive, and immediate action to curb greenhouse gas emissions.

While monitoring changes in climate under the Paris Agreement is
crucial, equally important is the monitoring of potential health risks
related to climate change. Better data for tracking infectious disease in
a warming world requires a robust evidence base, recognizing that the
challenges posed by climate change to health are substantial in size,
complexity, and scope.

Initiatives to track the impacts of climate change (including increased
variability in extreme events) and the effects of adaptation efforts on
CSIDs have recently emerged to meet this challenge. The development
and implementation of indicators calls for international, multidisciplinary
research collaborations dedicated to monitoring, analyzing, antici-
pating, and communicating the links between climate change and health
across the world.

Greater investment is required to help such initiatives realize their full
potential to accurately identify the contribution of climatic drivers of
infectious disease risk across space and time. In turn, identification and
dissemination of climate-disease trends will signpost researchers, policy-
makers, health professionals, and the general public towards more
informed, preemptive mitigation and adaptation actions to guide public
health practice to an accelerated response to what has been termed by
WHO as the “greatest global health threat of the 21st century.”"®

Key recommendations

Development, standardization, and implementation of climate change
and health indicators requires multidisciplinary research collabora-
tions and major investment.

o A systematic assessment of climate-sensitive infectious diseases is
required to prioritize diseases for tracking.

o Standardized methodologies across diseases are needed with out-
comes linked to trends in other sectors.

o Indicator outputs should be accessible and translated into
languages and formats for diverse audiences, co-designed with
policymakers and users.

o Scientific reports should be paired with policy briefings, engaging
narrative, and creative outputs to maximize media coverage and
policy engagement.
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SECTION 3. SCALING UP CROSS-
BORDER CO-OPERATION TO TACKLE
CLIMATE AND DISEASE THREATS

Ingrid Torjesen

g

Climate change and infectious diseases do not respect borders, and
tacklingthethreatstheypresentrequiresdialogue,co-operation,andcollab-
orative working. The challenges this poses cannot be underestimated in
a region like the Middle East, beset by political differences, a long history
of conflict, and huge displaced populations. The region is one of the most
vulnerable in the world to the effects of climate change, and it is already
experiencing increasing temperature rises, reduced rainfall, and increas-
ingly arid conditions.

These conditions have contributed to the recent surge of vector-
borne diseases such as leishmaniasis, the re-emergence of West Nile
fever, and the rise in foodborne diseases such as salmonellosis in the
region. To tackle these, and emerging communicable diseases such as
COVID-19 and Middle East Respiratory Syndrome (MERS), requires data
sharing and co-operation among researchers and governments across
political borders. Various diplomatic bridges exist, but these will have to
be expanded and replicated. One long-standing initiative is the Middle
East Consortium on Infectious Disease Surveillance (MECIDS). It was
established in 2003, with funding and support from the Nuclear Threat
Initiative, a US NGO.

The aim of MECIDS is to improve laboratory capacity and infectious
disease control among three neighboring territories: Israel; Jordan; and
the Palestinian National Authority. It was prompted by the WHO revi-
sion to the International Health Regulations, which set rules for improving
communication between WHO and member states and mandated that
every country has the laboratory capacity to rapidly identify outbreaks,"
and to improve biosecurity after the 11 September 2001 terrorist attacks,
to enable rapid response to intentional misuse of a pathogen.

Israel is considered part of WHO’s European region rather than the
Eastern Mediterranean region, and opportunities for dialogue between
the three governments through WHO were limited. The consortium set
out to develop dialogue among academia and the health ministries of the
three partners on infectious disease surveillance. It created a channel for
the exchange of information and a way to respond rapidly in the event of
an emerging situation, such as the 2009 flu pandemic and outbreaks
of Severe Acute Respiratory Syndrome (SARS) or MERS.
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Salmonellosis as prototype infection

The consortium has developed a continuous surveillance system for
foodborne diseases, which can easily be transmitted across borders
through the exchange of food and displaced populations, for which
salmonellosis was the prototype infection. Each of the three territories
has a network of sentinel laboratories feeding into one of three central
reference laboratories and data analysis units and, in turn, these feed into
a regional data analysis unit in Jordan.””® The consortium is also increasing
surveillance of resurging vector-borne diseases, such as leishmaniasis and
West Nile fever.

Climate change is raising the incidence of all these infectious diseases. As
temperatures rise, food spoils and bacteria multiply faster, and there have
been increases in the populations of sand fly, mosquito, migratory bird,
and rodent vectors.

MECIDS also provides training and networking opportunities for epidemi-
ologists and laboratory technicians through summer schools and virtual
events to build capacity and collaboration among the workforce. It claims
that its success in this challenging political environment is down to the
involvement of both academia and the three territories’ health ministries,
so that it had the power to bring real change.

Models of working in Africa and Asia

The model has been extended and copied to other regions with political
tensions and conflict, such as the Balkans and in Africa and Asia. This has
been enabled through Connecting Organizations for Regional Disease
Surveillance, an overarching organization also set up with the support of
the Nuclear Threat Initiative and currently part of Ending Pandemics, an
NGO aiming to find and stop pandemics before they spread.

In future MECIDS hopes to work with other neighboring countries, perhaps
including more permanent partners. Many other organizations are keen
to enable more co-operation in the region to tackle common environ-
mental and health threats.

The Gulf Cooperation Council, a forum of Arab states, is conversing on
health security, infectious diseases, environmental health, and climate
change - as well as how to shift Gulf economies from high to low carbon
and towards more sustainable development.
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The World Bank’s stated aim is global poverty reduction and it funds
projects at the nexus of climate change and infectious disease.
Campaigners lambast it for continuing to subsidize fossil fuel extraction,
despite the bank screening all potential projects as part of its Climate
Change Action Plan.’”

More than 10 years ago the World Bank helped to establish a platform to
promote health policy dialogue and health system strengthening across
theregion - the Middle East and North Africa Health Policy Forum. Its initial
focus was on health governance, service delivery, and quality of care, and
it also has a keen interest in climate change and infectious diseases. The
World Bank has tools that could be used to assess vulnerability at country
level to the impact of climate change on health projections and health
systems, which it has offered to the forum. These tools could highlight
synergies between countries that regional-level projects could target.

The World Bank says that its initiatives in Africa could be replicated in the
Middle East and North Africa. These include the Africa Centres for Disease
Control and Prevention, which focus on strengthening regional and conti-
nental infectious disease detection and response systems for public health
emergency with cross-border or regional implications. It is mandated to
deploy responders in consultation with affected member states.

Another initiative is the Regional Disease Surveillance Systems Enhance-
ment, which strengthens national and regional capacity for collaborative
disease surveillance and epidemic preparedness in West Africa, including
data sharing and an early warning system for outbreaks.

Key recommendations

o Countries in the Middle East need to increase collaboration among
governments and researchers to tackle looming threats from the
impact of climate change on infectious disease.

o Existing diplomatic bridges, and multilateral projects in the region
and beyond that are tasked with disease surveillance and respond-
ing to outbreaks, should be replicated and scaled up.
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“EVERY COUNTRY AND EVERY REGION

MUST ACT IN CONCERT”
v

“The global COVID-19 pandemic is a powerful reminder that we must look
at evolving scientific data to make informed policy and program deci-
sions, and we must act in open, collaborative, and constructive ways
across borders. If not, the results can be catastrophic,” physician and
public health administrator Margaret Hamburg told The BMJ. She is
former foreign secretary of the US National Academy of Medicine and
the immediate past board chair and president of the American Associ-
ation for the Advancement of Science, and she sits on the board of the
NGO that established the Middle East Consortium on Infectious Disease
Surveillance in 2003.

She continued, “Climate change - and its widespread implications,
including for health - represents an even more devastating ‘pandemic in
slow-motion’. Now is the time to take it seriously, and every country and
every region must act in concert, knowing that we are all in this together.”

Tamer Rabie, lead health specialist at the World Bank’s Health, Nutrition
and Population global practice, told The BMJ: “Climate change can act
as a stress multiplier to existing health challenges in the [Middle East]
region, adding additional pressures on already scarce resources. The
region presents a unigue context that requires concerted efforts that
would allow working across countries while addressing the underlying
political economies.”

MECIDS is “a ready-made prime example” of the type of initiative that can
work in the Middle East, he points out.

Sari Husseini, MECIDS’s executive officer and a Palestinian, told The BMJ:

“The Ministries of Health of Jordan and Israel remain active participants in

MECIDS, with the Palestinian Health Ministry acting as an active partici-
pant until 2016, when it formally removed itself. However, key Palestinian
public health professionals, many of whom are in close contact with the
ministry, remain directly involved in MECIDS, allowing the organization to
retain its distinctive tripartite character.

“MECIDS is the only active trilateral health project among Palestinian,
Israeli, and Jordanian Health professionals. MECIDS has been holding
virtual meetings to exchange information and determine a work plan and
to develop a media awareness campaign regarding COVID-19, focusing
on World Health Organization guidelines,” she said.

UNHEEDED WARNINGS



30

“An efficient and successful containment of COVID-19 will require increased

co-ordination between government officials across the Middle East and
North Africa region, outside of Israel, West Bank/Gaza, and Jordan. For
this reason, MECIDS seeks to interface with foreign public health officials
from extraneous countries in the region, for example, Egypt and the Gulf
Cooperation Council.”

Daniel Cohen, chair of the MECIDS board and professor and acting head
of the Tel Aviv University School of Public Health, Israel, told The BMJ:

“We exchange information continuously. It is so important to share infor-

mation and to have data to respond to. We didn’t want just to be an NGO.
And, if you do research, you can have partners in academia, no problem,”
he says. But the consortium wanted the power to have its findings applied
by including government. “That was the importance of having those who
can take decisions and do interventions on board.” At times of increased
tension, the balance of involvement of the ministries and academia among
the partners can alter. “In these situations academia takes the lead, and
the NGOs are more predominant,” Cohen explains. “At other times the
ministries are more active.”

“Dealing with health concerns and threats has brought people

together,” thinks Cohen.
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SECTION 4. CONCLUSION: STRATEGIES
TO REDUCE THE HEALTH RISKS

ASSOCIATED WITH CLIMATE CHANGE
v

Climate change is increasingly recognized as a public health emergency
that poses health challenges that are substantial in size, complexity, and
scope - especially infectious disease.”? A ‘wait and see’ approach is short-
sighted and has invited unnecessary risk, and a change of course is needed.
Below, we outline some ‘low regrets’ strategies to reduce the health risks
associated with climate change by improving the ability to anticipate and
engage with infectious disease risks effectively (as outlined in Figure 6).

1. Increase cross-border co-operation

Infectious diseases do not recognize political borders. Countries will need
to increase collaboration among governments and researchers to tackle
looming regional and global threats from the impact of climate change
on infectious disease. Existing diplomatic solutions should be expanded,
and the many multilateral projects that are tasked with disease surveil-
lance and responding to outbreaks are blueprints for co-operation that
should be replicated and scaled up.

2. Reduce greenhouse gas emissions in all
sectors, including healthcare

Health risks and impacts will continue to grow unless the global commu-
nity raises its collective ambition to meet the Paris Agreement targets,
which aim to keep the world below 2°C warming, and preferably
below 1.5°C.?* However, this goal requires evidence-based, transforma-
tive, and immediate action to curb greenhouse gas emissions. Globally,
the health sector emits 4 percent of the world’s greenhouse gases, which
is more than aviation or shipping.” Reduced emissions of greenhouse
gases is a by-product of the response to the COVID-19 pandemic.”®> While
COVID-19 holds the world’s attention, health systems can seize the oppor-
tunity to promote further greening during recovery efforts.1?®
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3. Increase funding for climate and health

Nations should invest in strategies to further establish links between
climate change and health and tackle climate-related health risks. The
discipline of climate and health is systematically deprived of funding
for training, research, and development and testing of interventions.”?’
Despite some positive recent developments, there is a lack of investment
in climate and health from major global health funders.

4. Frame the problem with
a transdisciplinary lens

Interdisciplinary and intersectoral concepts are proposed for tackling
global health threats, such as EcoHealth, One Health, planetary health,
planetary epidemiology, and planetary wellbeing.”®?° These concepts
share the notion that the health of humans, plants, and animals and the
planet are inextricably linked. Other frameworks are based on social deter-
minants of health.*% ™" These concepts are widely embraced but not fully
realized. Transdisciplinary teams that include climate scientists and mete-
orologists as well as health professionals can create a merged community
of practice. They can design more robust surveillance systems, develop
innovative methodologies and effective communication strategies in city,
national, and international settings.'¥2133

5. Incorporate environmental information into
public health practice

The global response to climate change and its effects needs better infor-
mation to support decision-making. The development and implementation
of indicators integrating climate data into the surveillance of infectious
diseases calls for international, multidisciplinary research collaborations
dedicated to monitoring, analyzing, anticipating, and communicating
the links between climate change and health worldwide. Greater invest-
ment is required to help such initiatives realize their full potential. In turn,
identification and dissemination of climate-disease trends will signpost
researchers, policymakers, health professionals, and the general public
toward more informed, preemptive mitigation and adaptation actions,
and guide public health practice to an accelerated response.’

UNHEEDED WARNINGS



6. Invest in modeling tools that predict
future epidemics

Computer models can help disentangle and guantify the role of multiple
infectious disease transmission risk factors, including climatic and envi-
ronmental factors, human mobility, socioeconomic status, asymptomatic
infections, and background immunity. Models can also provide insight into
which modifiable factors are most important for achieving management
goals. Predictive modeling can help decision-makers understand where
infections will emerge or spread, or when future epidemics might occur.
Early warning systems for outbreaks of diseases combine novel data
streams, including seasonal forecasts and local seroprevalence data.®*

7. Align with local priorities and capacity needs

Modeling approaches and processes for evaluating future climate change
effects on infectious disease must be co-designed in partnership with
public health climate practitioners, and aligned with local priorities and
capacities to identify the most appropriate challenges and solutions and
tackle cross-sectoral problems.’s®

8. Communicate, disseminate, and educate

User-friendly interfaces are key to effective communication, to visualize
and share results. They also provide access to the modeling to allow
models to be scrutinized and reproduced.*® It is also essential to educate
policymakers and other stakeholders about the modeling processes,
important ways modeling can support decisions, and how to interpret
the findings.137138

9. Invest in technology and widespread
data availability

Data science and software engineering are key components of any trans-
disciplinary epidemiological taskforce. Data transparency and availability
are essential. Systems for monitoring, surveillance, and disease control
depend on the latest technologies and how they allow integration of data
across disciplines.
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10. Build human capacity in data management,
integrated surveillance, and leadership

The public health community’s awareness of climate-related epide-
miological and assessment tools remains low.®® Sustained funding is
essential: for risk assessment, intervention development, program eval-
uation, and implementation; to train the next generation of climate and
health leaders and encourage interdisciplinary collaborations; to maintain
longer-term projects for sustained impact; and to learn about implemen-
tation strategies. Also, funders should prioritize support for surveillance
that incorporates environmental information and skills training for inter-
disciplinary practice.“©

Key recommendations

o Prioritize decarbonization, including in the health sector and global
health practice.

J Increase funding for climate and health research and practice.

o Encourage a transdisciplinary approach and support interdisci-
plinary activity.

o Incorporate environmental information into public health practice
and assessments.

o Invest in decision support modeling tools and communication.

. Build human capacity in data management, integrated surveil-
lance, and leadership.
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Figure 6. Roadmap for action in climate change
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