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ABOUT PERRY WORLD HOUSE

Perry World House is a center for scholarly inquiry,
teaching, research, international exchange, policy
engagement, and public outreach on pressing
global issues. Perry World House's mission is to
bring the academic knowledge of the University of
Pennsylvania to bear on the world's most pressing
global policy challenges and to foster international
policy engagement within and beyond the Penn
community.

Located in the heart of campus at 38th Street

and Locust Walk, Perry World House draws on

the expertise of Penn’s 12 schools and numerous
globally oriented research centers to educate the
Penn community and prepare students to be
well-informed, contributing global citizens. At the
same time, Perry World House connects Penn with
leading policy experts from around the world to
develop and advance innovative policy proposals.

Through its rich programming, Perry World House
facilitates critical conversations about global policy
challenges and fosters interdisciplinary research on
these topics. It presents workshops and colloquia,
welcomes distinguished visitors, and produces
content for global audiences and policy leaders, so
that the knowledge developed at Penn can make
an immediate impact around the world.



> SECTION 1

Background

The World Health Organization (WHO) has called
climate change “the single biggest health threat
facing humanity” (WHO, 2023). With warming at
approximately 1.14°C above preindustrial levels
and set to increase, the Intergovernmental Panel
on Climate Change (IPCC) predicts with very high
confidence that climate-related illness will also
rise (IPCC, 2022). While climate-driven threats

to public health are vast and complex, trends in
vector-borne diseases (VBDs), which cause more
than 700,000 deaths annually (WHO, 2020), are a

fast-rising concern.

As the world rapidly warms, where and how
vectors, such as mosquitoes and ticks, thrive and
transmit disease will impact public health. By
2050, some 50 percent of the global population
may be exposed to disease-transmitting vectors
(IPCC, 2022). Already, between 2013-2022, 17
percent more of the world became warm enough
and wet enough to support malaria transmission
(Wong, 2023). Dengue fever is expected to intensify
where it is already endemic and spread to parts of
Asia, Europe, North America, and Australia (Sur-
prenant, 2023). Throughout 2023 and into 2024,
the Andean region battled record levels of dengue,!

and in 2023, California saw its first-ever locally

transmitted case (Teirstein, 2024). As vectors move
due to the changing climates they inhabit, they will
interact with previously unexposed or “immuno-
logically naive” hosts (Ryan, et al., 2019; Colén-
Gonzdlez, et al., 2021), opening new possibilities
for outbreaks of rare diseases and even the next

pandemic (Teirstein, 2024).

Other global trends like rapid urbanization, migra-
tion, and growing socioeconomic inequality, includ-
ing in access to healthcare, will shape the challenge
(Mahon, 2024). By 2050, two billion more people
are expected to inhabit urban areas—some 68
percent of the global population. The majority of
urban dwellers will live in unplanned informal set-
tlements in Asia and sub-Saharan Africa (United
Nations-DESA, 2018; United Nations-Stat, 2021).
More densely populated urban spaces, especially
those with insufficient infrastructure and services
like window screens, plumbing, or trash collec-
tion may underwrite vector breeding and disease
transmission (Nolan, 2023). These could be offset,
however, with sound urban planning and increased
access to healthcare. Climate-related migration
(possibly 1.2 billion climate migrants by 2050)
(United Nations-Stat, 2021) and conflict could
pose additional public health stressors. As with all

1 The Andean region is a bellwether for how climate change and vector-borne disease could affect public health. In 2023, Peru

battled its worst dengue outbreak on record, recording more than 270,000 cases—nearly four times the number in 2017, the

last EI NifAo year. In 2024, dengue fever cases continue to rise. Meanwhile in Ecuador, eight thousand dengue cases were

reported since the beginning of 2024. As of March, 1.87 million suspected cases were reported across the Americas,

representing an increase of 249 percent from the same period in 2023


https://www.washingtonpost.com/world/2023/05/31/peru-dengue-fever-climate-change/
https://www3.paho.org/data/index.php/es/temas/indicadores-dengue/dengue-nacional/9-dengue-pais-ano.html
https://www.telesurenglish.net/news/Ecuador-Reports-7-Deaths-More-Than-8-Thousand-Cases-Dengue--20240313-0017.html
https://www.cdc.gov/mmwr/volumes/73/wr/mm7304a4.htm
https://thebulletin.org/biography/zoya-teirstein/
https://thebulletin.org/biography/zoya-teirstein/

crises and/or shocks, those with the least resourc-
es to cope will bear the worst impacts—globally,
nationally, and locally (Magalhées, 2023).

To begin addressing these evolving challenges and
to advance discourse and policy solutions at the
nexus of climate change and health, Perry World
House convened the workshop “Preparing for
Vector-borne Disease in a Warming World.” The

conference brought together academics, policy-

makers, and practitioners from a variety of insti-
tutional and national contexts to discuss how the
frontier of VBD is changing, to identify gaps and
needs, and to extract lessons learned, specifically,
from the recent outbreak of dengue in the Andean
region. Building on Perry World House’s work on
climate change adaptation, participants put forth
actionable policy solutions and measures that
could be taken to stem VBDs in the future.
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Sound Data,

Comprehensive Monitoring
and Collaborative Science

A panel of experts discussed the changing fron-
tier of VBD given predicted trajectories of global
warming. One panelist presented the “burning em-
bers”? synthesis of how risks in a particular system
could change with additional warming. Even in a
“middle of the road” adaptation scenario, a 2°C
rise above preindustrial levels is likely to cause a
high impact on and risk of malaria, dengue, Lyme
disease, and other VBDs. In the best-case scenario,
where adaptation is more effective than it is today
in preventing adverse climate-sensitive health out-
comes, the predicted impact of climate change on
diseases like dengue and malaria improves, but the
threat remains moderate to high (IPCC, 2022).

Despite efforts to map and model the prevalence
and spread of disease as temperatures rise, pan-
elists highlighted that global trends in VBD are
not sufficiently documented and that data on the
health impacts of climate change remain inade-
quate. They underscored the need for more and
better data at appropriate and comparable scales
that could, for instance, overlay weather patterns
with vector behavior. They suggested employing
community surveillance and science as ways to
ascertain large amounts of data while engaging and
informing local people. The experts also discussed
the need to change incentives to reward collabo-
ration in academia and science, which could feed

central data repositories.

Panelists emphasized that the current status of
VBDs is influenced by a complex interplay of
factors beyond temperature. They argued that
including migration and human mobility in policy
and research would advance disease surveillance
and management. They highlighted that without
migrant-sensitive health information systems, peo-
ple on the move risk being stigmatized as agents of
disease. Given the multidisciplinary dimension of
the VBD challenge, panelists underscored the need
for integrated surveillance systems and models as
well as system-based approaches. In addition to
migration patterns, these would account for, inter
alia, land-use changes, like rewilding, which over
decades changes vector habitat; as well as rapid
urbanization; human behavior; and socioeconomic
factors, like poverty, all of which influence VBD
outcomes. Others emphasized focusing research on
children, who are disproportionately vulnerable to
climate change-related health risks (the UN Chil-
dren’s Fund calculates that one billion children are
at extremely high risk of the impacts of the climate
crisis), as well as recognizing the strong connection
between diarrhea, malaria, and undernutrition,
implying that populations with preexisting stress-
ors are already at a heightened risk for VBDs,
especially children (UNICEF, 2023).

2 The Burning Embers graphic started appearing in IPCC reports in 2001. In the Sixth Assessment report, it shows the change in

the levels of impacts and risks assessed for global warming of 0-5°C global surface temperature change relative to the preindus

trial period (1850-1900) over the range. See: https://www.ipcc.ch/report/aré/wg2/figures/summary-for-policymakers/figure-spm-3.



https://www.ipcc.ch/report/ar6/wg2/figures/summary-for-policymakers/figure-spm-3
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A Case Study of the
Dengue Outbreak in Peru

An examination of Peru’s recent dengue outbreak
offered a valuable opportunity to examine these
challenges in greater depth and to identify the
factors contributing to the severity and impact

of VBD outbreaks in resource-limited settings,

including:

«  Understanding the specific stressors and
challenges faced by the Peruvian healthcare
system during the dengue outbreak, and how
these factors may be similar or different from
those faced by other countries in the region or
around the world,

«  Identifying the key vulnerabilities and gaps in
Peru’s outbreak preparedness and response
capacities, and exploring how these weakness-
es may have contributed to the severity and

duration of the outbreak; and

«  Drawing lessons and insights from Peru’s
experience that can inform future efforts
to strengthen health system resilience and
improve VBD outbreak preparedness and
response, both in Peru and in other countries

facing similar risks.
The 2023 Dengue Outbreak in Peru

In 2023, Peru battled its worst dengue outbreak on
record, recording more than 270,000 cases—with
820 cases per 100,000 population. In 2024, dengue
fever cases continue to rise, with projections indi-
cating a potential doubling of cases compared with
2023 (Instituto Nacional de Salud del Perd, 2024).

Meanwhile, in Ecuador, eight thousand dengue cases
were reported since the beginning of 2024, marking
a 30 percent increase from the same period in 2023
(Ministerio de Salud Publica del Ecuador, 2024). As
of March, 1.87 million suspected cases were reported
across the Americas, representing an increase of 249
percent from the same period in 2023 (PAHO, 2024).

Perceived Causes of the Dengue
Outbreak in Peru 2023

Experts explained that the increase in dengue cas-
es over the past four decades in Peru were largely
driven by human factors, including climate change,
land-use change, and migration. Panelists noted
that Peru faced several additional challenges that

exacerbated the dengue outbreak:

Naive populations: Panelists explained that
several segments of the population in Peru were
unfamiliar with dengue and its symptoms. This
delayed recognition of cases, as well as care and
treatment. It also led to further dengue spread
because breeding sites were not quickly identified.
A panelist noted that there was typically limited
knowledge about where mosquitos breed in Lima,
with 60 to 80 percent of breeding sites different
from expected, such as in cement water tanks or

other passively rain-filled containers.

Political instability: Panelists highlighted that Peru
had experienced significant political turnover in
the last decade, with sixteen ministers of health
appointed, each having a tenure of roughly six



months. Panelists shared that this instability made
it challenging for the healthcare infrastructure and
the government to implement consistent, long-
term strategies to combat VBDs. Most critically,
changing priorities and leadership hindered the
development of effective surveillance and control
measures. One panelist outlined the political disin-
centives to pursuing long-term structural improve-

ments to the Peruvian health system.

Hard-to-reach populations: Panelists shared that
healthcare officials had difficultly accessing some
communities, particularly those along the Amazon
River, where the Aedes aegypti mosquitoes would
lay eggs and spread disease. Because healthcare
authorities had trouble reaching these populations
with education, prevention, and treatment, it was

harder to contain the spread of dengue.

Communication issues: Panelists noted that local
communication was inadequate to control the
outbreak. They suggested that Peru needed more
public health professionals trained in health

communications.

Limited data, and proactive planning: Panelists
noted that Health National Adaptation Plans did
not specify the kind of data that is needed for pro-

active planning, and therefore, it was not collected.

Ineffective vector-control strategies and insuffi-
cient disease-monitoring and surveillance: Despite
having experience working with dengue, there were
problems with information and limited capacity to

provide potable water in highly endemic regions.

Migration: Panelists explained how economic and
social structures dating back to Peru’s colonial era
influenced unsustainable patterns of urbanization,
informal settlements, and lack of city services,
which introduced vectors, breeding grounds, and

carriers in urban locations.

To address the dengue outbreak, panelists—including
public health officials—explained that Peru declared
a state of emergency, implemented environmen-

tal-control measures to reduce mosquito populations,

opened a field hospital to scale up healthcare capac-
ity, and provided training to clinicians nationwide to
ensure effective case management and prevention.
At the community level, some organizations sought
to control the epidemic by shifting from a top-down
“militarized” approach to a more responsive ap-
proach in which they allowed the healthcare officials
at the grassroots level to lead in containing the spread
of the vectors. Unfortunately, despite the implemen-
tation of these steps, Peru faced another layer of
challenges that eventually led to the extremely high
prevalence of dengue. These included:

Overwhelmed healthcare facilities: Despite tak-
ing proactive measures, panelists noted that many
people bypassed local clinics, which are typically
the first line of defense in managing outbreaks, and
directly sought care at larger hospitals. This over-
whelmed hospitals, strained resources like beds
and medical staff, and led to reduced care quality

across the healthcare system.

Public trust and compliance issues: The require-
ment for residents to seek treatment at clinics
rather than at home was intended to centralize
and better manage treatment protocols. However,
noncompliance suggested issues with public trust
or awareness. Effective communication and com-
munity engagement, panelists noted, are critical
for ensuring that the public follows government

advisories during health emergencies.

Political consequences: The resignation of the
minister of health in June 2023 under the pres-
sure of rising case numbers reflected the political
challenges associated with crisis management.
Panelists highlighted that political instability
complicates response efforts, shifts strategies, and

causes disruptions.

Peru’s experience with dengue is an instructive ex-
ample, illustrating the importance of coordinated
actions; the need for robust infrastructure for data,
monitoring, communications, and healthcare; and
the critical role of community trust and compliance

in managing public health crises.
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Where Do We Go

From Here?

Experts at the workshop, including those on a third
panel that specifically discussed solutions, put
forth nine critical recommendations. Each relates
to a specific problem highlighted in the day’s dis-

course. Recommendations are as follows:

Surveillance, Data, and Attribution
Science

Recommendation 1: Develop
Integrated Surveillance Systems

Problem: Traditional surveillance systems do not
account for, inter alia, important linkages between
vector ecology, climate variability, land-use change,
and disease dynamics. Limited access to data hin-
ders the development of robust warning systems
and adaptation measures.

Recommendation: Establish integrated surveil-
lance systems that collect, analyze, and share
high-quality data on a range of variables, including
disease incidence, vector populations, weather
patterns, and socioeconomic and other environ-
mental risk factors. Integrated surveillance sys-
tems should enable early detection and response
to VBD outbreaks, inform targeted interventions,
and help communities adapt to the changing risk
landscape. These systems should feed and benefit
from open data platforms and repositories that are
user-friendly, interoperable, and provide equitable
access to critical data. Additionally, incentive struc-
tures should reward scientists for collaborative

research and knowledge sharing.

Recommendation 2: Advance Evidence
and Attribution Science

Problem: Insufficient evidence on how climate
change impacts VBD—and the consequent impacts
of VBD on public health, economics, and overall
well-being—hinders policy action and resource

allocation for VBD research and control.

Recommendation: Prioritize research to quanti-
fy the extent to which climate change influences
VBD. Calculate and communicate the health and
economic costs of VBD to inform policy decisions.
Research priorities suggested by the panelists

included:

«  Conducting long-term, longitudinal studies to
monitor changes in VBD incidence and dis-
tribution over time, in relation to climate and

other environmental variables;

«  Developing and validating predictive models
that integrate climate, ecological, and socio-
economic data to forecast VBD risk at differ-

ent spatial and temporal scales;

. Assessing the attributable burden of VBDs to
climate change, using methods such as com-
parative risk assessment and detection and

attribution studies; and

«  Calculating the socioeconomic impact of VBD
and the value of anticipatory and mitigatory

action.



Access to Finance and Therapeutics
Recommendation 3: Advocate for Financial
Resources at the Climate-Health Nexus

Problem: Only 2 percent of global climate change
adaptation funding, and 0.5 percent of overall
climate funding, is dedicated to improving health
outcomes (Kuzmak, 2023) hindering efforts to
prevent, prepare for, and respond to VBD.

Recommendation: Use the evidence base de-
veloped in prior recommendations to advocate
for more resources to address the climate deter-
minants of health. This would include securing
finance from climate funds like the newly created
loss and damage fund, as well as development
banks, which panelists noted are increasing their
lending to climate initiatives. Experts also recom-
mended using the evidence base to call for more
pre-positioned, or anticipatory, finance outbreak

mitigation.

Recommendation 4: Accelerate the
Development and Equitable Distribution
of VBD Vaccines

Problem: The lack of development of and access

to vaccines, particularly in low-income countries,
contributes to vulnerability to VBD. Panelists
noted that pharmaceutical companies neglect the
development of therapeutics to treat VBD because
of limited market incentives. Moreover, the global
capacity for vaccine production is concentrated in
a few high-income countries, leading to inequitable
access and supply shortages during public health
emergencies (WHO, 2022d).

Recommendation: Accelerate the development
and equitable distribution of VBD vaccines by pro-

viding increased basic research support, offering
targeted incentives for pharmaceutical companies,
building global vaccine manufacturing capacity,
and adjusting stockpile levels to account for grow-
ing vulnerability. Panelists advocated for increased
funding supporting academic and nonprofit
research institutions to conduct preclinical studies,
develop novel vaccine platforms, and optimize vac-
cine candidates for clinical trials. They highlighted
recent progress in developing effective dengue and
malaria vaccines, including using mRNA technol-
ogy. Panelists also called for the development of

a global VBD vaccine fund to pool resources and
coordinate investments in vaccine development
and distribution. They urged investment in capac-
ity building and technology transfer initiatives to
enhance vaccine manufacturing capabilities in low-

and middle-income countries.

Governance and Communications
Recommendation 5: Strengthen
Governance, Public Health Policymaking,
and Service Delivery

Problem: Corruption and lack of coordination
between health and non-health sectors limits

the effectiveness of public health interventions

and governments’ ability to respond to threats.
Government agencies have limited capacity and
lack incentives to collaborate or share knowledge,
particularly when there are competing priorities or
limited funding.

Recommendation: At the national level, imple-
ment a One Health? approach that fosters collabo-
ration among government agencies and their part-
ners. Key elements of a One Health approach to
VBDs suggested by panelists include establishing

multisectoral coordination mechanisms at national

3 One Health is a collaborative, multisectoral, and transdisciplinary approach—working at the local, regional, national, and global

levels—with the goal of achieving optimal health outcomes while recognizing the interconnection between people, animals,

plants, and their shared environment. See: https://www.cdc.gov/onehealth/basics/index.ntml.



https://www.cdc.gov/onehealth/basics/index.html

and local levels; conducting joint risk assessments
and surveillance activities across human, animal,
and environmental sectors; and putting in place
incentives to collaborate. To further improve gov-
ernance, participants recommended implementing
anti-corruption measures and transparency mech-
anisms to ensure that resources for VBD control
are used efficiently and reach the intended benefi-
ciaries. They also suggested democratizing public
health by promoting community-led interventions
that involve local people in the planning, imple-

mentation, and monitoring of VBD.

Recommendation 6: Improve
Communication and Education to
Build Trust

Problem: Misinformation coupled with distrust of
scientists, healthcare workers, and government of-
ficials hinders VBD prevention and control. These
challenges are particularly acute in marginalized

communities and localities where awareness is low.

Recommendation: Develop communication and
education strategies tailored to the specific needs,
values, and contexts of local communities. Pro-
mote dialogue, understanding, and collaboration
between academia, policymakers, and the public,
including by engaging trusted community leaders,
local health workers, like nurses, and other local
stakeholders as champions. Incorporate VBD and
climate change education into school curricula and

community-based learning programs.

10
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Conclusion

Stemming the impacts of climate change on public
health is firmly on the global policy radar. In No-
vember 2023, for the first time in its twenty-eight-
year history, the Conference of the Parties (COP28)
to the UN Framework Convention on Climate
Change (UNFCCC) dedicated a day of its proceed-
ings to discussing the impacts of global warming on
public health, with over one hundred health minis-
ters in attendance. Nearly 125 countries, including
the United States, signed a COP28 Presidency- and
WHO-led Declaration on Climate and Health. This
was released alongside a set of ten principles to
bolster financing for climate and health. Stakehold-
ers pledged an estimated US$1 billion to support
health system transformation and to address the
environmental determinants of health. Delegates
to the Climate Conference also adopted language
under the auspices of the Global Goal on Adaption

urging state parties to build resilience and
reduce climate-related mortality and morbidity,
especially in the most vulnerable communities
(UNFCCC, 2023)

Progressing toward these globally agreed develop-
ment goals will necessitate informed policy action
and strategic investments that prepare health sys-
tems, institutions, and practitioners to collectively
tackle the challenges at hand. For VBD, this means
moving toward a comprehensive, proactive, and
collaborative agenda that engages diverse stake-
holders across their sectoral areas of expertise. The
summary of proceedings and recommendations
presented in this paper offers a roadmap for work-
ing toward this objective and building resilience to
health threats linked to a changing climatic system.

n



> APPENDIX 1

Workshop Participants

Lauren Anderson
Director of Programs,
Perry World House

Katherine E. Bliss
Senior Fellow and
Director, Immunizations
and Health Systems
Resilience, Global Health
Policy Center

Luciana Borio

Senior Fellow for Global
Health, Council on
Foreign Relations,
Venture Partner, Arch

Dustin Brisson
Professor of Biology,
University of
Pennsylvania

Colin Carlson
Assistant Research
Professor, Center for
Global Health Science
& Security, Georgetown
University

Hillary Carter

Acting Principal Deputy
Coordinator, Bureau of
Global Health Security
and Diplomacy, U.S.
Department of State

Juan Chaves-Gonzalez
Program Advisor, Antic-
ipatory Action, United
Nations Office for the
Coordination of Humani-
tarian Affairs (UNOCHA)

Colleen Cronnelly
Programs Fellow, Perry
World House

David Dreilinger
Program Manager,
Perry World House

Kristie Ebi

Professor of Global
Health, University of
Washington, Lead Author
on IPCC 6th Assessment
Cycle

Galo Fraga
Embassy of Ecuador,
Washington, DC

Bruce Gellin
Chief of Global Public
Health Strategy, Health
Initiative, Rockefeller
Foundation

Marie Harf
Executive Director,
Perry World House

Andrew Hoffman
Dean, Penn School of
Veterinary Medicine

Michael Levy

Professor of Epidemiology,
University of
Pennsylvania

Xiomara
Mercado Lopez
Senior Research
Investigator, The
Weissman Lab,
University of
Pennsylvania

Cesar Munayco
Director General,
National Center for
Epidemiology and
Disease Control and
Prevention, Peru

Shipra Narang Suri
Chief of the Urban
Practices Branch, United
Nations Habitat

Valerie Paz Soldan
Director, Tulane Health
Offices for Latin America,
Peru

Avinash Persaud
Special Advisor on
Climate Change to the
President, Inter-American
Development Bank

Sadie J. Ryan
Associate Professor of
Medical Geography,
Co-Director Florida Cli-
mate Institute, University
of Florida

Michael Weisberg
Interim Director, Perry
World House

Kol Wickramage
Head, Global Migration
Health Research and
Epidemiology Unit,
Migration Health Divi-
sion, International Orga-
nization for Migration

12



> APPENDIX 2

References

Ahuja, A., Athey, S., Baker, A., et al. (2021). Preparing for a pandemic: Accelerating vaccine availability. AEA Papers and
Proceedings, 111, 331-335. https://www.aeaweb.org/articles?id=10.1257/pandp.20211103

Ahmadalipour, A., Moradkhani, H., and Kumar, M. (2019). Mortality risk from heat stress expected to hit poorest nar
tions the hardest. Climatic Change, 152: 569-579. https://doi.org/10.1007/s10584-018-2348-2

Bardosh, K.L., Ryan, S.J., Ebi, K., et al. (2017). Addressing vulnerability, building resilience: Community-based
adaptation to vector-borne diseases in the context of global change. Infectious Diseases of Poverty, 6(166).
https://doi.org/10.1186/s40249-017-0375-2

Bhatt, S., Gething, PW., Brady, O.J., et al. (2013). The global distribution and burden of dengue. Nature, 496, 504-507.
https://doi.org/10.1038/nature12060

Bloom, D.E., Black, S., and Rappuoli, R. (2017). Emerging infectious diseases: A proactive approach. Proceedings of the
National Academy of Sciences, 114(16): 4055-4059. https://doi.org/10.1073/pnas.1701410114

Caminade, C., McIntyre, K.M., and Jones, A.E. (2019). Impact of recent and future climate change on vector-borne dis-
eases. Annals of the New York Academy of Sciences, 1436(1): 157-173. https://doi.org/10.1111/nyas.13950

Carlson, C.J., Chipperfield, J.D., Benito, B.M., et al. (2020). Species distribution models are inappropriate for
COVID-19. Nature Ecology & Evolution, 4, 770-771. https://doi.org/10.1038/s41559-020-1212-8

Coates, M.M., Ezzati, M., Robles Aguilar, G., et al. (2021). Burden of disease among the world’s poorest billion people:
An expert-informed secondary analysis of Global Burden of Disease estimates. PLOS ONE, 6(8): e0253073.
https://doi.org/10.1371/journal.pone.0253073

Colén-Gonzdlez, F.J., Sewe, M.O., Tompkins, A.M.,, et al. (2021). Projecting the risk of mosquito-borne diseases in a
warmer and more populated world: a multi-model, multi-scenario intercomparison modelling study. The Lancet,
5(7): E404-E414. https://www.thelancet.com/journals/lanplh/article/PI1S2542-5196(21)00132-7/fulltext

Ebi, K.L., Ogden, N.H., Semenza, J.C., and Woodward, A. (2017). Detecting and attributing health burdens to climate
change. Environmental Health Perspectives, 125(8): 085004. https://doi.org/10.1289/EHP1509

Eisen, L., and Eisen, R. J. (2021). Benefits and drawbacks of citizen science to complement traditional data gathering
approaches for medically important hard ticks (Acari: Ixodidae) in the United States. Journal of Medical
Entomology, 58(1): 1-9. https://doi.org/10.1093/jme/tjaal65

Excler, J.L., Saville, M., Berkley, S., and Kim, J. H. (2021). Vaccine development for emerging infectious diseases. Nature
Medicine, 27, 591-600. https://doi.org/10.1038/s41591-021-01301-0

Franklinos, L.HV,, Jones, K.E., Redding, D.W., and Abubakar, I. (2019). The effect of global change on mosquito-borne
disease. The Lancet Infectious Diseases, 19(9): e302-e312. https://doi.org/10.1016/S1473-3099(19)30161-6

Gouglas, D., Le, T.T., Henderson, K., et al. (2018). Estimating the cost of vaccine development against epidemic
infectious diseases: A cost minimisation study. The Lancet Global Health, 6(12): e1386-e1396.
https://doi.org/10.1016/S2214-109X(18)30346-2

13


https://doi.org/10.1007/s10584-018-2348-2
https://doi.org/10.1186/s40249-017-0375-2
https://doi.org/10.1038/nature12060
https://doi.org/10.1073/pnas.1701410114
https://doi.org/10.1111/nyas.13950
https://doi.org/10.1038/s41559-020-1212-8
https://doi.org/10.1371/journal.pone.0253073
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(21)00132-7/fulltext
https://doi.org/10.1289/EHP1509
https://doi.org/10.1093/jme/tjaa165
https://doi.org/10.1038/s41591-021-01301-0
https://doi.org/10.1016/S1473-3099(19)30161-6
https://doi.org/10.1016/S2214-109X(18)30346-2

International Organlzatlon for Mlgratlon (IOM) Health and mlgratlon env1ronment climate change.

Intergovernmental Panel on Climate Change. (2022). Climate Change 2022: Impacts, Adaptation, and Vulnerability.
Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change [Portner, H.O., Roberts, D.C., Tignor, M., et al. (eds.)]. Cambridge, U.K.: Cambridge University Press.
https://www.ipcc.ch/report/ar6/wg2/

Kremer, M., Levin, J., and Snyder, C.M. (2020). Advance market commitments: Insights from theory and experience.
AEA Papers and Proceedings, 110, 269-73. https://www.aeaweb.org/articles?id=10.1257/pandp.20201017

Kuzmak, G. (2023). Turning a spothght on climate and health ﬁnancmg Rockefeller Foundation, 29 November. https://

Lee, J.S., Mogasale, V., Lim, J.K,, et al. (2019). A multi-country study of the economic burden of dengue fever based on
patient-specific field surveys. PLOS Neglected Tropical Diseases, 13(2): e€0007164.
https://doi.org/10.1371/journal.pntd.0007164

Mackey, T.K., Vian, T., and Kohler, J. (2018). The sustainable development goals as a framework to combat
health-sector corruption. Bulletin of the World Health Organization, 96(9): 634-643.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6154071/

Magalhaes, A.R., Codeco, C.T., Svenning, J.C., et al. (2023). Neglected tropical diseases risk correlates with poverty and
early ecosystem destruction. Infectious Diseases of Poverty. 12(1): 32.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10084676

Mahon, M.B., Sack, A., Aleuy, O.A. et al. (2024). A meta-analysis on global change drivers and the risk of infectious
disease. Nature, 629, 830-836. https://doi.org/10.1038/s41586-024-07380-6

Monaghan, A.J., Schmidt, C.A., Hayden, M.H., et al. (2019). A simple model to predict the potential abundance of Aedes
aegypti mosquitoes one month in advance. American Journal of Tropical Medicine and Hygiene, 100(2): 434-437.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6367629

Mutero, C.M., Mbogo, C., Mwangangi, J., et al. (2015). An assessment of participatory integrated vector management for
malaria control in Kenya. Environmental Health Perspectives, 123(11): 1145-1151.
https://doi.org/10.1289/ehp.1408748

Nolan, S. (2023). One village, two houses—and a new tactic to win the war on mosquitoes. The New York Times, 29

September. https://www.nytimes.com/2023/09/29/health/mosquitoes-malaria-strategies-house.html

Paixdo, E.S., Teixeira, M.G., and Rodrigues, L.C. (2018). Zika, chikungunya and dengue: The causes and threats of new
and re-emerging arboviral diseases. BMJ Global Health, 3(Suppl 1): e000530.
https://doi.org/10.1136/bmjgh-2017-000530

Rocklév, J., and Dubrow, R. (2020). Climate change: An enduring challenge for vector-borne disease prevention and
control. Nature Immunology, 21, 479-483. https://doi.org/10.1038/s41590-020-0648-y

Roiz, D., Wilson, A.L., Scott, T'W., et al. (2018). Integrated Aedes management for the control of Aedes-borne diseases.
PLOS Neglected Tropical Diseases, 12(12): e0006845. https://doi.org/10.1371/journal.pntd.0006845

Ryan, S.J., Carlson, C.J., Mordecai, E.A., and Johnson, L.R. (2019). Global expansion and redistribution of Aedes-borne
virus transmission risk with climate change. PLOS Neglected Tropical Diseases, 13(3): e0007213. https://journals.
plos.org/plosntds/article?id=10.1371/journal.pntd.0007213

Samy, A.M., Elaagip, A.H., Kenawy, M.A,, et al. (2020). Climate change influences on the global potential distribution
of the mosquito Culex quinquefasciatus, vector of West Nile virus and lymphatic filariasis. PLOS ONE, 11(10):
€0163863. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0163863

14


https://www.rockefellerfoundation.org/insights/perspective/turning-a-spotlight-on-climate-change-health-financing/
https://www.rockefellerfoundation.org/insights/perspective/turning-a-spotlight-on-climate-change-health-financing/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10084676/
https://doi.org/10.1038/s41586-024-07380-6
https://doi.org/10.1289/ehp.1408748
https://www.nytimes.com/2023/09/29/health/mosquitoes-malaria-strategies-house.html
https://doi.org/10.1136/bmjgh-2017-000530
https://doi.org/10.1038/s41590-020-0648-y
https://doi.org/10.1371/journal.pntd.0006845

Sane, J., and Edelstein, M. (2015). Overcoming barriers to data sharing in public health: A global perspective. Chatham

House, Centre on Global Health Security. https://www.chathamhouse.org/sites/default/files/field/field docu-
ment/201504170vercomingBarriersDataSharingPublicHealthSaneEdelstein.pdf

Selvarajoo, S., Wee Kent Liew, J., Tan, W., et al. (2020). Knowledge, attitude and practice on dengue prevention among
adults in two suburban districts of Hanoi, Vietnam. Scientific Reports, 10, 9534. https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC7293214/

Semenza, J.C., and Suk, J.E. (2018). Vector-borne diseases and climate change: A European perspective. FEMS
Microbiology Letters, 365(2): fnx244. https://doi.org/10.1093/femsle/fnx244

Semenza, J.C., and Zeller, H. (2014). Integrated surveillance for prevention and control of emerging vector-borne
diseases in Europe. Eurosurveillance, 19(13): 20757. https://doi.org/10.2807/1560-7917.ES2014.19.13.20757

Shepard, D.S., Undurraga, E.A., Halasa, Y.A., and Stanaway, J.D. (2016). The global economic burden of dengue:
A systematic analysis. The Lancet Infectious Diseases, 16(8): 935-941. https://pubmed.ncbi.nlm.nih.gov/27091092/

Shim, E. (2017). Cost-effectiveness of dengue vaccination programs in Brazil. American Journal of Tropical Medicine

and Hygiene, 96(5): 1227-1234. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5417221/

Teirstein, Z. (2024). Climate change fueled a rise in rare disease outbreaks last year. Bulletin of the Atomic Scientists, 5
January. https://thebulletin.org/2024/01/climate-change-fueled-a-rise-in-rare-disease-outbreaks-last-year/

United Nations Children’s Fund (UNICEF). (2023). The climate-changed child: A children’s climate risk index
supplement. UNICEF. https://www.unicef.org/reports/climate-changed-child

United Nations, Department of Economics and Social Affairs (UN-DESA). (2018). News: 68% of the world population
projected to live in urban areas by 2050, says UN. UN-DESA, 16 May.

https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html

United Nations Framework Convention on Climate Change (UNFCCC). (2023). COP28: What was achieved and what
happens next? https://unfecc.int/cop28/5-key-takeaways#

United Nations, Statistics (UN-Stat). (2021). SDG indicator metadata. UN-Stat, 20 December.
https://unstats.un.org/sdgs/metadata/files/Metadata-11-01-01.pdf

Watts, N., Amann, M., Arnell, N., et al. (2021). The 2020 report of The Lancet Countdown on health and climate change:
Responding to converging crises. The Lancet, 397(10269): 129-170.
https://doi.org/10.1016/S0140-6736(20)32290-X

Watts, N., Amann, M., Ayeb-Karlsson, S., et al. (2018). The Lancet Countdown on health and climate change: From 25
years of inaction to a global transformation for public health. The Lancet, 391(10120): 581-630.
https://doi.org/10.1016/S0140-6736(17)32464-9

Wellcome. (2023). How climate change affects vector-borne diseases. 12 May.

https://wellcome.org/news/how-climate-change-affects-vector-borne-diseases

World Health Organization (WHO). (2017). Global vector control response 2017-2030. Geneva: World Health
Organization. https://appswho.int/iris/bitstream/handle/10665/259205/9789241512978-eng.pdf

World Health Organization (WHO). (2020). Vector-borne diseases. WHO, 2 March.
https://wwwwho.int/news-room/fact-sheets/detail/vector-borne-diseases

World Health Organization (WHO). (2023). Climate change and noncommunicable diseases: Connections. WHO, 2 No-
www.who.int/news/item/02-11-2023-climate-change-and-noncommunicable-diseases-connections

vember. https:

Wong, C. (2023). Climate change is also a health crisis — these 3 graphics explain why. Nature, News Explainer, 1
December. https://www.nature.com/articles/d41586-023-03804-x

15


https://www.chathamhouse.org/sites/default/files/field/field_document/20150417OvercomingBarriersDataSharingPublicHealthSaneEdelstein.pdf
https://www.chathamhouse.org/sites/default/files/field/field_document/20150417OvercomingBarriersDataSharingPublicHealthSaneEdelstein.pdf
https://doi.org/10.1093/femsle/fnx244
https://doi.org/10.2807/1560-7917.ES2014.19.13.20757
https://thebulletin.org/biography/zoya-teirstein/
https://thebulletin.org/2024/01/climate-change-fueled-a-rise-in-rare-disease-outbreaks-last-year/
https://www.unicef.org/reports/climate-changed-child
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://unfccc.int/cop28/5-key-takeaways
https://unstats.un.org/sdgs/metadata/files/Metadata-11-01-01.pdf
https://doi.org/10.1016/S0140-6736(20)32290-X
https://doi.org/10.1016/S0140-6736(17)32464-9
https://urldefense.com/v3/__https:/wellcome.org/news/how-climate-change-affects-vector-borne-diseases__;!!IBzWLUs!Tv8h5O0-tYrKIg8bTiPjzK3YoNJIS88EA_Dki8mHHng0qNlSVQ4cSE8RmqsdBequrc6WUcUWte9XnIE$
https://apps.who.int/iris/bitstream/handle/10665/259205/9789241512978-eng.pdf
https://www.who.int/news/item/02-11-2023-climate-change-and-noncommunicable-diseases-connections
https://www.nature.com/articles/d41586-023-03804-x

UNIVERSITY 0f PENNSYLVANIA

UNIVERSITY OF PENNSYLVANIA | PERRY WORLD HOUSE
3803 LOCUST WALK, PHILADELPHIA, PA 19104
215.573.5730

@PERRYWORLDHOUSE
FACEBOOK.COM/PERRYWORLDHOUSE

GLOBAL.UPENN.EDU/PERRYWORLDHOUSE




