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DOMAIN 1: CLIMATE CHANGE
HEALTH IMPACTS, EXPOSURES
AND VULNERABILITY



2.1.  WHATIS HAPPENING?

Vectors are living organisms that can transmit disease-causing microorganisms between humans or from
animals to humans (WHO, 2022). Mosquitoes are the most significant vectors for transmitting diseases to
humans in the Caribbean. On a global scale, mosquitoes cause more human deaths than any other animals,
including humans themselves (Wilkerson et al., 2021). Higher temperatures speed up the development and
maturation of larvae; therefore, global warming brings larger numbers of vectors and greater chances of
infection. Mosquitoes also tend to feed more frequently in warmer weather (Hemme et al., 2010; Mavian et al.,
2018; Méndez-Lazaro et al., 2014; Schnitter et al., 2019; Taylor et al., 2010; Yearwood and Polson-Edwards,
2017). Finally, changes in precipitation patterns due to climate change can affect mosquito breeding in complex
ways (Dubrow, 2021; Gharbi et al., 2011; Jury, 2008; Méndez-Lazaro et al., 2014).

Mosquitoes require standing water to breed. Therefore, there tend to be more mosquito-borne disease cases
in the rainy season (Douglas, 2021; Francis, 2021; Jury, 2008; PAHO, 2022a; Schnitter et al., 2019). Tropical
storms and hurricanes associated with climate change increase the amount of debris and discarded items that
collect water. Floods and sea level rise can increase the quantity of pools of water for breeding (CARPHA, 2017,
2018; Mavian et al., 2018; Medlock, 2021; Méndez-Lazaro et al., 2014). Unless properly monitored and covered,
water storage drums and underground drains and septic tanks can provide additional sites for mosquito
breeding (CARPHA, 2014; Chadee et al., 2006; Clauzel and Forbes-Robertson, 2017; Medlock, 2021; Ortiz et al.,
2015). Thus, harmful behavioural practices and a lack of availability of water and sanitation services combine
with climate change to create vulnerabilities throughout most of the year (Medlock, 2021; Ortiz et al., 2015).

Since at least 2008, increasing numbers of vector-borne disease (VBD) outbreaks have been registered in Small
Island Developing States (SIDS), with importation of some new diseases from endemic areas. SIDS have been
identified as hotspots for emerging mosquito-borne viruses, with their characteristics facilitating the emergence
and dispersal of these viruses to the mainland, fuelling global epidemics. These characteristics include tropical
climatic conditions that are becoming ever more suitable for vector reproduction as temperatures rise and
hurricanes increase in intensity; rapid urbanisation and high population density; the high cost and poor quality
of sanitation and water infrastructure and vector control systems; and the intense movement of humans and
goods owing to SIDS’ remoteness and size and thus strong reliance on international trade, including tourism.
These conditions have set the stage for the global dispersal of dengue, chikungunya and Zika, and may promote
novel, unknown and unexpected threats to public health from mosquito-borne diseases (Mavian et al., 2018).

The challenge of addressing a VBD relates not only to the disease itself but also to controlling the vector and its
habitats (CARPHA, 2017; Lichtveld and Wahid, 2017; Rawlins et al., 2006a). Vector control requires community
mobilisation, environmental management and tailored disaster preparedness measures. Public health measures
are needed to prevent and treat imported cases.

VBDs affect vulnerable populations most severely, including people with the poorest access to health services,
people with disabilities, pregnant women, impoverished people, and women and children living in remote rural
areas and informal urban settlements (Diaz-Quijano and Waldman, 2012; Medlock, 2021; Sommerfeld and
Kroeger, 2015). The Aedes aegypti mosquito is the most common disease-transmitting mosquito in the
Caribbean and is well adapted to urban settings where human-inhabited buildings are close together (CARPHA,
2017; Henry and Mendonca, 2020; Heslop-Thomas and Bailey, 2006; Mavian et al., 2018; Medlock, 2021; PAHO,
2022b).
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Increased contact between infected and uninfected populations occurs through international travel, tourism
and migration (Mavian et al., 2018). Caribbean people are relatively mobile, and tourism is a mainstay of
Caribbean economies. Migration to the Caribbean from other parts of the world is also relatively common,
especially from the South American mainland. It is challenging to implement infection control measures among
informal migrants. This movement of people also facilitates the spread of VBDs beyond Caribbean shores. For
instance, 50-80% of the imported cases of dengue, chikungunya and Zika found in Florida in 2008-2018 were
reportedly introduced from the Caribbean (Mavian et al., 2018).

In recent years, three viruses spread by the Aedes aegypti mosquito (and secondarily by the Aedes albopictus
mosquito) have caused many illnesses, disabilities and deaths, and outbreaks have incurred major economic and
social costs (Dubrow, 2021).

Cases of dengue have risen in the region since the 1980s, with major outbreaks and a transition to a highly
endemic state and annual outbreaks in multiple locations (CARPHA, 2017; Rawlins et al., 2006a; Schnitter et al.,
2019). Typical dengue symptoms include fever, headaches, nausea, vomiting, a rash and pain in the eyes, joints
and muscles. The World Health Organization (WHO) has classified dengue cases according to symptoms to help
patients gain access to the appropriate care according to disease severity as follows: dengue without warning
signs (D-W), dengue with warning signs (D+W) and severe dengue (also known as dengue haemorrhagic fever).
D-W and D+W are classified as non-severe dengue fever (Ajlan et al., 2019; WHO, 2009). In addition, there are
four dengue serotypes, each of which could cause either non-severe or severe dengue (WHO, 2009). Infection
with one dengue virus subtype confers immunity from that subtype but can increase vulnerability to dengue
haemorrhagic fever if a person is infected with another subtype. Caribbean countries have moved from a
situation where only one subtype was circulating to one where subtypes 1 to 4 are circulating. This has increased
the incidence of severe health outcomes. Cardiovascular complications have also been found to arise from
dengue (Araiza-Garaygordobil et al., 2021).

In the 2013-2016 period, attention shifted from dengue control to the control of two VBDs that had not existed
in the region before (Mavian et al., 2018). Chikungunya can cause high fever, a rash, headaches and joint and
muscle pain that can culminate in arthritic symptoms and disabilities (La Rosa et al., 2017). Although the
chikungunya virus is traditionally considered nonfatal, a study in Jamaica showed that 2499 excess deaths took
place in Jamaica during the epidemic in 2014 (Freitas, 2019). Zika generally causes mild symptoms or can be
asymptomatic, so incidence may be underestimated (Public Health England, 2017). Concern about Zika arises
mainly because of its association with neurological birth defects, including microcephaly, a condition where
babies are born with a small head and incomplete brain development (CDC, 2022), and Guillain—Barré syndrome,
a condition that causes nerve damage (Krauer et al., 2017; Ryan et al., 2017, 2018). When the WHO declared
the Zika epidemic a Public Health Emergency of International Concern (Krauer et al., 2017), there was a decrease
in tourist arrivals to the Caribbean (CARPHA, 2017; R4ACCHC, 2022a). Cases of chikungunya and Zika increased
work absenteeism and decreased worker productivity in the Caribbean (Ramrattan, 2015).

Yellow fever and malaria have been kept under control in the region by vaccination and a concerted eradication
campaign, respectively. However, malaria continues to be endemic in the Dominican Republic, Belize, Haiti and
Guyana (CARPHA, 2018). Caribbean countries remain at risk of outbreaks of yellow fever and malaria and VBDs
transmitted by other vectors, which, in the Americas, primarily affect impoverished communities in Central and
South America.

Caribbean research teams have been at the forefront of research showing links between climate and VBDs for
about 30 years (Amarakoon et al., 2008; Chen et al., 2006a; Chen et al., 2006b; Ortiz Bulto and Linares Vega,
2021; Rise et al., 2022). Several Caribbean studies have established positive relationships between rising
temperatures and the incidence of dengue fever (Amarakoon et al., 2008; Gharbi et al., 2011; Jury, 2008; Lowe
et al., 2018; Méndez-Lazaro et al., 2014). Some studies have also found a positive association between levels of
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precipitation and dengue incidence, with others finding no or only a weak relationship between the two (Gharbi
et al., 2011; Johansson et al., 2009; Méndez-Lazaro et al., 2014). Two studies have noted higher numbers of
cases in years with El Nifio activity (Ferreira, 2014; Johansson et al., 2009). Higher vulnerability to dengue in
urban than in rural areas has been found, along with a tendency towards an expansion of dengue’s geographical
range to higher altitudes (Henry and Mendonga, 2020). In Barbados, geographical hotspots of dengue and
chikungunya cases were identified (Lippi et al., 2020). In Puerto Rico, a study found an association between
dengue and sea level rise, which may have resulted from the perimeter of an estuary expanding and shorelines
moving inland, providing pools of brackish water for mosquito breeding. However, as mean sea level rise was
found to correlate with both sea surface and air surface temperatures, the authors noted that rising
temperatures were likely to be the most important explanatory factor (Méndez-Lazaro et al., 2014).

The Caribbean body of research has spearheaded the development of information products and communication
known as climate services for health. Climate predictors of VBD outbreaks have been identified, facilitating the
development of early warning systems (EWSs) (Linares-Vega and Ortiz-Bulto, 2021; Linares-Vega et al., 2020;
Lowe et al., 2018; Lowe et al., 2020; Ortiz, 2021; Ortiz et al., 2015; Stewart-lbarra, 2021; Stewart-lbarra et al.,
2017, 2019, 2022). However, action to address VBDs is constrained by the failure in most countries to link climate
and health action, and a lack of specialised human resources. In addition, some of the approaches used do not
sufficiently integrate metrics from medical, environmental, climatic and epidemiological sources (Ortiz Bulto and
Linares Vega, 2021), highlighting the need to strengthen collaboration between agencies (see Chapter 10,
“Collaboration between agencies”). In the research field, there is a need to build the skills of local staff in
statistical modelling, geographic information systems (GISs) and data analysis, to increase self-sufficiency in the
conduct of studies, and in building and using EWSs (Hussain-Alkhateeb et al., 2021; Stewart-lbarra et al., 2019).
While gaps remain, VBDs are one of the only areas where a substantial body of Caribbean research exists (Allen
etal.,, 2021a,b; CARPHA, 2018).
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2.2, WHATSHOULD BE DONE?

Individual and community actions and how to support them

A major focus of individual and community action to prevent mosquito-borne diseases, especially those
transmitted by Aedes aegypti, which spreads the most common VBDs in the Caribbean, should be reducing
standing water that is accessible to mosquitoes for breeding. This highlights the importance of water
management, such as covering water containers, and waste management, such as removing plastic litter and
old tyres, where water can gather (RAACCHC, 2023). For other VBDs, the reduction of breeding sites is also a
major strategy. Proper waste management controls other vector populations such as rats, flies and fleas, and so
can reduce the incidence of the diseases they spread. In Saint Lucia, a project was established where
communities were encouraged to use old tyres and plastic to construct kitchen gardens, so that these
communities had greater access to fresh food, thus contributing to a reduction in noncommunicable diseases
(NCDs) (RAACCHC, 2023). Personal protection and vector control measures complement these approaches.

At the individual citizen and community levels, these methods require small amounts of time and effort at
regular intervals for environmental inspection and reducing breeding sites. Clearing drains and guttering and
removing household waste are important. Small sums need to be spent on installing lids or fine netting on water
containers and cistern openings so that mosquitoes cannot enter and lay their eggs.

There are also long-standing barrier methods such as installing bed nets and insect screens and wearing long-
sleeved garments and insect repellent (RAACCHC, 2022a). These can be adopted by visitors to the region as well
as residents. Support for installing and using barrier methods is important given the difficulties in reducing
breeding sites in the Caribbean (RAACCHC, 2023). Individuals and communities can liaise and cooperate with
environmental inspectors and implement other aspects of vector control, such as using technologies to kill adult
mosquitoes or larvae. Educational institutions at all levels should be involved in sharing information on
prevention and control strategies with their students. Communication should be tailored to populations at risk,
such as pregnant women (R4ACCHC, 2023).

From an intervention perspective, Caribbean experience suggests that action involving communities is often
more effective than communication to motivate individual behaviour change. It is difficult to change how people
manage the spaces around them without involving them in some collective activity, such as clearing up items
where rainwater has settled (R4ACCHC, 2023; Yearwood and Polson-Edwards, 2017). Community-based vector
control interventions in several Latin American countries were tested in cluster randomised trials and found to
be effective (Sommerfeld and Kroeger, 2015).

Tools and equipment are needed to facilitate individual and community action, such as bins, garbage trucks,
gloves, spades, mosquito netting and specially adapted water containers. Adequate drainage and drain
maintenance also facilitate prevention (RAACCHC, 2023).

People in the Caribbean often do not take the actions necessary to protect themselves and keep vectors under
control in their own households and communities. Research is needed to understand why such actions are taken
or not, and to build and implement effective communication and behavioural interventions. As suggested above,
it is also important to conduct studies on the efficacy of community-based interventions. Recommended
research is described below.
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Structural/governmental and private sector actions

Establish effective intersectoral and interagency collaboration mechanisms based on the One Health
approach

Intersectoral and interagency collaboration to address climate-related health risks is addressed in detail in
Chapter 10, “Collaboration between agencies”. For research and action on VBDs, relevant government ministries
and environmental health, medical and climate professionals should work together. Staff on the front line of
service provision in public, private and nongovernmental organisations should be involved, as well as managerial
staff and academics (Dubrow, 2021; Fontes-Filho et al., 2021).

The One Health approach is particularly relevant to collaboration relating to tackling VBDs (Benjamin, 2021;
Dente et al., 2018).

One Health recognizes that the health of humans, animals and ecosystems are interconnected. It involves applying
a coordinated, collaborative, multidisciplinary and cross-sectoral approach to address potential or existing risks
that originate at the animal-human-ecosystem interface.

One Health Global Network (n.d.)

For instance, to prevent and address tick-borne diseases, in which wild and domestic animals infested by ticks
play an integral role, it is important for veterinarians, medical and public health scientists and entomologists
(specifically acarologists) to work together and provide advice to policymakers (Charles et al., 2021). This
concept of interdisciplinary collaboration is fundamental to the integrated vector management (IVM) approach
promoted by the WHO (2012, 2022a).

IVM uses a suite of complementary approaches involving governmental and community action across sectors,
making use, based on evidence, of high and low technologies and environmental management approaches, and
involving monitoring and evaluation, to ensure effectiveness and efficiency. It reduces the previous reliance on
toxic chemical insecticides, which can be harmful to public health (WHO, 2012). In 2017 the WHO built on
experiences with IVM with the issue of its “Global vector control response 2017-2030” strategy. Limited IVM
uptake was attributed to limited human capacity to advocate, plan and implement, as well as fragmented global
and national architectures unable to support a multi-disease approach. The strategy highlighted the need to
increase human capacity at the national and subnational levels and to strengthen infrastructure and systems
(e.g. access to potable water, adequate solid waste and excreta management), particularly in vulnerable
communities. It called for strategic intersectoral and interdisciplinary action, linking efforts in environmental
management and health education and reorienting relevant government programmes around proactive
prevention and control strategies (WHO, 2017).

Implement vector control strategies with a special focus on poor and disadvantaged communities

The circumstances in which people live and work affect their vulnerability to VBDs, as is the case for other health
conditions (Marmot, 2005). In low-income communities, vector control programmes tend to be inadequate;
healthcare and sanitation infrastructure is suboptimal; and social and environmental conditions tend to promote
mosquito breeding. Inequalities within and between countries affect responses to VBDs (Mavian et al., 2018).

Outreach strategies may be necessary to involve low-income and isolated communities and assist them in
environmental action to clean up potential breeding sites (Sommerfeld and Kroeger, 2015). Special efforts are
needed to meet the needs of geographically remote communities with weaker infrastructure, such as indigenous
communities.

Poorer communities and those with an inadequate water supply can also be assisted through donations of
supplies and equipment, such as insect screens, and guidance on how to store water safely by modifying storage
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drums (Mavian et al., 2018), such as the example in Figure 1.
Figure 1: Health promotion poster in The distribution of products and community education
Dominica aimed at preventing the spread should focus on women, since it is mostly women who
manage water storage and harvest rainwater as part of their
domestic responsibilities. Opportunities are available for the

private sector to become involved in providing supplies and

public education as part of corporate social responsibility.

Boost the capacity of public health departments
responsible for vector control

Vector control in SIDS is constrained by a lack of dedicated
personnel. Sometimes there are no specialist vector control
staff; instead, vector control is one of the several
environmental and public health responsibilities of small
teams or individuals. Resources should be dedicated to
building up the numbers and skills of staff with vector control
expertise. If the cost of recruiting additional staff cannot be
met, existing personnel should be selected for training and
they should be allocated the responsibility of vector control.

Toh " Teams should be supported with knowledge about the latest
Source: photo of an Environmental Health scientific developments in vector control and with equipment
Department of Dominica poster, taken by and supplies to pilot and implement the latest vector control

caroline Allen. strategies (Medlock, 2021). Teams should be provided with
skills for vector and disease surveillance, and contribute to
and be provided with information from EWSs. They should be given support to become “first responders” in

addressing the environmental risks of VBD transmission (R4ACCHC, 2023).

Governments should determine the level of human resources and range of skills necessary to address vector
control and compare current staffing and skills with these. Shortfalls may be addressed by recruiting additional
staff or providing existing staff with new skills and revised responsibilities, and supportive supplies and
infrastructure. Educational institutions should be involved in identifying the skills needed for vector control and
training new cohorts of students as well as existing health sector staff (see Chapter 13, “Awareness- and skills-
building”).

Vector control teams should be provided with opportunities for networking and collaboration (Ortiz Bulto and
Linares Vega, 2021; Ortiz, 2021). In Barbados, Cuba and Dominica, government and international partners have
enabled team members to collaborate with meteorologists and scientists to co-create VBD EWSs and determine
how information from them will be used. VBD experts at the regional and international levels should actively
include staff working in the field in discussions on how to translate the results of research and the development
of EWSs into practical and useful action on the ground (Lowe et al., 2020; Stewart-lbarra, 2021; Stewart-lbarra
etal., 2019, 2022).

Vector control teams should be trained in/have the following characteristics (Medlock, 2021):

e  Strong links with the community and understanding of factors promoting compliance;

e Good knowledge of mosquito ecology and disease risks in the context of climate change;
e  Mosquito surveillance;

e Knowledge of how to seek and destroy breeding sites and reduce infestations;

e Knowledge of how to monitor and evaluate vector control interventions;
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e Appropriate use of insecticides given evidence on resistance;
e Resources and infrastructure for mobilisation;
e Strong leadership and supportive work environments.

Strengthen water, sanitation and hygiene infrastructure and services

Building climate-resilient water, sanitation and hygiene (WASH) systems is a general recommendation for
addressing climate-related health risks (R4ACCHC, 2023) and is detailed in Chapter 3, “Water, sanitation and
hygiene”. It is critical for the elimination of vector breeding sites, especially in vulnerable communities and urban
settings (Henry and Mendonga, 2020; Medlock, 2021). Guidelines on vector control should be expanded to
include underground breeding sites (such as cisterns and pipes) and brackish water (Mavian et al., 2018;
Méndez-Lazaro et al., 2014). Public health regulations on water storage should be revised, updated and enforced
(Lowe et al., 2020).

Waste management before the wet or hurricane season is a key intervention for disaster resilience. If potential
water receptacles are covered or adequately disposed of, the potential for mosquito proliferation in the event
of flooding or a hurricane will be lower (Medlock, 2021). Community clean-up drives can assist with this
(Sommerfeld and Kroeger, 2015). Bodies responsible for solid waste management should ensure that their
equipment, such as garbage trucks, can access remote communities in the event of a landslide, flood or
hurricane (Allen et al., 2019a; CARPHA, 2018).

Build skills in complementary disciplines

The training of healthcare workers and laboratory staff is also needed. Further and higher education institutions
can build skills in areas such as clinical care, communication, entomology, environmental health, laboratory
testing and vector control. The development of short courses and online training modules, through collaboration
with regional institutions of higher learning, can assist. See also Chapter 13, “Awareness- and skills-building”.

Support the tourist sector and ports of entry in preventing and controlling vector-borne diseases

Some VBDs, such as yellow fever, can be prevented through vaccination. A malaria vaccine has also been
launched. Caribbean governments should continue to be vigilant in requiring visitors to be vaccinated against
VBDs for which effective vaccines have been developed, depending on VBDs predicted to be of concern
(CARPHA, 2017). Airlines and cruise ship companies should continue with practices such as spraying aircraft
cabins prior to take-off and inspecting ships for infestations, particularly in water containers.

The Caribbean Community (CARICOM) Regional Coordinating Mechanism on Health Security was developed in
2014 partly in response to the chikungunya epidemic and focuses on measures to protect local populations from
imported diseases. The Global Health Security Cooperative Agreement with the Centers for Disease Control and
Prevention (CDC) included funding to address Zika starting in 2016. This has focused on enhanced surveillance
using GISs and laboratory and insectary facilities, and building a Caribbean network of VBD experts (CariVecNet).

Some tourist establishments have installed barrier methods such as bed nets, conduct regular exercises to
remove breeding sites and have advised their visitors to adopt prevention methods. The Caribbean Public Health
Agency (CARPHA) has collaborated with tourism ministries, the Caribbean Tourism Organization and the
Caribbean Hotel and Tourism Association (CHTA) to develop strategies on mosquito-borne diseases. The
Caribbean Alliance for Sustainable Tourism, which was formed by two board members of the CHTA, has
conducted educational sessions and webinars on Zika and other mosquito-borne diseases (RAACCHC, 2022b).
Such initiatives should be continued and promoted. Tourist premises should be subject to more regular public
health inspections, with an increase in the number of inspectors if necessary.
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Include vector-borne diseases in disaster preparedness and resilience strategies

Extreme weather events associated with climate change may disrupt vector control activities, highlighting the
need to put systems in place to strengthen the resilience of community infrastructure (Medlock, 2021).
Resilience strategies relevant to vector control in extreme events such as hurricanes and flooding should be put
in place (Allen et al., 2019a; CARPHA, 2018; Medlock, 2021):

e Strengthen the climate resilience of buildings housing laboratories and vector control departments and
their communications and other equipment and supplies.

e  Provide air conditioning in buildings and shipping containers used for remote laboratories or equipment
storage.

e  Provide robust vehicles and parking spaces for vector control staff that will withstand flooding or high
winds in the surrounding area.

e  Prepare temporary office accommodation and establish rapid repair processes.

e  Provide staff with real-time information on geographical communities at risk, through collaboration
with sentinel stations and meteorological services.

e  Establish rapid procurement/sourcing of vector control products and equipment.

e  Establish systems for the rapid removal and proper disposal of bulky waste and debris.

e  Establish systems for checking and fixing gauze on outlet pipes and screens on windows and for
ensuring rainwater drums are covered.

e Ensure access to first aid for vector control staff and vulnerable communities.

e Maintain and stockpile resources such as traps with charged batteries, mesh for securing cisterns,
covers for temporary water-capture receptacles, larvicide and where necessary adulticide (for fogging),
and public communication material for rapid dissemination.

e Compile lists of available stocks and create procedural manuals.

Research gaps and how to address them
Improved prediction models for vector-borne diseases

Research is needed to determine how meteorological factors interact with nonclimate drivers in the spread,
distribution and incidence of vector-borne infections. Nonclimate drivers include pathogen evolution, human
susceptibility to infection, ecosystem change, level of economic development, water and land use (e.g. dams,
deforestation), urbanisation, human behavioural factors, international travel and trade, level of public health
infrastructure, vector control measures and migration. It is reasonable to hypothesise that meteorological
factors interact with nonclimate drivers with a high degree of specificity, with marked variation by disease and
geographical location, meaning that this research needs to be conducted on a disease-specific and SIDS-specific
basis (Dubrow, 2021; Ortiz Bulto and Linares Vega, 2021). An important reason for conducting this research is
to inform the development of accurate EWSs, but it should be noted that this type of activity is research, not
surveillance. It can help to inform national, regional and international prevention and control policies; inform
adaptation and mitigation measures; and target resources where most needed.

The development of prediction models depends on the existence of strong surveillance data from the field and
from laboratories, however (R4ACCHC, 2023). See the subsection “Surveillance gaps and how to address them”
below.

Communication of information from early warning systems

It is important to research the best ways to communicate information from EWSs to key stakeholders.
Knowledge and communication products should be simple to use and accessible to decision-makers, especially
those responsible for public health, health service management and disaster preparedness (Stewart-Ibarra,
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2021). Knowledge products and communication methods designed for the general public based on EWS data
may be helpful, particularly in motivating action to prevent outbreaks (Lowe et al., 2020). Simplified modelling
and automation of thresholds for warnings can enhance uptake (Lowe et al., 2018; Stewart-lbarra et al., 2022).
Forecasts of disease risk could be used to inform hospitals about staffing needs and which medicines and
laboratory diagnostic reagents to stock (Allen et al., 2021a; Lowe et al., 2020; Stewart-lbarra et al., 2019).

Studies on knowledge, attitudes, beliefs and practices on vector-borne diseases

Studies on knowledge, attitudes, beliefs and practices (KABP) can reveal motivations for and constraints on
individual action to control VBDs, but very few have been conducted in the Caribbean. Only one study was
identified in the current review, published in 2006 (Rawlins et al., 2006b). Since the chikungunya and Zika
epidemics, the CDC has provided funds to CARPHA for further KABP surveys, but conducting these surveys was
challenging during the COVID-19 pandemic. Studies should be conducted to measure public knowledge about
vectors, their breeding practices, how they transmit diseases and whether diseases such as dengue are believed
to be spread in ways other than by vectors. Attitudes and behaviours relating to evidence-based VBD prevention
and control recommendations also need to be more closely examined to inform future interventions (Allen,
2021).

KABP studies are needed to inform the development of effective communication and behavioural interventions
to achieve the major objectives of vector control programmes, i.e. reducing vector breeding sites and adopting
personal protection and vector control measures.

Research on effective behavioural and communications interventions

Approaches to promoting vector control in the general population should be tested using intervention studies,
the outcomes of which are the adoption of behavioural recommendations and, ultimately, changes in vector
numbers and disease outbreaks (Dubrow, 2021).

Research based on behavioural theory can help in the development of interventions. For example, Anderson et
al. (2020) applied protection motivation theory in a study of personal protective behaviours to prevent
chikungunya (appropriate clothing and repellent use) among travellers from the United States of America to the
Caribbean. The perceived severity of the disease and perceived vulnerability were found to be significant
predictors. This type of research can help to inform communication in the tourism sector.

The general application of research on how to strengthen community action on public health can also assist. A
CARPHA evidence brief reviewed behaviour change strategies that can help to strengthen household and
community action for the prevention and control of mosquito-borne diseases. Findings included the following
(Yearwood and Polson-Edwards, 2017):

e  Participation in environmental enhancement and conservation activities produces personal, social,
physical and psychological benefits, and these foster individual change to benefit the community.

e Digital health promotion interventions, presented via electronic devices and social and other media,
help to modify behaviour, especially if combined with text messaging, online support and decision
support tools.

e Financial incentives, both positive and negative, have been successfully used to modify behaviour
related to risks such as smoking and alcohol use and the use of vaccination services, and these
incentives could be applied successfully to prevention of viral VBDs.

The implementation of recommendations from behavioural research should be monitored and evaluated to
improve the effectiveness of interventions.
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It is important when conducting such research to enable participants to explain in their own words the factors
that may prevent them from adopting the appropriate preventive behaviour. Individuals and communities may
regard other concerns as more immediate or important than VBD prevention, such as retaining employment,
maintaining relationships and other health concerns.

Studies in Latin American countries looked at strategies to involve communities in removing discarded
containers, cleaning backyard areas, covering large water containers, covering windows and large containers
with insecticide-treated material, elementary school education and practical skills development. These
interventions all led to a reduction in mosquito populations compared with control communities (Sommerfeld
and Kroeger, 2015). Similar studies involving vulnerable communities in research and intervention design should
be conducted in the Caribbean, while assessing the human resources and other resources available for the
sustained support of these efforts.

Identification of vulnerable communities in need of vector control interventions

As highlighted in the situational analysis on VBDs and in Chapter 9, “Distribution, equity and justice in climate
change and health”, the risks of VBDs are unevenly distributed such that identification of vulnerable
communities is critical (RAACCHC, 2023). The starting point for this research should be identifying the key facets
of communities’ vulnerability to VBDs, including:

e  Poor or unreliable access to water;

e  Poor or inadequate access to solid waste removal;

e High prevalence of open containers;

e  High risk of flooding;

e High risk of being isolated following severe weather events;
e Lowincome;

e History of marginalisation and discrimination.

Sentinel stations, VBD surveillance and meteorological services can help to provide real-time information on
vulnerable communities and their needs.

Further vulnerabilities within communities should be identified, such as among women, children, older people,
people with disabilities and people with NCDs. Research along these lines can assist in the efficient and equitable
allocation of vector control and healthcare resources (Allen, 2021; R4ACCHC, 2023).

Surveillance gaps and how to address them
Strengthened field and laboratory surveillance

Field-based staff, such as vector control, environmental, public health and laboratory personnel require further
skills, equipment and supplies, so that they can collect, enter and analyse data on a systematic basis. Their ability
to collect data on environmental conditions, vector numbers and distribution, and disease incidence and
prevalence must be improved so that data coverage and quality can be improved. Time series and location-
based data are critically needed. Strengthening capacity among front-line staff is critical to the ability of
researchers and policymakers to develop and use the evidence base (RAACCHC, 2023). There is also a role for
“citizen science” in providing reports on breeding sites and environmental hazards. Tools such as smart phone
apps can be used to facilitate data collection (Poon, 2022; Walsh et al., 2018).

Rapid availability of relevant data on public health and weather risks

Electronic information systems should be developed to enable the establishment of EWSs and responses to
evolving risks. Weather forecasting capacities should be strengthened and early warnings provided directly to
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healthcare providers. Public health inspectors and vector control teams should be trained in and provided with
computer hardware and tailored software to record their monitoring data on environmental conditions relating
to VBDs, such as drainage; solid and liquid waste management and disposal; water storage; adult and larval
vector counts; and inspection of public and commercial buildings and facilities, especially hotels, ports, cargo,
healthcare facilities and workplaces. Data from EWSs should be presented in bulletins to stakeholders, including
policymakers, healthcare managers and the general public.

Assess current and required equipment and supplies

Inventory and procurement information systems are needed to keep track of equipment and supplies for vector
control and enable a flexible response to emerging environmental threats.

Mapping the movement of vectors, vector-borne diseases and viral strains geographically and over time

Mapping and predicting the distribution of vectors, cases of disease and viral strains can sharpen the design of
control strategies and optimise the use of limited public health resources. With four dengue virus serotypes
circulating in the Caribbean, and given the vulnerability of individuals to severe forms of the disease if they are
exposed to a serotype they have not been infected with before, it is critical to map how serotypes and strains
are circulating within the region and in other areas connected through travel. Routine sequencing of dengue
virus strains can identify which part of the world they came from, helping to prevent further imported cases
(Douglas et al., 2020). Awareness of the spread of existing strains and the introduction of new strains is also
needed. Mapping the spread of vectors, which may move into new environments and even adapt to new places
and conditions, is needed as well. For instance, Yang et al. (2018) mapped the spread of the snails that cause
schistosomiasis and found that a combination of human behavioural and climatic factors has led to the
enlargement of their habitat from tropical to some subtropical regions. Prioritising surveillance and control
efforts in high-traffic regions with highly suitable vector habitats may be the most effective approach.

Excess deaths and seroprevalence surveys as tools of epidemiological surveillance

Many cases of VBDs are not reported to healthcare practitioners or onwards to surveillance systems. This means
that the true extent of illness and death from VBDs is not known. In the Jamaica Health and Lifestyle Survey
201617, the population prevalence of self-reported chikungunya was 48.8%, but 80.4% of the population had
a positive serum (blood) test for the disease (Ministry of Health Jamaica, 2018). This highlights the importance
of utilising available diagnostic tests to establish seroprevalence in the context of major outbreaks.

Freitas et al. (2019) looked at excess mortality in Jamaica in 2014, the year of a major outbreak of chikungunya.
Excess deaths were estimated by calculating the difference between observed deaths and the expected number
of deaths based on the average age-specific mortality rate in 2012—-13. They found that there was an excess of
2499 deaths during the epidemic (91.9/100 000 population) and a strong positive correlation between the
monthly incidence of chikungunya and excess deaths. Similar methods could be used in future to investigate
whether outbreaks are associated with increased mortality.

Research and surveillance capacity-strengthening needs
Improved prediction models for vector-borne diseases

Collecting good longitudinal data on nonclimate drivers is needed to enable research that will lead to improved
prediction models for VBDs. Researchers in several academic disciplines, including medical science,
environmental science, economics, behavioural science and international relations, should contribute their
expertise by strengthening their collection, analysis and communication of data on nonclimate drivers of climate
change and health risks, and informing policy.
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Establish links, networks, working relationships, data-sharing and methodological agreements between
research and surveillance professionals in the meteorological and health fields

This is linked to the recommendation on intersectoral and interagency collaboration and is covered in more
detail in Chapter 11, “Research and surveillance on climate change and health”. With regard to research on
VBDs, time periods for the integration of longitudinal data on weather patterns, vector densities and VBDs, and
spatial boundaries for data collection should be agreed on (Linares-Vega and Ortiz-Bulto, 2021; Ortiz, 2021; Ortiz
et al.,, 2015). There are some methodological challenges, since data on vector densities and VBD cases tend to
be collected less frequently than data on weather. For instance, at the regional level, cases of dengue,
chikungunya and Zika are reported in four-week blocks in communicable disease surveillance reports to CARPHA
and confirmed by laboratory testing of samples (Allen et al., 2019a). The relative infrequency of aggregated
regional VBD data collection means that, to get a picture of climate—VBD associations at the regional level and
to compare countries, datasets may need to cover periods of years (Allen et al., 2021a; CARPHA, 2017). These
types of methodological challenges will need to be discussed between agencies collecting data, to agree on ways
to integrate climate/weather and health data to analyse associations.

As mentioned above, the One Health approach is particularly relevant to the prevention and treatment of VBDs;
therefore, research collaborations between meteorologists, environmental health and medical professionals,
veterinarians and entomologists would be fruitful.

An excellent example of integrated science for health is that of the approach taken in Cuba. In this country,
research has been conducted on climate variability and change and its impact on health over the last 30 years.
This was facilitated by establishing a multi-agency group on climate and health based at the Instituto de
Meteorologia de la Republica de Cuba (INSMET), resulting in research projects and publications combining
climate and health data. INSMET communicates with the public when climate-related disease outbreaks and
risks are predicted (Allen et al., 2021b). In the past decade, efforts in Cuba have focused on understanding and
attributing the effects of climate on changing patterns of viral and bacterial agents that cause infectious
diseases. Cuban research teams have examined climatic data alongside the dynamics of the vectors and
pathogens affecting changes in disease transmission; ecological changes such as biodiversity loss, residential
location and nutrient cycle changes; and socioeconomic changes in areas such as demographics, migration,
sanitation and nutrition (Ortiz Bulto and Linares Vega, 2021).

Strengthen early warning systems and embed them in public health decision-making

The Caribbean is a global leader in the development of EWSs for VBDs (Stewart-lbarra, 2021), and these have
helped decision-makers to take targeted action to prevent and address outbreaks. However, only some
Caribbean countries have established these systems and are using them to help guide decision-making.

A scoping review found that almost all EWS models for VBDs require highly skilled users with knowledge of
advanced statistics (Hussain-Alkhateeb et al., 2021). One of the challenges in the local development of EWSs in
SIDS has been the lack of personnel with the requisite skills to combine health and climate datasets and to
conceptualise and implement the complex statistical modelling required (Mavian et al., 2018). There is therefore
a need to build expertise in statistical and epidemiological modelling in the region. Other areas where
strengthening skills is required are GIS and computer programming (Stewart-lbarra, 2021; Stewart-lbarra et al.,
2022). Cuba has developed its own institutional capacity in these areas (Linares-Vega and Ortiz-Bulto, 2021;
Linares-Vega et al., 2020; Ortiz, 2021; Ortiz et al., 2015). In other Caribbean countries, the requisite expertise
has generally been provided through collaboration with universities outside the region (Lippi et al., 2020; Lowe
et al., 2018; Lowe et al., 2020; Stewart-lbarra et al., 2022). These universities have engaged in collaboration and
capacity-building with local staff, but specific efforts are needed throughout the region to build human resources
through advanced training and scholarships as well as short courses.
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Electronic information systems are generally weak in the Caribbean and it is particularly important to strengthen
capacity for the monitoring of environmental conditions and diseases. Investment in electronic hardware and
the development of specialised software is needed.

51



2.3. REFERENCES

Ajlan, B. A., Alafif, M. M., Alawi, M. M., Akbar, N. A., Aldigs, E. K., Madani, T. A. (2019). Assessment of the new World Health
Organization’s dengue classification for predicting severity of illness and level of healthcare required. PLOS Negl/
Trop Dis. 13(8):e0007144. Available from: https://doi.org/10.1371/journal.pntd.0007144.

Allen, C. F. (2021). Management of environmental determinants of health: research and implementation agenda preparatory
document. Paper presented at the Conference on Climate Change and Health in Small Island Developing States:
Focus on the Caribbean (A Virtual Conference); 5-8 October.

Allen, C. F., Adams, R., West, R. M., Johnson, D., Hospedales, C. J. (2019a). Using public health surveillance data to assess
health impacts of severe weather events in Caribbean countries (0-53). West Indian Med J. 68 (Supplement 1):37.

Allen, C. F., West, R. M., Johnson, D., St Ville, S., Cox, I., Hospedales, C. J. (2019b). Impact of Hurricane Maria on environmental
determinants of health in Dominica (0-52). West Indian Med J. 68 (Supplement 1):37.

Allen, C. F., West, R. M., Beagley, J., McGushin, A. (2021a). Climate change and health in small island developing states.
London: The Lancet Countdown on Health and Climate Change, University College London. Available from:
https://www.lancetcountdown.org/resources.

Allen, C. F., West, R. M., Gordon-Strachan, G., Beagley, J., McGushin, A. (2021b). Developing indicators of climate change and
health linkages in Caribbean and Pacific small island developing states: priority issues and measurement capacities
(O-17). West Indian Med J. 69 (Supplement 2):26.

Amarakoon, D., Chen, A., Rawlins, S., Chadee, D., Taylor, M., Stennett, R. (2008). Dengue epidemics in the Caribbean —
temperature indices to gauge the potential for onset of dengue. Mitig Adapt Strateg Glob Change. 13(4):341-357.

Anderson, K. R., Naaman, K., Omodior, E., Karikari, G., Pennington-Gray, L., Omodior, O. (2020). Predicting chikungunya
disease personal protective behaviors: results of a cross-sectional survey of US—Caribbean travelers. Health Promot
Perspect. 10(1):43-49. Available from: https://doi.org/10.15171/hpp.2020.08.

Araiza-Garaygordobil, D., Garcia-Martinez, C. E., Burgos, L. M., Saldarriaga, C., Liblik, K., Mendoza, I., et al. (2021). Dengue
and the heart. Cardiovasc J Afr. 32(5):276-283. Available from: https://doi.org/10.5830/cvja-2021-033.

Benjamin, L. (2021). Climate change: predictive models for selected zoonotic and vector-borne diseases in communities
proximate to forests in small island developing states. Conference on Climate Change and Health in Small Island
Developing States: Focus on the Caribbean (A Virtual Conference); 5-8 October.

CARPHA (Caribbean Public Health Agency) (2014). CARPHA’s media conference on ebola virus and chikugunya September 11
2014. Port of Spain: CARPHA. Available from: https://www.youtube.com/watch?v=ulTjisqSBn0.

CARPHA (Caribbean Public Health Agency) (2017). State of public health in the Caribbean region 2014-2016 — building
resilience to immediate and increasing threats: vector-borne diseases and childhood obesity. Port of Spain:
CARPHA. Available from: https://carpha.org/Portals/0/Publications/State-of-Public-Health-in-the-Caribbean-
2014-2016.pdf.

CARPHA (Caribbean Public Health Agency) (2018). State of public health in the Caribbean 2017-2018 — climate and health:
averting and responding to an unfolding health crisis. Port of Spain: CARPHA. Available from:
https://carpha.org/What-We-Do/Health-Information/State-of-Public-Health.

CDC (Centers for Disease Control and Prevention) (2022). Dengue. Atlanta, GA: CDC. Available from:
https://wwwnc.cdc.gov/travel/diseases/dengue.

Chadee, D. D., Shivnauth, B., Rawlins, S. C., Chen, A. A. (2006). Dengue Fever and Climate Variability: A Prospective Study in
Trinidad and Tobago. In: Chen, A. A., Chadee, D. D., Rawlins, S. C., editors. Climate change impact on dengue: the
Caribbean experience. Mona, Jamaica: University of the West Indies.

Charles, R. A., Bermudez, S., Banovi¢, P., Alvarez, D. O., Diaz-Sanchez, A. A., Corona-Gonzalez, B., et al. (2021). Ticks and tick-
borne diseases in Central America and the Caribbean: A One Health perspective. Pathogens. 10(10):1273. Available
from: https://doi.org/10.3390/pathogens10101273.

52


https://doi.org/10.1371/journal.pntd.0007144
https://www.lancetcountdown.org/resources
https://doi.org/10.15171/hpp.2020.08
https://doi.org/10.5830/cvja-2021-033
https://www.youtube.com/watch?v=ulTjisqSBn0
https://carpha.org/Portals/0/Publications/State-of-Public-Health-in-the-Caribbean-2014-2016.pdf
https://carpha.org/Portals/0/Publications/State-of-Public-Health-in-the-Caribbean-2014-2016.pdf
https://carpha.org/What-We-Do/Health-Information/State-of-Public-Health
https://doi.org/10.3390/pathogens10101273

Chen, A. A., Chadee, D. D., Amarakoon, D. (2006a). Early Warning System. In: Chen, A. A., Chadee, D. D., Rawlins, S. C,,
editors. Climate change impact on dengue: the Caribbean experience. Mona, Jamaica: University of the West
Indies.

Chen, A. A, Chadee, D. D., Rawlins, S. C. (2006b). Climate change impact on dengue: the Caribbean experience. Mona,
Jamaica: University of the West Indies.

Clauzel, S., Forbes-Robertson, L. (2017). Environmental factors in Caribbean health. Castries, Saint Lucia: Environmental
Health and Sustainable Development Department, Caribbean Public Health Agency.

Dente, M. G., Riccardo, F., Nacca, G., Ranghiasci, A., Escadafal, C., Gaayeb, L., et al. (2018). Strengthening preparedness for
arbovirus infections in Mediterranean and Black Sea countries: a conceptual framework to assess integrated
surveillance in the context of the One Health strategy. Int J Environ Res Public Health. 15(3):489. Available from:
https://doi.org/10.3390/ijerph15030489.

Diaz-Quijano, F. A., Waldman, E. A. (2012). Factors associated with dengue mortality in Latin America and the Caribbean,
1995-2009: an ecological study. Am J Trop Med Hyg. 86(2):328-334.

Douglas, K. O., Dutta, S. K., Martina, B., Anfasa, F., Samuels, T. A, Hilaire, M. G. S. (2020). Dengue fever and severe dengue
in Barbados, 2008-2016. Trop Med Infect Dis. 5(2):68. Available from:
https://doi.org/10.3390/tropicalmed5020068.

Douglas, K. O. (2021). The impact of climate change on human dengue infections in the Caribbean. Conference on Climate
Change and Health in Small Island Developing States: Focus on the Caribbean (A Virtual Conference); 5-8 October.

Dubrow, R. (2021). Research on impact of climate on health: research and implementation agenda preparatory document.
Conference on Climate Change and Health in Small Island Developing States: Focus on the Caribbean (A Virtual
Conference); 5-8 October.

Ferreira, M. C. (2014). Geographical distribution of the association between El Nifio south oscillation and dengue fever in the
Americas: a continental analysis using geographical information system-based techniques. Geospatial Health.
9(1):141-151. Available from: https://doi.org/10.4081/gh.2014.12.

Fontes-Filho, J. R., Kaufmann, C., Fonseca, T. M., Pimenta, R., Souza, J., Novaes, E. (2021). Governance of interorganizational
health emergency networks: facing the Zika pandemic. Annals of Public and Cooperative Economics. 92(2):333—
354, Available from: https://doi.org/10.1111/apce.12299.

Francis, K. (2021). Climate and dengue transmission in Grenada for the period 2010-2020: should we be concerned?
Conference on Climate Change and Health in Small Island Developing States: Focus on the Caribbean (A Virtual
Conference); 5-8 October.

Freitas, A. R. R., Gérardin, P., Kassar, L., Donalisio, M. R. (2019). Excess deaths associated with the 2014 chikungunya epidemic
in Jamaica. Pathog Glob Health. 113(1):27-31. Available from: https://doi.org/10.1080/20477724.2019.1574111.

Gharbi, M., Quenel, P., Gustave, J., Cassadou, S., Ruche, G. L., Girdary, L., Marrama, L. (2011). Time series analysis of dengue
incidence in Guadeloupe, French West Indies: forecasting models using climate variables as predictors. BMC Infect
Dis. 11:166. Available from: https://doi.org/10.1186/1471-2334-11-166.

Hemme, R. R., Thomas, C. L., Chadee, D. D., Severson, D. W. (2010). Influence of urban landscapes on population dynamics
in a short-distance migrant mosquito: evidence for the dengue vector Aedes aegypti. PLOS Negl Trop Dis. 4(3):e634.
Available from: https://doi.org/10.1371/journal.pntd.0000634.

Heslop-Thomas, C., Bailey, W. (2006). Socio-economic Study — Vulnerability to Dengue Fever in Jamaica. In: Chen, A. A.,
Chadee, D. D., Rawlins S. C., editors. Climate change impact on dengue: the Caribbean experience. Mona, Jamaica:
University of the West Indies.

Henry, S., Mendonga, A. F. A. (2020). Past, present, and future vulnerability to dengue in Jamaica: a spatial analysis of monthly
variations. Int J Environ Res Public Health. 17(9):3156. Available from: https://doi.org/10.3390/ijerph17093156.

Hussain-Alkhateeb, L., Ramirez, T. R., Kroeger, A., Gozzer, E., Runge-Ranzinger, S. (2021). Early warning systems (EWSs) for
chikungunya, dengue, malaria, yellow fever, and Zika outbreaks: what is the evidence? A scoping review. PLOS Negl
Trop Dis. 15(9):e0009686 Available from: https://doi.org/10.1371/journal.pntd.0009686.

53


https://doi.org/10.3390/ijerph15030489
https://doi.org/10.3390/tropicalmed5020068
https://doi.org/10.4081/gh.2014.12
https://doi.org/10.1111/apce.12299
https://doi.org/10.1080/20477724.2019.1574111
https://doi.org/10.1186/1471-2334-11-166
https://doi.org/10.1371/journal.pntd.0000634
https://doi.org/10.3390/ijerph17093156
https://doi.org/10.1371/journal.pntd.0009686

Johansson, M. A., Cummings, D. A. T., Glass, G. E. (2009). Multiyear climate variability and dengue — El Nifio southern
oscillation, weather, and dengue incidence in Puerto Rico, Mexico, and Thailand: a longitudinal data analysis. PLOS
Med. 6(11).

Jury, M. R. (2008). Climate influence on dengue epidemics in Puerto Rico. Int J Environ Health Res. 18(5):323-334. Available
from: https://doi.org/10.1080/09603120701849836.

Krauer F., Riesen M., Reveiz L., Oladapo O. T., Martinez-Vega R., Porgo T. V., Haefliger A., Broutet N. J., Low N., WHO Zika
Causality Working Group (2017). Zika virus infection as a cause of congenital brain abnormalities and Guillain-Barré
Syndrome: systematic review. PLOS Med. 14(1):e1002203.

La Rosa, T., Poon King, P., Giddings, S., Seemungal, T. (2017). Cohort study for clinical and epidemiological follow-up of
patients with arthralgia post chikungunya referred to a rheumatology clinic at a tertiary hospital in Trinidad and
Tobago (ChikArt). West Indian Med J. 66(Supplement 1)(0-32):31.

Lichtveld, M., Wahid, F. (2017). Climate change and health: a Caribbean region imperative. West Indian Med J.
66(Supplement 1):1-2.

Linares-Vega, Y., Ortiz-Bulto, P. L. (2021). Dengue and SARS-CoV-2 co-circulation early warning according to climate variations
in Cuba. J Mycol Mycological Sci. 4(2). Available from: https://doi.org/10.23880/0ajmms-16000146.

Linares-Vega, Y., Ortiz-Bultd, P. L., Borroto-Gutiérrez, S., Acosta-Herrera, B., Valdés-Ramirez, O., Guzman, M. G. (2020).
Modeling and predicting the impact of climate variability on influenza virus spread in Cuba. J Mycol Mycological
Sci. 3(3).

Lippi, C. A., Stewart-lbarra, A. M., Romero, M., Lowe, R., Mahon, R., Van Meerbeeck, C. J., et al. (2020). Spatiotemporal tools
for emerging and endemic disease hotspots in small areas: an analysis of dengue and chikungunya in Barbados,
2013-2016. Am J Trop Med Hyg. 103(1):149-156. Available from: https://doi.org/10.4269/ajtmh.19-0919.

Lowe, R., Gasparrini, A., Van Meerbeeck, C. J., Lippi, C. A., Mahon, R., Trotman, A. R, et al. (2018). Nonlinear and delayed
impacts of climate on dengue risk in Barbados: a modelling study. PLOS Medicine. 15(7):€1002613. Available from:
https://doi.org/10.1371/journal.pmed.1002613.

Lowe, R., Ryan, S. J., Mahon, R., Van Meerbeeck, C. J., Trotman, A. R., Boodram, L.-L. G., et al. (2020). Building resilience to
mosquito-borne  diseases in the Caribbean. PLOS Biol. 18(11):e3000791. Available from:
https://doi.org/10.1371/journal.pbio.3000791.

Marmot, M. (2005). Social determinants of health inequalities. Lancet. 365:1099-1104.

Mavian, C., Dulcey, M., Munoz, O., Salemi, M., Vittor, A. Y., Capua, |. (2018). Islands as hotspots for emerging mosquito-borne
viruses: a One-Health perspective. Viruses. 11(1):11. Available from: https://doi.org/10.3390/v11010011.

Medlock, J. (2021). Challenges posed by hurricanes to vector control. Conference on Climate Change and Health in Small
Island Developing States: Focus on the Caribbean (A Virtual Conference); 5-8 October. Available from:
https://www.youtube.com/watch?v=-PTcgTargcA&list=PLZKEIzrlgp1UXKNs9pUriJV5sYWdLUolp&index=5.

Méndez-Lazaro, P., Muller-Karger, F. E., Otis, D., McCarthy, M. J., Pefia-Orellana, M. (2014). Assessing climate variability
effects on dengue incidence in San Juan, Puerto Rico. Int J Environ Res Public Health. 11(9):9409-9428.

Ministry of Health Jamaica. (2018). Jamaica health and lifestyle survey Il 2016—2017. Kingston: Government of Jamaica.
Available from: https://www.moh.gov.jm/wp-content/uploads/2018/09/Jamaica-Health-and-Lifestyle-Survey-IlI-
2016-2017.pdf.

One Health Global Network (n.d.). What is one health? Available from: https://www.onehealthglobal.net/what-is-one-
health.

Ortiz, P. L. (2021). Cuba’s experience in implementation of an early warning system for the prediction of infectious diseases,
with an emphasis on dengue fever. Conference on Climate Change and Health in Small Island Developing States:
Focus on the Caribbean (A Virtual Conference); 5-8 October.

Ortiz Bulto, P. L., Linares Vega, Y. (2021). Cuban approaches to climate and health studies in tropics early warning system
and learned lessons. Virol Immunol J. 5(3). Available from: https://doi.org/10.23880/vij-16000282.

Ortiz, P. L., Rivero, A,, Linares, Y., Perez, A., Vazquez, J. R. (2015). Spatial models for prediction and early warning of Aedes
aegypti proliferation from data on climate change and variability in Cuba. MEDICC Rev. 17(2):20-28.

54


https://doi.org/10.1080/09603120701849836
https://doi.org/10.23880/oajmms-16000146
https://doi.org/10.4269/ajtmh.19-0919
https://doi.org/10.1371/journal.pmed.1002613
https://doi.org/10.1371/journal.pbio.3000791
https://doi.org/10.3390/v11010011
https://www.youtube.com/watch?v=-PTcgTargcA&list=PLZKElzrIqp1UXKNs9pUriJV5sYWdLUoIp&index=5
https://www.moh.gov.jm/wp-content/uploads/2018/09/Jamaica-Health-and-Lifestyle-Survey-III-2016-2017.pdf
https://www.moh.gov.jm/wp-content/uploads/2018/09/Jamaica-Health-and-Lifestyle-Survey-III-2016-2017.pdf
https://www.onehealthglobal.net/what-is-one-health
https://www.onehealthglobal.net/what-is-one-health
https://doi.org/10.23880/vij-16000282

PAHO (Pan American Health Organization) (2022a). Dengue. Washington, D.C.: PAHO. Available from:
https://www.paho.org/en/topics/dengue.

PAHO (Pan American Health Organization) (2022b). Neglected, tropical and vector borne diseases. Washington, D.C.: PAHO.
Available from: https://www.paho.org/en/topics/neglected-tropical-and-vector-borne-diseases.

Poon, L. (2022). It takes a village to map the urban island heat effect. New York: Bloomberg L.P. Available from:
https://www.bloomberg.com/news/articles/2022-11-28/citizen-scientists-map-urban-heat-down-to-the-block-
level.

Public Health England (2017). Zika virus: symptoms and complications. London: United Kingdom Government. Available
from: https://www.gov.uk/guidance/zika-virus-symptoms-and-complications.

RAACCHC (Research for Action on Climate Change and Health in the Caribbean) (2022a). RAACCHC dialogue with key
stakeholders from Saint Lucia.

RAACCHC (Research for Action on Climate Change and Health in the Caribbean) (2022b). R4ACCHC dialogue with the
Caribbean Hotel and Tourism Association.

RAACCHC (Research for Action on Climate Change and Health in the Caribbean) (2023). Feedback from breakout room
sesssion on vulnerability to vector-borne diseases. Stakeholder Dialogue: Caribbean Research for Action Agenda
on Climate and Health, 9—10 May.

Ramrattan, L. (2015). Measuring the economic impact of chikungunya in the Caribbean PPT. Saint Augustine, Trinidad and
Tobago: University of the West Indies.

Rawlins, S. C., Chen, A. A, Chadee, D. D. (2006a). Introduction. In: Chen, A. A., Chadee, D. D., Rawlins, S. C., editors. Climate
change impact on dengue: the Caribbean experience. Mona, Jamaica: University of the West Indies.

Rawlins, S. C., Bailey, W., Chadee, D. D., Heslop-Thomas, C. (2006b). Knowledge, Attitudes and Practice (KAP) Studies in
Trinidad and Tobago, St Kitts-Nevis and Jamaica. In: Chen, A. A,, Chadee, D. D., Rawlins, S. C., editors. Climate
change impact on dengue: the Caribbean experience. Mona, Jamaica: University of the West Indies.

Rise, N., Oura, C., Drewry, J. (2022). Climate change and health in the Caribbean: a review highlighting research gaps and
priorities. J Climate Change Health. 8:100126. Available from: https://doi.org/10.1016/j.joclim.2022.100126.

Ryan, S. J.,, Carlson, C. J., Stewart-lbarra, A. M., Borbor-Cordova, M. J., Romero, M. M., Cox, S. A., et al. (2017). Outbreak of
Zika virus infections, Dominica, 2016. Emerg Infect Dis. 23(11):1926-1927. Available from:
https://doi.org/10.3201/eid2311.171140.

Ryan, S. J., Lippi, C. A., Carlson, C. J., Stewart-lbarra, A. M., Borbor Cordova, M. J., Romero, M. M., et al. (2018). Zika virus
outbreak, Barbados, 2015-2016. Am J Trop Med Hyg. 98(6):1857-1859.

Schnitter, R., Verret, M., Berry, P., Chung Tiam Fook, T., Hales, S., Lal, A., Edwards, S. (2019). An assessment of climate change
and health vulnerability and adaptation in Dominica. Int J Environ Res Public Health. 16(1):70. Available from:
https://doi.org/10.3390/ijerph16010070.

Sommerfeld, J., Kroeger, A. (2015). Innovative community-based vector control interventions for improved dengue and
Chagas disease prevention in Latin America. Trans R Soc Trop Med Hyg. 109:85-88. Available from:
https://doi.org/10.1093/trstmh/trul76.

Stewart-lbarra, A. M. (2021). The co-creation of a dengue early warning system for the health sector in the Caribbean.
Conference on Climate Change and Health in Small Island Developing States: Focus on the Caribbean (A Virtual
Conference); 5-8 October.

Stewart-lbarra, A. M., Ryan, S. J., Cordova, M. B., Romero, M., Lowe, R., Lippi, C., Carlson, C. (2017). A spatio-temporal
modeling framework for Aedes aegypti transmitted diseases in the Caribbean. Bridgetown, Barbados: Caribbean
Institute for Meteorology and Hydrology.

Stewart-lbarra, A. M., Romero, M., Hinds, A. Q. J., Lowe, R., Mahon, R., Van Meerbeeck, C. J., et al. (2019). Co-developing
climate services for public health: Stakeholder needs and perceptions for the prevention and control of Aedes-
transmitted diseases in the Caribbean. PLOS Negl Trop Dis. 13(10):e0007772. Available from:
https://doi.org/10.1371/journal.pntd.0007772.

55


https://www.paho.org/en/topics/dengue
https://www.paho.org/en/topics/neglected-tropical-and-vector-borne-diseases
https://www.bloomberg.com/news/articles/2022-11-28/citizen-scientists-map-urban-heat-down-to-the-block-level
https://www.bloomberg.com/news/articles/2022-11-28/citizen-scientists-map-urban-heat-down-to-the-block-level
https://www.gov.uk/guidance/zika-virus-symptoms-and-complications
https://doi.org/10.1016/j.joclim.2022.100126
https://doi.org/10.3201/eid2311.171140
https://doi.org/10.3390/ijerph16010070
https://doi.org/10.1093/trstmh/tru176
https://doi.org/10.1371/journal.pntd.0007772

Stewart-lbarra, A. M., Rollock, L., Best, S., Brown, T., Diaz, A. R., Dunbar, W., et al. (2022). Co-learning during the co-creation
of a dengue early warning system for the health sector in Barbados. BMJ Glob Health. 7(1):e007842. Available
from: https://doi.org/10.1136/bmjgh-2021-007842.

Taylor, M. A., Chen, A. A., Bailey, W. (2010). Review of health effects of climate variability and climate change in the
Caribbean. Belmopan: Caribbean Community Climate Change Centre.

Walsh, J. E., Thoman, R. I., Bhatt, U. S., Bieniek, P. S., Brettschneider, B., Brunaker, M., et al. (2018). The High Latitude Marine
Heat Wave of 2016 and its Impacts on Alaska. Bull Am Meteorol Soc. 99(1):39-43.

Wilkerson, R. C., Linton, Y.-M., Strickman, D. (2021). Mosquitoes of the world. Baltimore, MD: John Hopkins University Press.

WHO (World Health Organization) (2009). Dengue guidelines for diagnosis, treatment, prevention and control: new edition.
Geneva: WHO.

WHO (World Health Organization) (2012). Handbook for integrated vector management. Geneva: WHO. Available from:
http://apps.who.int/iris/bitstream/handle/10665/44768/9789241502801_eng.pdf;jsessionid=639C451E2A6284C
2C6C5E1E087F26EF3?sequence=1.

WHO (World Health Organization) (2017). Global vector control response 2017-2030. Geneva: WHO. Available from:
https://www.who.int/publications/i/item/9789241512978.

WHO (World Health Organization) (2022a). Vector-borne diseases. Available from: https://www.who.int/en/news-
room/fact-sheets/detail /vector-borne-diseases.

WHO (World Health Organization) (2022b). Compendium of WHO and other UN guidance on health and environment.
Geneva: WHO.

Yang, Y., Cheng, W., Wu, X., Huang, S., Deng, Z., Zeng, X., et al. (2018). Prediction of the potential global distribution for
Biomphalaria straminea, an intermediate host for Schistosoma mansoni. PLOS Negl Trop Dis. 12(5):e0006548.
Available from: https://doi.org/10.1371/journal.pntd.0006548.

Yearwood, A., Polson-Edwards, K. (2017). Evidence brief: strengthening household and community action for the prevention
and control of arboviral diseases in the Caribbean. Port of Spain: Caribbean Public Health Agency.

56


https://doi.org/10.1136/bmjgh-2021-007842
http://apps.who.int/iris/bitstream/handle/10665/44768/9789241502801_eng.pdf;jsessionid=639C451E2A6284C2C6C5E1E087F26EF3?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/44768/9789241502801_eng.pdf;jsessionid=639C451E2A6284C2C6C5E1E087F26EF3?sequence=1
https://www.who.int/publications/i/item/9789241512978
https://www.who.int/en/news-room/fact-sheets/detail/vector-borne-diseases
https://www.who.int/en/news-room/fact-sheets/detail/vector-borne-diseases
https://doi.org/10.1371/journal.pntd.0006548

	ACKNOWLEDGEMENTS
	LIST OF ABBREVIATIONS
	INTRODUCTION, METHODOLOGY AND MAIN FINDINGS
	HOW THE CARIBBEAN RESEARCH FOR ACTION AGENDA WAS DEVELOPED
	CROSS-CUTTING THEMES EMERGING FROM THE ANALYSES OF THE 18 PRIORITY AREAS
	CONCLUSION
	REFERENCES
	DOMAIN 1: CLIMATE CHANGE HEALTH IMPACTS, EXPOSURES AND VULNERABILITY
	1. HEALTH IMPACTS OF EXTREME WEATHER EVENTS
	1.1. WHAT IS HAPPENING?
	1.2. WHAT SHOULD BE DONE?
	1.3. REFERENCES
	2. VULNERABILITY TO VECTOR-BORNE DISEASES
	2.1. WHAT IS HAPPENING?
	2.2. WHAT SHOULD BE DONE?
	2.3. REFERENCES
	3. WATER, SANITATION AND HYGIENE
	3.1 WHAT IS HAPPENING?
	3.2. WHAT SHOULD BE DONE?
	3.3. REFERENCES
	4. NONCOMMUNICABLE DISEASES AND RISK FACTORS
	4.1. WHAT IS HAPPENING?
	4.2. WHAT SHOULD BE DONE?
	4.3. REFERENCES
	5. AIR QUALITY
	5.1. WHAT IS HAPPENING?
	5.2. WHAT SHOULD BE DONE?
	5.3. REFERENCES
	6. HEAT-RELATED ILLNESS
	6.1. WHAT IS HAPPENING?
	6.2. WHAT SHOULD BE DONE?
	6.3. REFERENCES
	7. MENTAL HEALTH
	7.1. WHAT IS HAPPENING?
	7.2. WHAT SHOULD BE DONE?
	7.3. REFERENCES
	8. POPULATION DISPLACEMENT AND MIGRATION
	8.1. WHAT IS HAPPENING?
	8.2. WHAT SHOULD BE DONE?
	8.3. REFERENCES
	9. DISTRIBUTION, EQUITY AND JUSTICE IN CLIMATE CHANGE AND HEALTH
	9.1. WHAT IS HAPPENING?
	9.2. WHAT SHOULD BE DONE?
	9.3. REFERENCES
	DOMAIN 2: ADAPTATION, PLANNING AND RESILIENCE FOR HEALTH
	10. COLLABORATION BETWEEN AGENCIES
	10.1. WHAT IS HAPPENING?
	10.2. WHAT SHOULD BE DONE?
	10.3. REFERENCES
	11. RESEARCH AND SURVEILLANCE ON CLIMATE CHANGE AND HEALTH
	11.1. WHAT IS HAPPENING?
	11.2. WHAT SHOULD BE DONE?
	11.3. REFERENCES
	12. AGRICULTURE AND FOOD SAFETY AND SECURITY
	12.1. WHAT IS HAPPENING?
	12.2. WHAT SHOULD BE DONE?
	12.3. REFERENCES
	13. AWARENESS- AND SKILLS-BUILDING
	13.1. WHAT IS HAPPENING?
	13.2. WHAT SHOULD BE DONE?
	13.3. REFERENCES
	DOMAIN 3: MITIGATION ACTIONS AND HEALTH CO-BENEFITS
	14. MARINE RESOURCES AND HEALTH
	14.1. WHAT IS HAPPENING?
	14.2. WHAT SHOULD BE DONE?
	14.3. REFERENCES
	15. CLIMATE-FRIENDLY HEALTH-PROMOTING INFRASTRUCTURE
	15.1. WHAT IS HAPPENING?
	15.2. WHAT SHOULD BE DONE?
	15.3. REFERENCES
	16. SMART HEALTH FACILITIES
	16.1. WHAT IS HAPPENING?
	16.2. WHAT SHOULD BE DONE?
	16.3. REFERENCES
	DOMAIN 4: RESOURCES AND ENGAGEMENT FOR CLIMATE CHANGE AND HEALTH ACTION
	17. FUNDING STREAMS FOR CLIMATE AND HEALTH ACTION
	17.1. WHAT IS HAPPENING?
	17.2. WHAT SHOULD BE DONE?
	17.3. REFERENCES
	18. GOVERNMENT ENGAGEMENT IN HEALTH AND CLIMATE CHANGE
	18.1. WHAT IS HAPPENING?
	18.2. WHAT SHOULD BE DONE?
	18.3. REFERENCES

