This paper has been published at the Journal of Cleaner Production,
Volume 177, 10 March 2018, Pages 589-596
https://www.sciencedirect.com/science/article/pii/S0959652617331037

Climate Change and Health: an analysis of causal relations on the spread of

vector-borne diseases in Brazil

Authors:

Walter Leal Filho, HAW Hamburg and Manchester Metropolitan University*

Juliane Bonecke, HAW Hamburg

Hannah Spielmann, HAW Hamburg

Ulisses M Azeiteiro, Department of Biology & CESAM Centre for Environmental and
Marine Studies, University of Aveiro, 3810-193, Aveiro, Portugal

Fatima Alves, UnversidadeAberta, Portugal & Centre for Functional Ecology,
University of Coimbra, Portugal

Mauren Lopes de Carvalho, Instituto Federal de Educacéo

Gustavo J. Nagy, Facultad de Ciencias, UdelaR, Uruguay

Highlights
¢ Climate change can have significant impacts on health
e Climate change contributes to the spread of vector-borne diseases
e Developing countries such as Brazil are particularly vulnerable

e Reliable policies are needed to address the problem

Abstract

The increases in greenhouse gas concentrations caused by anthropogenic activities such
as industrial emissions, transport and burning of forests and other resources, recorded
over the past decades, are known to have an impact on the global environment. In
particular, this paper reviews the evidence that climate change has an impact on human

health as a whole and on the spread of vector-borne diseases in particular. It offers an


https://www.sciencedirect.com/science/article/pii/S0959652617331037

analysis of previous research on the connections between climate change and health,

with a case study from Brazil, and lists some areas which may guide future policy-
making.
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Introduction

According to the Intergovernmental Panel on Climate Change (IPCC), rises in global
temperatures due to anthropogenic influence are a fact, and human influence in this
system is clear. Moreover, it is highly probable that one of the main causes of global
warming since the Industrial Revolution is the release of greenhouse gases as a result of
human activity (IPCC, 2014).

The IPCC classifies the effects of the climatic changes in three categories (IPCC,
2012):

¢ Impacts on the physical systems: floods and droughts;
e Impacts on the biological systems: forest fires; and
¢ Impacts on human and management systems: food production; means of

subsistence; health.

In the context of health, Butler and Harley (2010) have described the primary,
secondary and tertiary effects of the climatic change, and have called for the medical
community to expand their involvement with this problem, which has been affecting
global health. The primary effects of climate change on human health come from the
direct impacts of the physical systems on human well-being, such as heat waves, floods
and droughts. Managing the risk of extreme events under climate change is therefore
crucial(Yuan et al., 2017) considering its interlinkages with health and well-being. The
secondary effects may occur from changes in the distribution and ecology of vectors,
parasites and animal reservoirs. For the most part, these vectors rely on water reservoirs
to complete their biological cycle. The improvement of water management systems,
namely residential rainwater harvesting systems, assumes vital importance (Haque et
al., 2016) by assuring the conditions to prevent health hazards on environmental and
public health. Finally, the tertiary effects are related to the political-ecological conflicts
that have been occurring, such as the displacement of populations and the expansion of
inequality in the production and allocation of food.

However, the primary, secondary and tertiary effects of climate change on health are
closely related. Heat waves, for instance, have influenced the increase in morbidity and
mortality, not only among the elderly (Benmarhnia et al., 2015) but also among adults
and children with newborns being the most concerned represented by a high infant

mortality rate (Basagafia et al., 2011). A low socioeconomic status and thus often



lowered resilience may aggravate the level of vulnerability to heat waves (Benmarhnia
et al., 2015; Gronlund, 2014). Torrential rainfall, flooding and the scarcity of rain also
exacerbate diseases and health problems in terms of water contamination, emerging
infectious diseases or habitat destruction. Extreme floods and flooding compromise
livelihoods and health services, strongly hitting those with fewer compensatory
resources. According to the international disasters database, EM-DAT, the recorded
incidence of floods has been increasing drastically in the world. In 1975, 17 events were
registered while in 2015, 160 situations of floods were recorded. Although part of this
growth is related to the improvement of information systems, the real growth in the
number of events is undeniable (http://www.emdat.be/disaster_trends/index.html -
accessed in 12/27/2016). Droughts, a phenomenon that has been intensified due to
climatic changes (Dai, 2011), clearly emphasizes this relation. In order to face droughts,
people need to store water for long periods of time (Meason and Paterson, 2014).

Speaking of the diverse health impacts, a shortage of water may cause malnutrition
and nutritional deficiencies, health complaints related to inadequate water supply,
sanitation, and water storage, changes in the quality of air, as well as acute and chronic
respiratory diseases. Populations subjected to situations of floods usually show
symptoms of post-traumatic stress (Alderman et al., 2012; Stanke et al., 2012).
Furthermore, there are water-borne and vector-borne agents that affect the eyes, skin
and gastrointestinal tract (Huang et al., 2016), many of them being transmitted by
vectors such as Leptospirosis, Schistosomiasis and arboviruses like Dengue, Zika, or
Malaria (Freitas and Ximenes, 2012).

With the rapid spread of the Zikavirus in the Americas (Ferguson et al., 2016), and
the global expansion of vectors that are able to transmit Dengue, Zika, and
Chikungunya virus (Kraemer et al., 2015), neglected tropical diseases that are
associated with climate dynamics reiteirate the need for intensified political attention
and global health action (Watts et al., 2017). Climate-sensitive vector-borne diseases on
the one hand, and mosquito-transmitted diseases in particular, seem multi factorially
conditioned and have evolved, since the rise in global temperature leads to an increase
in rainy and barren periods (Meason and Paterson, 2014). These, in turn, but may also
directly influence vector and virus development and the vectorial capacity of
mosquitoes (Caminade et al., 2017; Naidoo and Olaniran, 2013). Changes in
temperature, humidity and rain patterns are known to have also contributed to the

transmission of Malaria (Chirebvu et al., 2016). However, other factors linked to



environmental changes need to be considered, such as changes in the use of the soil,
increase in population, migratory movements, global trade and travel, increasing
urbanization and economic growth (Becker et al., 2012,; Caminade et al., 2014).

As a consequence of climate-related natural hazards and health issues, economic and
financial impacts compromise mental health by causing stress, anxiety, alcoholism and
suicide. They may also unleash migratory processes that contribute to the dissemination
of diseases and epidemics (Alpino et al., 2016). Weakened and more susceptible to
health risks, the populations also become more vulnerable to physical and mental
diseases, which undermine their capacity for work and subsistence. Consequently,
climatic changes affect health through different mechanisms. Extreme events have
increased worldwide since 1950, especially concerning more hot days and heavy rainfall
episodes (Herring et al., 2014), and there are more frequent weather extremes (Hulme,
2014).

1. Climate change and health: reviewing the impacts

There is widespread consensus among the scientific community that the global
climate is changing (Alves et al., 2014; Leal Filho et al., 2014, 2016), threatening all
forms of life on Earth as we know it. Despite some contradictory information that
mostly circulates in the mass media and political spheres, science has integrated climate
change into the public agenda and has emphasized not only its natural course and causes
but also its anthropogenic nature (Watts et al., 2017). These anthropogenic actions,
mainly cumulated since the Industrial Revolution, are the main cause of the
environmental crisis that we face nowadays. The consequences of climate change on
health are inevitable and are likely to become more intensive in the future, especially in
poor countries, where the ability to adapt is limited by restricted access to resources and
technology (Leal Filho et al., 2016). Climate change may interfere with population
health levels by either aggravating existing conditions or even causing disability and
death. We can, however, consider the positive effects on the health of populations if we
consider mitigation and adaptation measures to cope with climate change and its direct
and indirect impacts on health, which may create better social and environmental
conditions to increase the health levels and well-being of populations. Therefore,
addressing climate change could be the greatest global health opportunity of the 21st

century (Watts et al., 2015, 2017), since the impacts of climate change on health are



very sensitive to both climate change policy and climate and environment-related health

measures.

1.1. Climate change and health relationships: Types of impacts

The impacts of climate change on health can be of direct, as for example extreme
events, or indirect influence through the effects on ecosystems, biodiversity and
societies’ organization (e.g., economic production systems, climate migrations, poverty,
inequalities). Following the findings of Watts et al. (2015), the interactions between
greenhouse gas emissions, climate change and human health are complex associated
with various health challenges like undernutrition, harmful algal bloom, mental health
issues, cardiovascular and respiratory diseases, and vector-borne and water-borne
infections. Although climate change does not directly create new diseases, scientific
research proves the links between climate change and health and highlights the
increased burden from climate-sensitive diseases, pointing out changes of typical
epidemiological patterns linked to risk groups, local environment (the new geography of
vector-borne diseases for example) and time variations. On the one hand, there is a clear
relation between climate change and the socio-economic and environmental
determinants of well-being and health (e.g., poverty, clean air, safe drinking water, food
supplies), as well as extreme events such as floods, heat waves and hurricanes,
associated with distress, as well as with loss of property (Leal Filho et al., 2016; Watts
et al., 2015).0n the other hand, it is very difficult to assess the extent and the nature of
climate change impacts on health.

Climate change affects all regions around the world differently and developing
countries in Africa are regarded as the most seriously affected (Amin and Leal Filho,
2011; Leal Filho, 2011). Globally, extreme events have been stimulating or forcing the
displacement of populations. The rising sea level that has led to the destruction of
cultivated fields and to the reduction of fish availability for large populations, for
example, has forced local populations to change their practices (Viegas et al., 2016) or
caused displacement as well as forced or voluntary migration (Carraro, 2015; Wilbanks
et al., 2007). No region in the world is immune to the consequences of climate change.
However, the individual characteristics and policy-making of an affected region may

influence the health risks and outcomes in both ways, positively and negatively.



1.2. Climate change and health relationships: demographic and socio-economic

vulnerabilities

Taking the social and demographic dynamics of populations into account, it is
possible to understand the variability of their exposure to the consequences of climate
change according to a population’s individual characteristics like age, gender, health
status, level of income,place of residence, or local policies and regulations (Watts et al.,
2015). Those factors, especially when unevenly distributed, are very important to
understand and explain populations’ different vulnerabilities, health risks and outcomes.
Ecological processes such as impacts on biodiversity loss (Castro et al., 2016), changes
in disease vector ecology (Nazareth et al., 2016), as well as changes in socio-economic
and demographic dynamics of populations, may modify or amplify these risks.

The consequences of climate change on human health depend on the duration,
frequency and intensity of exposure to situations and settings, as well as on the
vulnerability and susceptibility of exposed communities and populations. International
trends have shown that women, children, the elderly, the poor and marginalized groups
such as people with disabilities are, in this context, especially vulnerable (McMichael,
2003; Smith et al., 2014; Watts et al., 2015). Apart from the direct effects on human
physical health, increases in the local frequency of extreme weather events such as
floods, storms and heat waves — or in their severity — could increase the risk of diseases,
particularly the proliferation of transmissible diseases, stress and psychiatric disorders
(Leal Filho et al., 2016). For example, not only infectious disease epidemics like Ebola,
mosquito-borne diseases (e.g. Dengue or Malaria) and water-borne infections (e.g.
Cholera or Schistosomiasis) (Ali et al., 2016; Nazareth et al., 2016; Ojeh and Aworinde,
2016; Pereda and de Oliveira Alves, 2016), but also water scarcity and quality (Oliver
and Ribeiro, 2016) are major problems in the southern hemisphere. In addition, local
flooding events are responsible for habitat destruction and may favour the increase of
certain diseases. The temperature rise also enhances the transmission of infectious
diseases like Malaria and other diseases (Naidoo and Olaniran, 2013). Highlighting the
impact of regulatory systems, a lack of piped water supply and wastewater treatment
may furthermore lead to contaminated water consumption, which in turn contaminates

the food chain and limits hygiene, and is responsible for virus and bacteria proliferation



1.3. Interactions between climate, socio-economic trends and health

The World Health Organization (WHQO) emphasizes the need to provide evidence for
climate-related health impacts and to measure the interactions between climate change
and other trends, such as poverty, that affect public health (Hales et al., 2014). Other
authors furthermore emphasize the central role of community engagement (Figueiredo
and Perkins, 2013). As a well-known, but also decisive example of the complex body of
climate, socioeconomic trends, and health, the global food system makes a significant
contribution to climate change by affecting greenhouse gas emissions (Oliveira et al.,
2016) and altered transmission of infectious diseases and malnutrition from crop
failures (Patz et al., 2005). Malnutrition caused by food insecurity (Nehama et al., 2016)
in a framework of poverty and inequality (Aparicio-Effen et al., 2016; De Freitas et al.,
2016; Gallo et al., 2016; Setti et al., 2016) negatively affects food production among the
more vulnerable territories and populations in poor countries (Setti et al., 2016). Rising
temperatures lead to droughts and water shortages, affecting crops and reducing food
possibilities, further contributing to situations of malnutrition and a consequent increase
in infectious diseases (NRC, 2001).

In summary, climate change may affect our health in more far-reaching ways than
we may think (Leal Filho et al., 2016). Climate costs for society and economy put
increasing pressure to find cost-effective solutions, mitigations, and finance adaptations.
Populations adapt to the local prevailing climate via physiological, behavioural, socio-
cultural and technological responses. However, extreme events often stress populations
beyond those adaptation limits (McMichael et al., 2006). There is a pressing need to
identify adaptation strategies, try new mitigation measures and methods, and increase
resilience to climate change to reduce health risks (De Mendonca et al., 2016; Favaro et
al., 2016; Leal Filho et al., 2016). Also, a closer recognition of the links between social
and environmental factors has been urged — an “eco-social’ approach —as well as,
relatedly, a greater co-operation between social and natural sciences (McMichael et al.,
2015) in facing social inequalities in vulnerable countries that need to increase
resilience to extreme events (Aparicio-Effen et al., 2016; Nagy et al., 2016). In this
context, climate change impacts on health requires the articulation of transdisciplinary
research, in the sense used by Gaziulusoy et al. (2016), that is collaboration and

coordination between researchers from different disciplinary backgrounds, intersectoral



and interinstitutional, where universities can play a fundamental role (Leal Filho et al.,
2018).

2. Climatic change, climate variability and the spread of neglected vector-borne

diseases. The case of Brazil.

Influenced by the Amazon rainforest, the Brazilian Highlands and 7,491 kilometres
of coastline, Brazil encompasses a climate variability presenting both tropical and
temperate climate zones (Alvares et al., 2013; Central Intelligence Agency, 2017). With
one of the world’s largest economies and the Amazon as the planet’s biggest ecosystem,
Brazil indicates a high vulnerability to the impacts of climate change. During the past
decades, Brazil was confronted with an uprising trend in minimum and overall surface
temperature, especially targeting urbanized areas (Lucena et al., 2013), and was
challenged by one of the strongest EI Nifio Southern Oscillation events that occurred in
2015/2016 (Caminade et al., 2017). In the future, a further rise in warming trends and an
increase in the occurrence of weather extremes like floods or droughts are presumed
(WHO, 2015).

Due to Brazil’s various climate characteristics, insect vectors that are able to transmit
infectious diseases are wide-spread (Hunter, 2003). Viruses, rickettsiae, bacteria,
protozoa and parasites are vector-borne pathogens that can be passed to vertebral hosts
by blood-feeding anthropods such as ticks, flies, bugs or mosquitoes (Gubler et al.,
2001). In Brazil, mosquitoes, ticks, sandflies, bugs, and aquatic snails act as vectors
causing a variety of diseases like Yellow fever, Dengue, Chikungunya, Zika,
Leishmaniasis, Chagas disease or Schistosomiasis (WHO, 2016a). Especially mosquito-
borne diseases (MBD) have become a major public health concern in both rural and
urbanized areas (McMichael, 2003). Focusing on Brazil’s mosquito-borne anthropods
there is evidence that predominant climate conditions and weather extremes such as
droughts or floods caused by EI Nifio can influence the seasonal occurrence of
infectious diseases, likely accumulated by climate change effects (Caminade et al.,
2017; WHO, 2016b).

2.1. Vectors, climate stressors and mosquito-borne diseases

After South America experienced an extensive outbreak of a hitherto neglected

tropical arbovirus, the Zika virus (ZIKV), in 2015/2016, profound investigations have



been needed to better understand the interaction of vector, host and pathogen, as well as
crucial drivers that influence MBD epidemiology and distribution. While several
countries experienced major arbovirus outbreaks, preventive measures to stop the
spread of mosquito-transmitted diseases like Dengue, Zika, or Chikungunya are lacking.
The main vectors for ZIKV are mosquitoes of the genus Aedes, also compatible with
dengue (DENV) and Chikungunya virus (CHIKV) (Enfissi et al., 2016; Faye et al.,
2013). At present Aedes aegypti and Aedes albopictus are identified as the most suitable
species to transfer all three arboviruses to human beings (Abushouk et al., 2016;
Leparc-Goffart et al., 2014). Zika, Dengue and Chikungunya are mostly mild and self-
limited diseases causing akin flu-like symptoms such as malaise and painful discomforts
(a headache, arthralgia, myalgia), often accompanied by fever (DENV, CHIKV). For all
three arbovirus infections, a rash may be a specific symptom (Brasil et al., 2016; Staples
et al., 2009; Wilder-Smith et al., 2010). However, each disease implicates severe
complications emphasizing the burden of MBD: for Dengue, Haemorrhagic fever and
Dengue shock syndrome (Wilder-Smith et al., 2010); for Zika, Microcephaly,
congenital disorders and neurological complications like Guillain-Barré syndrome
(Krauer et al., 2017; Schuler-Faccini et al., 2016); for Chikungunya, severely
debilitating polyarthralgias and neuroinvasive complications (Staples et al., 2009). Yet
there is neither an approved antiviral nor a vaccine to treat or prevent those viral

infections and their complications.



2.2. Climatic and eco-environmental determinants of MBD epidemics

A better understanding of MBD ecological systems and their environment is crucial
to anticipate the emergence of vector-borne epidemics. Seasonal climate determinants
and weather extremes — typical of Brazilian climate diversity — can either promote or
inhibit the development of MBD by making the living environment more or less
suitable for vectors (Nazareth et al., 2016; Wu et al., 2016). Especially temperature,
rainfall and humidity, but also wind and daylight can be important drivers by having
direct and indirect impacts on mosquito species and the transmission of the carried
pathogen (Gubler et al., 2001). Profound knowledge of vector ecology and transmission
dynamics may enhance targeted vector control and outbreak response (Zahouli et al.,
2016). According to Amui et al., (2017) as well as Jabbour (2013), integrated literature
reviews provide valuable input as they present results of studies on emerging issues as
well as recommendations for future research and fields of action from multiple
perspectives.

Although there is general scientific consensus about changes in the epidemiology of
MBD linked to climate variations (e.g. Nazareth et al., 2016; Parham et al., 2015; and
Wu et al., 2016, ), a paucity in environmental investigations as well as analytical studies
on a local scale can be seen. According to Mills et al. (2010), climate change may
influence the characteristics of host and vector population in terms of their geographic
distribution, population density, the prevalence of infection, and viral load in hosts and
vectors. However, local climatic, environmental and ecological characteristics
influencing the vector-host-pathogen interaction in a certain setting require a better
understanding to improve MBD outbreak management and vector control. Combining
both the findings of past and current literature reviews (looking at the interaction of
climate dynamics, and vector as well as MBD development, 1994-2017), and findings
derived from case studies looking at MBD emergencies in Brazil (e.g. Caminade et al.,
2017; and Honodrio et al., 2009), this section summarizes key local climate-related
parameters that may affect the probability of vector-host contact and thus need to be
considered when it comes to outbreak management, preparedness and prevention of

future MBD epidemics.
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Fig. 1. Climate conditions and their impact on the vector (Aedes spp.) and pathogen
(arboviruses) present in Brazil. Source: Information drawn from the reviewed literature. 1:
Parham et al. (2015); 2: Wu et al. (2016); 3: Hondrio et al. (2009); 4: Confalonieri et al. (2007);
5: Hales et al. (1999); 6: Reeves et al. (1994); 7: Nazareth et al. (2016); 8: Paz and Semenza
(2016); 9: Gubler et al. (2001); and 10: Mills et al. (2010).

Based on the climate sensitivity of mosquitoes and arboviruses, changes in weather
patterns and local climate can reinforce the spread of MBD in different ways. An
increase in average temperature, especially minimum temperature, and prolonged
rainfall are critical parameters for the widespread distribution of MBD (Becker et al.,
2012) by accelerating vector and pathogen development and creating favourable living
conditions. In addition, a geographical shift in weather patterns can develop new vector
habitat, including a highly susceptible host population. From a climate perspective,
those changes apparently influenced the latest arbovirus emergencies in Brazil,
amplified by one of the strongest El Nifio event in recent years (Caminade et al., 2014;
Paz and Semenza, 2016; WHO, 2016b). On the other hand, weather extremes may
inhibit the activity of mosquitoes and the development of carried pathogens. Rainstorms
and floods can harm the vector, its eggs and larvae as well as its living habitat. Droughts



and hot periods can reduce mosquitoes’ activity and lifetime, forcing them to seek for
suitable territories. In contrast, a critical drop in minimum temperature <20 °C can
decelerate or suspend the development of both mosquito larvae and carried pathogens
(Hondrio et al., 2009), though the climate trend in Brazil predicts a mitigation of this
natural limiting factor.

In conclusion and emphasized by the work of Mufioz et al. (2016), an assessment of
climate variations hold the potential to guide MBD response measures. While an
adequate epidemiological and entomological surveillance may improve outbreak
detection at an early stage, predictive models using climatic and environmental
information at a finer geographical scale may help to develop and implement more
targeted public health measures to cope with the spread of MBD.

Nevertheless, the impact of climate remains complex, influencing both the
abundance of mosquitoes and the development of mosquito-borne pathogens in a
positive and negative way. In addition to climate, further determinants need to be
considered that can affect the ecosystem of MBD. Human activities, living
environment, health-oriented literacy and public health policies can shape the extent of
an outbreak (Becker et al., 2012). Additionally, international trade and travel may
proliferate the global spread of mosquitoes and their agents to any region where
favourable climate conditions and a susceptible population are present (Gubler et al.,
2001).

3. The way ahead: Policy responses

The most effective responses to climate change are likely to be the strengthening of
key functions such as environmental management, surveillance and response, and to
safeguard against changes in infectious disease patterns and other hazards (Institute of
Medicine, 2008). Because there is some element of unpredictability in climate
variations and infectious disease outbreaks, a prudent strategy is to set a high priority on
reducing people’s overall vulnerability to infectious disease through strong public
health measures such as vector control efforts, water treatment systems and vaccination
programmes (NRC, 2001).

Because mosquito-borne diseases, like Zika, are described as “a disease of the poor
and disenfranchised", particularly where "the penetration of Aedes aegypti is high” (The

Lancet Global Health, 2016), overall development and health policies focused on



poverty reduction and universal health coverage are key measures to cope with climate-
related health issues (Smith et al., 2014), including arbovirus infections (The Lancet
Global Health, 2016).While the potential of ZIKV to follow the global path of Dengue
and Chikungunya initially seemed underestimated (Musso et al., 2016), recent research
highlights the urgent need to learn from the latest Zika virus outbreak and avoid
irreversible and unacceptable costs to human health in the future, directly addressing the
responsibility of governments and the global health communities (Watts et al., 2017).

3.1. Climate-related health issues adaptation: Focus on arbovirus infections

A summary of measures and policies suggested by the IPCC to reduce the
adaptation deficit in climate-related public health issues (Smith et al., 2014) and of
those specific for mosquito-transmitted arbovirus infections is given in table 1. These
measures are presented in a decreasing order according to their estimated levels of

efficiency and applicability for Arbovirus Infections and particularly ZIKV.



Table 1.
Measures to cope with climate-related health issues (CrH) and arbovirus infections (Al) in Latin

America. The estimated level of expected efficiency and difficulty in the application (from low

to very high), and of the application time-frame (from short- to long-term) are presented.

Measures and Policies Level of Level of Application
efficiency  difficulty time-frame

1. Alleviate poverty (CrH)2 Very high  Very high  Long-term

2. Universal health coverage (CrH)*? High High Medium- to
long-term

3. Improve disease surveillance and monitoring  High High Medium-term

of environmental exposures (CrH)!?

4. Enhanced vector control (Al)*® High Moderate  Short- to
Medium-term

5. Develop targeted climate-health-specific High Moderate  Short- to

measures (Early Warning Systems, forecasting) Medium-term

(CrH)!

6. Extended seroprevalence studies (Al)® High High Short- to
Medium-term

7. Increase capacity for disaster preparedness Moderate  High Short- to

and response (CrH)? Medium-term

8. Implement measures in other sectors Moderate  High Medium-term

interrelated with public health (CrH)’

9. Avoiding mosquito bites with repellents and Moderate  High Short-term

adequate clothing during Al break-out periods

(A1)°

10. Develop vulnerability and climate-related Moderate  Moderate  Short- to

current Medium-term

and future risk mapping (CrH)*

11. Vaccination against DENV (There are Unclear Moderate  Short- to

concerns because cross-reactivity fever could Medium-term

accelerate and increase outbreaks of ZIKV)

(A1)347910.11

12. Delay pregnancy - Specific for ZIKV Moderate  High Short- to

Infections during break-out periods (Al/ZIKV)!2 Medium-term

Source: Author’s expert judgment based on the reviewed literature. 1: Smith et al. (2014); 2:
The Lancet Global Health (2016); 3: Ferguson et al. (2016); 4: Institute of Medicine (2008); 5:
IPCC (2014); 6: Goorhuis and Grobusch (2016); 7: NRC (2001); 8: WHO (2016c); 9:



Dejnirattisai et al. (2016); 10: The Lancet Infectious Diseases (2017); 11: Tang et al., (2016);
and 12: Schuck-Paim et al. (2016)

If implemented, these measured may provide some support to address some of the

most common problems associated with infections by arboviruses.

4. Conclusions

As this paper has demonstrated, the impacts of climate change on human health depend
on a variety of variables such as the duration, frequency and intensity of exposure, as well
as the vulnerability of exposed communities and populations. The data presented here
illustrates the connections between climate change and the spread of vector-borne
diseases in Brazil, which is exemplary of a reality seen in many developing countries. In
order to address the problem, a greater focus to climate change on policy making is
needed. So far, despite the vulnerability of the Brazilian population to climate change,
and the limited ability of the country’s health system to cope with the pressures climate
change pose to it, reliable policies in this central field are very limited in their scope..
Therefore, the strengthening of key areas such as environmental management and
surveillance on the one hand, and changes in the ways infectious diseases are handled —
on the other- are much needed.

As far as the stakeholders are concerned, there are some requirements which also
need to be met, if their vulnerability is to be reduced. These are

e the need to foster more awareness on the means via which vector-borne
diseases are transmitted, which may substantiate and add a greater degree of
reliability to prevention efforts;

e improvements in sanitation and infra-structured are required, so as to reduce
the suitability of conditions for vector proliferation;

e adeeper knowledge of the life cycles and habits of vectors such as mosquitos

IS necessary, so as to handle them more efficiently.

There is also a perceived need to design and employ predictive models to estimate and

properly handle the future burdens in the fragile health system in Brazil, posed



by infectious diseases caused by mosquitos, aquatic parasites and other vectors,

under projected climate change scenarios.
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