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PREFACE

While the impacts of climate change on global food production and food security
are well known, the effects of climate change on food safety are much less so.
Since, the relationship between climate change and food safety hazards is not always
easy to see, this publication, Climate change: Unpacking the burden on food safety,
attempts to provide some clarity. Changes in global food systems and the increased
globalization of the food supply means that populations worldwide are at risk of
exposure to various food safety hazards. This can affect public health, food security,
national economies and international trade. In this already complicated scenario,
the challenges posed by climate change have additional implications that need to be
understood and addressed. This publication is aimed at a broad audience and it is
hoped that everyone who reads this comes away with a realization of the complexity
of the issues at stake and an appreciation of the work that lay in front of us.
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EXECUTIVE SUMMARY

“Right now, we are facing a man-made disaster of global scale. Our greatest threat

in thousands of years. Climate change.”
Sir David Attenborough
at the UN Climate Change Conference COP24,
Katowice Poland.

Indeed, climate change is a complex challenge that poses a major threat to our
planet and life, as we know it. Over time, many scientific uncertainties about climate
change - its causes and global implications -have been addressed and the evidence
continues to mount. Today, we know that increasing temperatures, ocean warming
and acidification, severe droughts and wildfires, untimely heavy precipitation
and acid rain, melting glaciers and rising sea levels and amplification of extreme
weather events are causing unprecedented damage to our food systems. Even a
single environmental driver like rising temperatures can have varying degrees of
effect across multiple food safety hazards, simultaneously, around the world, with
subsequent impacts on public health and international trade. While the global impact
is difficult to quantify, an attempt to capture some of the effects of climate change
on select food safety hazards is made in this publication. The food safety hazards
considered are foodborne pathogens and parasites, harmful algal blooms, pesticides,
mycotoxins and heavy metals with emphasis on methylmercury.

A general introduction to the implications of climate change on the planetary
ecosystem and by extension on the global food systems and food safety is provided
in the first chapter. The second chapter is divided into sub-chapters with each one
dedicated to a distinct food safety hazard and provides a unique perspective of how
climate change affects it. When taken together, the sub-chapters provide a broad
spectrum of the multitude of food safety issues that are impacted by climate change
globally. Moreover, it is also important to acknowledge that the different food safety
hazards that occupy the same ‘physical space’ also interact with each other. These
relationships themselves are affected by climactic factors. An appreciation of the
complicated interlinkages within the food safety sphere is important in order to fully
understand the scope of the impact that climate change has on food systems and
ultimately on us through our diet. However, this goes beyond the scope of the current
publication, which examines the complex relationships that different environmental
factors associated with climate change have on various food safety hazards.

Changes in temperature, precipitation and other environmental factors are expected
to affect the geographic distribution and persistence of foodborne pathogens and
parasites. For instance, there is evidence to link increasing temperatures to higher
incidences of infections by several foodborne pathogens like Salmonella spp. and
Campylobacter spp. in different parts of the world. Climate change is increasing

Xili



the frequency and severity of extreme weather events like hurricanes, which result
in flooding leading to increased likelihood of outbreaks of waterborne diseases like
cholera. Prolonged droughts, on the other hand, can put stress on the availability
and usage of water in a given area, affecting businesses like food processing plants
where food safety may be compromised to compensate for the lack of sufficient
water. Additionally, various food- and waterborne pathogens are becoming resistant
to antimicrobials and recent evidence points to a potential association of rising
temperatures with increased rates of antimicrobial resistance.

Climate change is also affecting the quality of water globally by exacerbating
conditions that lead to algal blooms, which are worsening along coastlines and in
lakes. An overabundance of fertilizer application combined with more frequent
and intense precipitation are among the factors leading to increased eutrophication
in waterbodies and algal blooms. The frequency and duration of certain endemic
harmful algal blooms have increased globally. Moreover, there is evidence to show
that climate change is enabling various species that form harmful algal blooms
to expand to new areas, most of which are not prepared to meet the challenges
associated with their detection and surveillance, thereby putting public health at
risk. Algal blooms lead to ‘dead’ zones or hypoxic areas that cannot support marine
life, resulting in severe ramifications to the ecosystem in the area and massive
economic losses to coastal communities. Increasing incidences of algal blooms in
combination with climate change are expected to drive further expansion of these
‘dead’ zones in the oceans.

On land, rising soil temperatures are expected to facilitate the uptake of heavy
metals by plants for instance, arsenic in rice, a staple crop known to accumulate
heavy metals in the plant as well as the grain. Heavy precipitation events, especially
in mining areas, can release various heavy metals in to the surrounding areas,
compromising food and water quality. A combination of acid rain and fertilizer-
induced soil acidification are affecting the bioavailability and mobilization of
heavy metals. Accelerated permafrost thawing may release large, historically
trapped inventories of heavy metals like mercury into our fresh-water systems.
This mercury gets methylated in aquatic systems and the process is affected by a
number of different environmental factors that are influenced by climate change.
Bioaccumulation of methylmercury in the aquatic food chain is a major concern
under climate change conditions.

Climate change is altering the geographic distribution and life cycles of pests, which
in turn are expected to change pesticide application trends. This could complicate
issues related to pesticide usage like soil degradation, water quality deterioration
and biodiversity reduction. Elevated temperatures lead to volatilization of pesticides
reducing their efficacy. This phenomenon, combined with the increased growth of
pests, is likely to prompt greater pesticide use to maintain agricultural productivity.
The volatilization of persistent pesticides has led to the deposition of these chemicals
in remote areas like the Arctic where thawing permafrost is releasing them back into
the environment and, ultimately into our food chain.
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Mycotoxin contamination in staple crops is a major health concern and barrier
to international trade. Some of the important factors that influence mycotoxin
production — temperature, relative humidity and crop damage by pests - are
affected by climate change. As warmer temperatures make cooler temperate zones
conducive to agriculture, they could open up new habitats for pests and fungal
species. There are already reports of the emergence of mycotoxins in areas with
no history of prior contamination. A number of these regions lack the capacity for
outbreak management making it difficult to curtail damage to the local economies
and public health. Inadequate storage and transportation facilities under climate
change conditions are also bound to affect mycotoxin production and dissemination.

After delving into ways climate change is affecting our food systems, the third
chapter describes some aspects of the future of food and the related food safety
concerns. As our world and food systems adapt to climate change, food safety
authorities everywhere must be cognizant of the issues on the horizon to prepare for
upcoming challenges. Intelligence gathering and foresight are useful tools that can
be used to adopt a preventive perspective to food safety as opposed to a reactionary
and responsive approach. Alongside surveillance techniques, these tools will help
countries to avert hazards and keep food safe. The fourth and concluding chapter
emphasizes the importance of investing in capacity development in the food safety
arena, especially in the developing countries that are grappling with the burden of
climate change. With climate change shifting the food safety landscape, the need
for stronger and transparent collaborations among all the relevant actors in the
food chain is stressed and some potential benefits in adopting forward-looking
approaches in the food safety sphere are explored.
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CHAPTER1
INTRODUCTION

Climate change is the defining issue of our time. Not only is it an environmental
and ecological concern affecting all natural systems, but it also has important
implications for the global development agenda. Elevated temperatures, land and
water scarcity, precipitation variability and extreme weather conditions have adverse
impacts on agricultural production and destroy food systems. Population groups
who are already vulnerable to food insecurity and malnutrition risk sinking lower
into food and nutrition crisis under climate change. The aim of the United Nations
Conference on Environment and Development (the Earth Summit) held in 1992
in Rio de Janeiro, Brazil was to address these issues and facilitate coordinated
international efforts to deliver solutions for mitigating the effects of climate change.
The Earth Summit saw countries commit to pursuing economic development while
bearing in mind the risks of using finite environmental resources. One of the main
documents signed at the summit was the significant multilateral treaty of the United
Nations Framework Convention on Climate Change (UNFCCC), which urges
nations to reduce their greenhouse gas (GHG) emissions. The UNFCCC, which
came into force in 1994, has near-universal membership worldwide with member
nations coming together annually for the Conference of the Parties (COP). Some key
achievements of the UNFCCC and its various activities are presented in the 2018
document, UN Climate Change Annual Report (UNFCCC, 2018). The historic
Paris Agreement (COP21) of 2016 sets out the global framework for strengthening
international response to climate change. A core element of the implementation
of the Paris Agreement is the establishment of national climate action plans or
nationally determined contributions (NDCs), which are required of all parties. At
the 2019 United Nations (UN) Climate Action Summit, a number of countries
pledged more concrete and far-reaching actions in tune with their commitments
to the Paris Agreement, a boost to momentum spurred by recognition of the
urgency of climate change. Other results of the 2019 summit were a renewal of
financial commitments (through the Green Climate Fund, Box 1) and the initiation
of additional commitments in sectors such as clean energy (through the Climate
Investment Platform). The Koronivia Joint Work on Agriculture (KJWA) taken at
COP23in 2017 is a landmark decision that includes agriculture and food systems in
UNFCCC processes. FAO plays an important role in supporting member nations
in their implementation of the KIWA.



CLIMATE CHANGE:
UNPACKING THE BURDEN ON FOOD SAFETY

CLIMATE CHANGE — FINANCIAL REPERCUSSIONS AND COMMITMENTS

Climate change is increasing global economic inequality between high- and low or middle-
income countries. This is because developing countries not only experience more climate
change-related incidents but also lack the resources needed to cope with the aftermath of
crises (Diffenbaugh and Burke, 2019). The UN system has been at the forefront of helping
climate-vulnerable nations with numerous climate change adaptation and mitigation
projects. According to the UNFCCC, USD 681 hillion was spent on various climate change
adaptation and resilience building activities in 2016. The flagship UN Green Climate Fund
was established in 2010 following the 2009 United Nations Climate Change Conference
held in Copenhagen (the Copenhagen Summit) and has provided financial assistance to
countries facing grave consequences of climate change. A record USD 9.8 billion has
recently been pledged by developed nations to replenish the fund. Not only will timely
climate adaptation promote resilience in the natural resources base but it also has
economic benefits. In 2019, research by the Global Commission on Adaptation (to climate
change) found that global investments of USD 1.8 trillion over the decade of 2020-2030
in the five core areas of early warning systems, climate-resilient infrastructure, global
mangrove protection, more resilient water resources and improved dryland agricultural
crop production will lead to an estimated USD 7 trillion in net benefits resulting from timely
climate adaptation. When prioritizing climate-related projects, investors of climate finance
must adopt a holistic approach to funding and keep in mind the carbon-value of every dollar
spent. The prioritization of investments in climate-related projects must be aligned with
the needs of climate-vulnerable countries and low-income nations. It has been estimated
that the agriculture sector bears a fourth of the total economic impact of extreme events
related to climate change (FAO, 2015). Far greater investments in the agriculture, forestry
and land-management sectors are needed (Yeo, 2019).

In addition, although it is widely accepted that developing countries with very low
carbon footprints bear the brunt of climate change, Ricke and co-authors (2018) found
that the international distribution of the country-level social cost of carbon was uneven.
The countries that are the largest carbon emitters also stand to accrue high domestic
economic damage associated with the effects. This shows that both high and low carbon
emitters can gain from reductions in carbon emissions, albeit in different ways. Climate
change is a global issue that requires global responsibility and stronger commitment to
climate policies and projects is needed from all countries.

FAO is committed to achieving food security for all by making agriculture,
forestry and fisheries more productive, sustainable and resilient in the face of
climate change. While climate change has an impact on agriculture and food
security, agriculture sectors also contribute to climate change with almost a quarter
of total GHG emissions (IPCC, 2019). Cognizant of this unprecedented dual
challenge, FAO has been taking steps to work towards climate change adaptation
and mitigation (Box 2). Climate change also jeopardizes FAQO'’s vision of ending



CHAPTER 1: INTRODUCTION

hunger and eradicating poverty, which lies at the heart of the 2030 Agenda for
Sustainable Development and its goals. Some of these challenges are highlighted
in The State of Food Security and Nutrition in the World 2018: Building climate
resilience for food security and nutrition and The State of Food and Agriculture
2016: Climate change, agriculture and food security (FAO, 2018; 2016). However,
achieving food security is not possible without paying due attention to food
safety (Section I11), which is a complex issue that stretches from pre-production
through to the consumption of food. As the world faces a dynamic shift towards
sustainable agricultural production practices and changing food systems in the
face of climate change, consideration to food safety is imperative in ensuring
that sufficient nutritious and safe food is available throughout the food chain.
FAO was one of the first UN agencies to recognize that climate change will
have significant impacts on the food safety landscape and will pose substantial
challenges to sustainability and development. In 2008, FAO published a pioneering
document on this topic entitled Climate change: Implications for food safety,
which provided a broad overview of the associations between climate change-
induced environmental factors and specific food safety issues that include algal
blooms, methylmercury, mycotoxins and foodborne pathogens. The document
also emphasized the need for policy-makers and other relevant actors in the global
food system to prepare for emerging food safety risks caused by climate change,
and the importance of close collaboration and development of timely innovative
adaptive strategies.

FAO AND CLIMATE CHANGE

Climate change was adopted as a cross-cutting theme throughout the FAO Strategic
Framework in 2015. This means that each strategic programme (at the regional or country
level) includes climate change implications and adaptations. The first corporate FAO
Strategy on Climate Change (FAO, 2017) aims to support Member Nations in achieving their
commitments to addressing climate change under the Paris Agreement by translating FAO’s
core mandate into strategic choices and priorities for the global, regional, national and local
levels. Through participation in numerous global programmes, FAO plays a major role in
enabling the agriculture, forestry and fishery sectors to adopt progressive steps towards
more climate-friendly practices. Above all, FAO continues to serve as a knowledge provider
and strives to contribute evidence-based information on climate change adaptation and
mitigation in food and agriculture systems tailored to country contexts. The flagship
publication of 2016, The State of Food and Agriculture 2016: Climate change, agriculture
and food security (FAO, 2016), identified strategies, information and financing opportunities
that countries need in order to transform their food and agriculture sectors to make them
more prepared for the impacts of climate change.



CLIMATE CHANGE:
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SECTION I: OBJECTIVES AND SCOPE OF THE DOCUMENT

Scientific evidence supporting the causes (Figure 1) and impacts of climate change is
growing. While the effects of climate change on food security are well documented,
numerous gaps remain in the global understanding of how climate change can affect
various food safety hazards. The objective of this document is to address these gaps
by elucidating selected food safety hazards and attempting to quantify some of the
current and anticipated food safety issues that are associated with various climate
change drivers. The publication also aims to bolster attention to some of the food
safety risks described in Climate change: Implications for food safety (2008) as scientific
research has generated better understanding of the challenges over the years since its
publication. While science supporting the impacts of climate change on food safety
continues to evolve, the present document captures and presents information that is
deemed to provide the best available evidence of the main impacts on food safety issues.
This publication does not cover all of the possible food safety implications resulting
from climate change, but attempts to describe and quantify some of the major ones.

The intended audience is broad and includes all the relevant actors in the food safety
arena, from policy-makers to the general public. It is hoped that the document will
disseminate tangible information that ultimately — in the wake of climate change — can

FIGURE 1. SOME MAJOR MILESTONES IN CLIMATE CHANGE SCIENCE — WITH EMPHASIS ON THE DISCOVERY
OF THE CONTRIBUTION OF CO, TO GLOBAL WARMING. SOME KEY UN AGREEMENTS ARE ALSO SHOWN.

1896 1938 1960 1970s 1979 1990
[ | [ ] [ ] [ ] [ ] [ |
Swedish chemist British steam American Climate Carbon dioxide and First Intergovernmental
Svante Arrhenius and combustion scientist Charles scientists Climate: A Scientific Panel of Climate Change
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assist in the formulation and advancement of food system policies in multiple sectors
by fostering closer collaboration among policy-makers, risk assessors, risk managers
and researchers. The document also aims to highlight knowledge gaps in the current
understanding of how climate change affects the various facets of food safety and it is
hoped that this will encourage researchers to come forward and help build a complete
picture of this mammoth issue. Additionally, it is hoped that the document will serve
to educate the general public of their enormous responsibility as consumers and of
how climate change can fundamentally affect the quality of their lives and their future.

The publication is based on a thorough literature review compiled by searching for
information on both the expected and the existing impacts of climate change on food
safety. Data were collected from scientific articles, book chapters, media reports and
publications from various UN organizations, particularly FAO, the World Health
Organization (WHO) and the United Nations Environment Programme (UNEP).
The search for relevant scientific articles covered the electronic database sources
Google Scholar, Web of Science and PubMed and included only pertinent articles
written in English and published between January 2010 and February 2020. Articles
with earlier publication dates are used mainly to provide a historical perspective
on a specific issue. Experts from different disciplines were consulted during the

drafting process.
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CLIMATE CHANGE:
UNPACKING THE BURDEN ON FOOD SAFETY

SECTION I1: CLIMATE CHANGE — CURRENT STATUS AND FUTURE RISKS

The planet is warming at an unprecedented rate owing to human-induced activities
(Neukom et al., 2019a; 2019b). The consequences of failing to prevent warming
of more than 1.5 °C above pre-industrial conditions have been elucidated by the
Intergovernmental Panel on Climate Change (IPCC, 2018). Global atmospheric CO,
concentration was found to be about 400 parts per million (ppm) in 2017 —a level that
was last reached 3 million years ago — owing to anthropogenic causes, and it is estimated
that it will exceed 900 ppm by 2100 under a “business-as-usual” scenario (Brigham-
Grette et al., 2013; Le Quéré et al., 2016; Sosdian et al., 2018). These environmental
drivers of climate change are threatening the global food systems that cater for all
living beings on the planet. It has been estimated that a 2 °C rise in temperatures
will add 189 million more people to the 800 million already suffering from food
shortages. In fact, climate change is expected to have impacts on all four pillars of
food security — food availability, access to food, food utilization and stability of the
food supply (Schmidhuber and Tubiello, 2007; Vermeulen, Campbell and Ingram,
2012). While global agricultural production has to increase to meet the demands of
the growing population, various climate factors are predicted to cause a decrease in
global crop productivity over the coming decades, thereby increasing poverty and
driving food insecurity (FAO, 2016). Intensification of agriculture has heightened
reliance on the use of antimicrobials (Chapter 2.A), fertilizers (Chapter 2.B) and
pesticides (Chapter 2.E). Unless agrochemicals are used prudently, environmental
degradation will intensify, especially under climate change conditions. Moreover,
climate change is affecting the ability of ecosystems to recover. Research shows that
certain soil microbes may be losing their capacity to adapt to climate change conditions
(Bond-Lamberty et al., 2016; Cavicchioli et al., 2019). This and many other climate
change stressors that contribute to land degradation raise questions about what food
production systems will look like in the future (IPCC, 2019). In addition, the vital
ecosystem services that nature provides are declining globally and this loss will be
felt acutely in developing countries where populations live close to nature and have
no substitutes for what it provides. For instance, millions of people do not have
access to freshwater other than from water systems that are polluted, and this is likely
to lead to more waterborne diseases (Chapter 2.A) (Chaplin-Kramer et al., 2019).

Absorption of atmospheric CO, by the oceans is causing ocean acidification, which
has major ramifications for marine ecosystems, coastal communities and the millions
of people who depend on seafood for sustenance (Caldeira and Wickett, 2003; Sosdian
etal., 2018). Oceans that are warmer and acidic have lower capacity to absorb and store
oxygen. Hypoxia is made worse by the growing algal blooms issue (Chapter 2.B) that
have anthropogenic causes and are exacerbated by climate change conditions. It has
been estimated that globally, open oceans have lost 77 billion tonnes (2 percent) of their
dissolved oxygen inventory over the past 50 years, which has serious consequences for
the survival of marine life (Breitburg et al., 2018; Schmidtko, Stramma and Visbeck,
2017). Hypoxia and other climate factors will affect the current and future distribution
of marine species as they jostle for space in reducing habitats, as can be seen, for
example, in the migration of krill — a keystone prey species — towards the Antarctic
(Atkinson et al., 2019). Not only will such events cause an ecological catastrophe and
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the rearrangement of food chains but the resulting species adaptation and dispersal
are also bound to affect biodiversity maintenance (Park et al., 2019; Thompson and
Fronhofer, 2019). These conditions will have heavy effects on commercial fisheries,
which will need to adapt to climate fluctuations. A marine heat wave (the “Blob™),
which occurred from 2013 to 2015, resulted in a decrease of 70 percent in Pacific
cod numbers off southern Alaska, with severe effects on the local fishing industry,
which is worth USD 100 million annually (Cornwall, 2019). The disappearance of
other high-value fish such as the Atlantic cod from their current habitats has been
predicted (McHenry et al., 2019). Ocean acidification also affects the toxicity of aquatic
contaminants such as methylmercury (Chapter 2.D), which bioaccumulates in the food
chain. Rising sea temperatures are causing mass coral bleaching events and kelp forest
die-offs in global oceans, creating a risk of the collapse of marine food chains (Mooney,
2016). The large-scale bleaching events that have affected vast expanses of coral reefs
globally was identified as one of the nine potential “tipping points” of climate change
a decade ago (Lenton et al., 2019). Although the number of new coral formations is
very low in areas like the Australian reef system, there are preliminary reports of
recovery of certain coral species, such as Cladocora caespitosa in the Mediterranean
Sea (Hughes et al., 2019; Kersting and Linares, 2019). However, such acclimatization
processes cannot be taken for granted (Comeau et al., 2019). In addition, these events
also have food safety implications as bleaching and destruction (for instance, through
dredging) of coral reefs have been associated with increased outbreaks of ciguatera,
a potent algal toxin found in seafood (Dickey and Plakas, 2010) (Chapter 2.B).

Rising temperatures and CO, levels are thawing glaciers. Data from 19 000 glaciers
worldwide show that an estimated 9 000 billion tonnes of ice was lost between 1961
and 2016, and losses have accelerated over the last 30 years (Zemp et al., 2019). Melting
glaciers, warming oceans, increased unseasonal precipitation with lack of sufficient
snowfall are leading to rise in sea levels and increased risks of flooding (Davenport
et al., 2019; Veng and Andersen, 2020). These are expected to have impacts on
downstream agricultural fields and coastal communities, and in the future will have
serious effects on infrastructure such as water treatment plants (Chapter 2.A) and
nuclear reactors (Chapter 2.C), which will need to be made climate-ready (Hummel,
Berry and Stacey, 2018; Robel, Seroussi and Rog, 2019). Certain small island nations,
including Tuvalu and the Marshall Islands, are already sinking because of rising sea
levels and coastal erosion (Nurse et al., 2014). Indonesia is planning to move its sinking
capital city, Jakarta, to Borneo, at a cost of USD 33 billion (Paddock and Suhartoo,
2019). Recent models predict that at least 300 million people globally will be at risk
from rising sea levels by 2050 (Kulp and Strauss, 2019). According to new estimates,
GHG emissions from the past will continue to contribute to rises in sea levels long
after the carbon emission pledges of the Paris Climate Agreement have been met
(Nauels et al., 2019). Shrinking glacier cover and rising sea levels also increase the
risks of more volcanic eruptions, earthquakes and more devastating tsunamis, the
human cost of which cannot yet be calculated (Li et al., 2018; Masih, 2018; Swindles
et al., 2017). In addition, the melting of permafrost and sea-ice is releasing once-
buried chemicals including pesticides (Chapter 2.E), heavy metals such as mercury
(Chapter 2.D), dormant ancient strains of harmful bacteria and viruses (Chapter 2.A),
and microplastics (Chapter 3) into the environment. Large quantities of CO, and
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methane are also being released, which is adding to the climate change crisis (Gray,
2018; Luhn, 2019; Natali et al., 2019; Obbard et al., 2014; Smedley, 2019).

Climate change is expected to increase the frequency of extreme EI Nifio events and
to amplify extreme weather events by several orders of magnitude, as evidenced by
the record number of wildfires in the Arctic, the extreme heatwave in France, the
unprecedented two back-to-back cyclones (Kenneth and Idai) that hit Mozambique
and many others in 2019 alone (Wang et al., 2019). Attribution science now makes
it possible to account for the role of human-induced climate change in such extreme
events and weather agencies are showing an interest in providing such information
directly to the public (Schiermeier, 2018; Reed et al., 2020). Extreme events alter the
“carrying capacities” of ecosystems and push the coping abilities of communities to
the limit. Extreme weather and conflicts are increasingly displacing populations into
areas with reduced capacities to manage food safety risks. Globally, a record 7 million
people were internally displaced within the first six months of 2019 as a result of
extreme weather events (IDMC, 2019). Climate change-induced urban migration is
altering food production systems in many countries, whether they are land-locked
like Mongolia or close to the sea like Bangladesh. Harsh winters followed by lack of
adequate rainfall in the summer are leading to the drying up of Mongolia’s major water
systems, which is severely affecting the livelinoods of herders on the steppe and driving
thousands of people into the capital city of Ulaanbaatar (Denyer, 2018). On the other
hand, rising sea levels and worsening seasonal floods in Bangladesh are having a serious
impact on rice farmers, who are grappling with the issues of waterlogging and salt-
water intrusion, which affect the productivity of the agricultural lands on which they
depend for sustenance (Park, 2019). Migration of food producers into cities not only
puts future food security at risk but also places pressure on resources needed to provide
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for a growing urban population, and increases food safety risks such as foodborne and
waterborne diseases (Chapter 2.A). With the aim of putting future climate conditions
in cities into perspective, Bastin and co-authors (2019) studied the climate patterns of
520 major cities globally and projected what these cities will be like in 2050 based on
current city climate analogues. For instance, Madrid’s climate in 2050 will be closer
to the current climate in Marrakech, the city analogue of London is Barcelona and
climates in a number of tropical and sub-tropical cities will have shifted into conditions
for which there are no current climate analogues (Bastin et al., 2019). This brings into
sharp focus the unique challenges for which major cities must prepare to sustainably
manage food, water resources, health care and infrastructure, urban planning
and agriculture (Chapter 3), and adaptation for the future (Aragon et al., 2019).

Apart from potential direct consequences (Ahima, 2020), climate change can affect
human health by influencing the severity and frequency of diseases that are currently
present and by creating conditions under which unanticipated health concerns
arise in regions where they have not occurred before. The effects of climate change
on the availability, accessibility and stability of food supplies can cause major
modifications in people’s diet choices, which in turn have repercussions on the health
of households. According to scientific findings, climate change is expected to alter
global micronutrient availability heterogeneously, thereby having repercussions on
malnutrition (Nelson et al., 2018). Rising CO, levels are expected to lower the levels
of macronutrients (proteins), the micronutrients iron, zinc and vitamins B1, B2, B5
and B9 in staple foods and docosahexaenoic acid content of fish, pushing millions
of people into malnutrition in the coming decades (Colombo et al., 2019; Dunne,
2018; Ebi and Loladze, 2019; Smith and Myers, 2018; 2019). Future solutions to food
insecurity will need to involve a shift in focus from the requirements for adequate
calories from staple foods to the provision of a more diverse diet that emphasizes
micronutrients (Nelson et al., 2018). Food safety and nutrition are closely related.
In food-insecure areas, food is often consumed with little or no regard for its safety
and nutritional value. Malnutrition and reduced immunity increase susceptibility to
various foodborne pathogens and toxins, leading to a worsening of the burden of
foodborne diseases. While poor nutrition is associated with the increasing trend in
non-communicable diseases (NCDs), ongoing scientific efforts are investigating the
potential links between food safety hazards and NCDs (Velmurugan et al., 2017).

With one climate change-related incident (ranging from small-scale to devastating)
occurring every week, it is no longer a problem of the future but one that needs
to be addressed today (Solly, 2019). Embracing scientific innovations is one way of
mitigating the effects of climate change on food production systems. Investment in
water utilization and retention technologies, production of crops that are resistant
to stress conditions (floods, drought or infections such as bacterial blight) and
those that can tolerate the density required for higher productivity, increasing food
traceability aimed at preventing food loss due to contamination issues, prediction
of extreme events and the development of early warning systems, more research on
novel food production systems (Chapter 3) and many others are needed (Dhaliwal
and Williams, 2019; Fabregas et al., 2018; Lee et al., 2019; Nkurunziza et al.,
2019; Oliva et al., 2019; Reynoso et al., 2019; Wu et al., 2019; Zhou et al., 2019).
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Itis also immensely important to maintain the current momentum of climate change
awareness. Although there is scientific consensus on the causes of climate change,
more needs to be done to disseminate the “best available science” to everyone, ranging
from policy-makers to the wider public in order to promote civic engagement and
public participation in tackling the various challenges that come with climate change
(Petersen, Vincent and Westerling, 2019). Research on climate change and its impacts
should be communicated in ways that foster wide acceptance of the findings (Cook
et al., 2016; Howe et al., 2019). This publication aims to provide some perspectives
on how climate change will affect food safety in communities worldwide, with
the ultimate objectives of fostering greater public understanding of the issues and
facilitating far-reaching solutions through stronger collaborative efforts among all
relevant actors in food production systems. After all, food safety is everyone’s business.

SECTION I11: INTERLINKAGES BETWEEN FOOD SECURITY
AND FOOD SAFETY

At the World Food Summit of 1996, food security was defined as the condition when,
“all people, at all times have physical and economic access to sufficient, safe and
nutritious food that meets their dietary needs and food preferences for an active and
healthy life” (FAO, 1996). Safe food is therefore a key dimension of food security.
Although this publication focuses on the impact of climate change on food safety, it is
also useful to view the broader context of climate change impacts on food security and
to create an understanding of the interlinkages between food safety and food security,
which is captured in the FAO publication The future of food safety (FAO, 2019a).

Worldwide, 14 percent of food is lost during the production stage before it reaches
consumers. Part of this loss is attributed to food contamination issues (FAO, 2019b).
In addition, WHO estimates that foodborne illnesses affect 600 million people a year,
causing more than 420 000 deaths. Aflatoxins, major foodborne hazard, contaminate
staple crops and are associated with various health risks including stunting in
children and cancer (Chapter 2.F). In developing countries, children with high
exposure to aflatoxins were found to be more likely to suffer from micronutrient
(zinc and vitamin A) deficiencies (Watson et al., 2016). Climate change is expected
to cause decreases in the micronutrient content of various staple foods, with an
estimated additional 125.8 million DALYs globally over the period of 2015 — 2050
which will result in increased burden of infectious diseases, diarrhea and anaemia
(Ebi and Loladze, 2019; Smith and Myers, 2018; 2019; Weyant et al., 2018; Zhu et
al., 2018). Combining these nutritional deficiencies with the additional burden of
food safety hazards like aflatoxin contamination creates a dire situation (FAO and
WHO, 2016). Another example of climate change affecting food safety and food
security is illustrated by the effect that a combination of climate change and the
presence of arsenic in paddy fields has on rice. This combination is expected to lead
to a doubling of the toxic heavy metal content of rice and a 39 percent reduction
in overall production by 2100, threatening food security and food safety mainly in
developing countries (Muehe et al., 2019).
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World Food Safety Day (7th June) at FAO headquarters, 2019.

The cost of unsafe food goes beyond human suffering. Food safety has significant
impacts on trade and the economy as food is increasingly grown for the global
market. It is estimated that unsafe food costs low- and middle-income countries about
USD 95 billion in lost productivity each year. As global agricultural trade grows, unsafe
food presents an increasing health risk for people in importing countries, especially
countries such as the Small Island Developing States, which rely on food imports
for a majority of their food supplies. International food safety standards must be
met in order to maintain trade relations and prevent trade disruption due to food
contamination (microbial and/or chemical). To emphasize these important facets of
food safety, the UN organized two international high-level meetings in 2019 - the
First FAO/WHO/AU International Food Safety Conference and the International
Forum on Food Safety and Trade. While the former meeting focused on food safety
strategies and approaches that contribute to achieving the Sustainable Development
Goals (SDGSs) in support of the UN Decade of Action on Nutrition, the latter was
aimed at addressing the trade-related issues and challenges that are associated with
food safety. Building more resilient food production and supply systems in the face
of climate change was discussed at both meetings.

Efforts to deliver on the global imperative to eliminate hunger and food insecurity,
which has been reiterated in several UN resolutions and documents, must go hand-
in-hand with due consideration of food safety issues. It is vital that food safety
be incorporated into realization of the SDGs, especially SDG 2 (zero hunger),
SDG 3 (good health and well-being), SDG 6 (clean water and sanitation), SDG 12
(responsible consumption and production) and SDG 13 (climate action). Attainment
of the SDGs can lead to holistic and durable solutions only when care of the
environment is integrated into social and economic development.
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CHAPTER 2.A

FOODBORNE PATHOGENS
AND PARASITES

Although foodborne diseases are a major public health issue in both developed and
developing countries, the full extent of the chemical and biological contamination
of food remains unknown and the number of foodborne disease cases are grossly
underreported. In an effort to provide some quantification of the global foodborne
disease burden, the WHO-based Foodborne Disease Burden Epidemiology
Reference Group (FERG) published an estimate of the number of disease cases
caused by 31 known hazards (including bacteria, viruses, parasites, toxins and
chemicals). Among approximately 600 million cases of foodborne illness worldwide
in 2010 - resulting in an estimated 33 million disability-adjusted life years (DALYS)
— a majority (550 million) were due to diarrhoeal diseases caused by infectious
agents, mainly norovirus, Campylobacter spp., Vibrio cholerae, Shigella spp.,
enteropathogenic Escherichia coli and enterohaemorrhagic Escherichia coli. In
the African, Southeast Asian and eastern Mediterranean regions, the estimated
DALYs lost to foodborne diseases were much higher than the global average. The
31 foodborne hazards also resulted in an estimated 420 000 deaths in 2010 (WHO,
2015). Some high-income countries — Australia, Canada, France, Greece, New
Zealand, the Netherlands, the United States of America, the United Kingdom of
Great Britain and Northern Ireland — have published their national estimates of
foodborne diseases (Adak, Long and O’Brien, 2002; Gkogka et al., 2011; Hall et
al., 2005; Havelaar et al., 2012; Lake et al., 2010; Scallan et al., 2011; 2015; Thomas
et al., 2013; Vaillant et al., 2005). The emergence and re-emergence of foodborne
pathogens is also a growing concern for public health agencies, and the number of
pathogens known to be transmitted by food is expanding (Mor-Mur and Yuste,
2009), which complicates calculating the extent of foodborne diseases.

There is a tremendous economic cost associated with the burden of foodborne
diseases. In the United States of America, the economic burden of foodborne
diseases is approximately USD 14 billion per year and the majority of this cost
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is associated with foodborne pathogens such as Salmonella spp., Campylobacter
spp., Listeria monocytogenes, Toxoplasma gondii and norovirus (Batz, Hoffmann
and Morris, 2012; Scallan et al., 2011). In addition to public health costs, there are
other economic costs that an illness can impose on society, for instance the food
production sector also incurs costs as a result of food safety incidents. Food-related
businesses in the United States of America spend an estimated USD 7 billion per
year in response to food safety incidents related to their products. These costs are
associated with notification of consumers, removal of products from shelves and
payment of damages resulting from lawsuits (Hussain and Dawson, 2013).

SECTION I: CLIMATE CHANGE AND FOODBORNE PATHOGENS

Growing scientific evidence supports the theory that climate-induced environmental
changes will result in an increased net burden of food- and waterborne diseases
(Carlton et al., 2016; ECDC, 2012; Smith and Fazil, 2019). The level of impacts is
likely to vary widely by pathogen and geographic distribution as climate change-
induced temperature fluctuations and changes in precipitation patterns affect the
persistence of pathogens in the environment by altering their rates of transmission,
range and survivability (Tirado et al., 2010). Altered and extended summer seasons
affect the frequency of occurrences and the severity of seasonally variable foodborne
diseases. The relationship between increased monthly temperatures and foodborne
diarrhoeal episodes is well documented and has been reported in Australia, Israel and
the Pacific Islands (McMichael et al., 2003; Singh et al., 2001; Vasilev et al., 2004).
Climate change can also alter the seasonal patterns of outbreaks. For instance, it has
been predicted that there may be an emergence of a bimodal pattern of infection
incidences that peak early and late in the summer season, with a decrease in mid-
summer when temperatures are much higher than the pathogen’s thermal optimum
(Figure 2). It has been postulated that high temperatures related to climate change
may lead to heat stress in livestock, resulting in increased shedding of enteric
pathogens, which may overwhelm food control systems and enter the food supply
(Khaitsa et al., 2006; Pangloli et al., 2008). Shedding of Shiga toxin-producing
Escherichia coli due to heat-induced stress has been reported in cattle herds in
Michigan, United States of America (Venegas-Vargas et al., 2016).

Pathogens with low-infective doses (enteric viruses, parasitic protozoa, Shigella
spp., enterohaemorrhagic Escherichia coli, E.coli O157:H7) and those that have
high persistence in the environment (Salmonella spp.) are more likely to cause
large outbreaks aided by environmental changes resulting from climate change;
for example, rising temperatures encourage higher replication rates in Salmonella
(Akil, Ahmad and Reddy, 2014; FAO, 2008). An analysis of trends in foodborne
disease outbreaks in the Republic of Korea suggests that there is a strong positive
relationship between foodborne pathogen infections caused by Escherichia coli,
Vibrio parahaemolyticus, Campylobacter jejuni, Salmonella aureus and Bacillus
cereus and changes in air temperatures and precipitation (relative humidity) (Kim
et al., 2015; Park, Park and Bahk, 2018). An IPCC report from 2007 states that

14
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FIGURE 2. WHEN CLIMATE CHANGE-INDUCED TEMPERATURES ARE MUCH HIGHER THAN
THE PATHOGEN’S THERMAL OPTIMUM, THERE MIGHT BE A SHIFT IN THE NUMBER OF
INFECTION CYCLES PER SEASON

CLIMATE WARMING EXCEEDS UPPER THERMAL TOLERANCE OF PATHOGENS

Transmission index

Time of year (month)

m— NOrmMal == warmed

Source: Adapted from Altizier et al., 2013, Science 341: 514 — 519. With permission from AAAS.

increases in daily temperatures is very likely to result in increased numbers of
food poisoning cases, particularly in temperate regions (IPCC, 2007). Studies from
Germany (data collected over a period from 2001 to 2004) and the United States of
America (data from a period of 1992 to 2001) found that an increase in the ambient
temperature correlated with an increase in salmonellosis and campylobacteriosis
cases with a delay of approximately two to five weeks (Naumova et al., 2007; Yun
et al., 2016). Temperature also influences the contacts between food and pathogen-
carrying insects such as flies and cockroaches, with higher insect activity associated
with elevated temperatures (IPCC, 2007).

Changes in precipitation patterns are also likely to influence the incidence of
foodborne diseases. The intake of various foodborne pathogens — Salmonella spp.,
Escherichia coli and norovirus — through the roots of various plants have been
documented (Bernstein et al., 2007; Lopez-Velasco et al., 2012; Zheng et al., 2013).
This process of internalization poses a threat to human health if food is consumed
uncooked, as these pathogens cannot be removed by washing or disinfection
methods (Hirneisen, Sharma and Kniel, 2012). A study that examined the effects of
simulated water stress and excess water on the internalization of Salmonella in leafy
green fresh produce found that the rate of intake increased under both conditions
(Ge, Lee and Lee, 2012). Extreme rainfall events also increase the risks associated
with waterborne diseases, especially where water treatment and management
facilities are unable to handle the added water load. Compromised water quality
poses a challenge to food safety in the food processing industry, while natural
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disasters such as flooding compromise water quality in affected areas, increasing
the risk of human exposure to waterborne diseases such as cholera, especially in
areas where basic public infrastructure for hygiene and sanitation are lacking or
inadequate (IPCC, 2007).

While the link between climate change and the potential for changes in the seasonal
variation of certain infectious diseases has been established, it is also vital to assess
which pathogens are more climate-sensitive than others (Baker-Austin et al., 2012;
Fleury et al., 2006; Harvell et al., 2002; Kim et al., 2015; Kovats et al., 2004;
2005). This will facilitate the establishment of prioritized monitoring and control
systems. Mclntyre and co-authors (2017) found that more than half of the most
important pathogens (including food- and waterborne pathogens) that affect
human health in Europe are climate-sensitive. This implies that various climate-
related environmental factors including extreme weather events, high temperatures
(Box 3), rainfall, oscillations such as El Nifio (Heaney, Shaman and Alexander,
2019), and drought will alter the distribution, incidence frequency and severity
of these diseases. It was also noted that certain transmission routes of the vector-,
food-, water- and soil-borne pathogens being studied had positive associations
with multiple environmental factors and were therefore more likely to be affected
by climate change (Mclintyre et al., 2017).

MELTING OF PERMAFROST AND RELEASE OF ONCE-FROZEN PATHOGENS

Warming of temperatures is leading to the thawing of older permafrost layers in the Arctic
and Antarctic regions. As frozen soils melt, it is speculated that once-dormant ancient
strains of viruses and spore-forming bacteria might revive and conceivably cause outbreaks
in their immediate areas and beyond. However, the likelihood of such pathogens causing
a pandemic remains quite low, according to scientists. A heatwave in 2016 caused an
outbreak of anthrax in Yamal Peninsula in the Arctic Circle. Warm temperatures caused
an anthrax-infected reindeer carcass, which had been buried in the permafrost, to thaw.
More than 2 000 reindeer in the area became infected with anthrax, which led to a number
of human cases in the region for the first time in 75 years (Guarino, 2016). It is feared that
this will not be an isolated case. In 2014, scientists were able to revive an ancient giant
virus (Pithovirus sibericum) from a piece of Siberian permafrost that was more than 30 000
years old. However, this virus is harmless to humans (Legendre et al., 2014). A circumpolar
network of experts has been established to assess emerging health risks resulting from
climate change in the circumpolar north (Parkinson et al., 2014).
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SECTION I1: IMPLICATIONS OF CLIMATE CHANGE FOR SELECTED
FOODBORNE PATHOGENS AND PARASITES

SALMONELLA SPP.

There are a number of studies on the association between Salmonella infection and
temperature (D’Souza et al., 2004; ECDC, 2016; Naumova et al., 2007). An increase
of 1 °C in the weekly ambient temperatures in several European countries resulted
in a5 to 10 percent increase in salmonellosis cases (Kovats et al., 2004). A study
that focused on the association of salmonellosis with weather events in the United
States of America found that for every 1 unit increase in extreme temperature events
there was an increase of 4.1 percent in risks related to Salmonella infections; while
a 5.6 percent increase in the salmonellosis risk was associated with a 1 unit increase
in extreme precipitation events. The brunt of this increase is expected to be borne
by coastal communities (Jiang et al., 2015). It has been estimated that if no effective
climate change measures are put in place, increasing temperatures will lead to an
increase of approximately 50 percent in the morbidity burden (calculated as Years
Lost due to Disabilities or YLDs) of Salmonella infections by 2030 in Australia
(Zhang, Bi and Hiller, 2012).

CAMPYLOBACTER SPP.

In Israel, during the period 1999-2010, a 1 °C rise above a threshold temperature
of 27 °C led to increases of 16.1 percent in C. jejuni infections and 18.8 percent
in C. coli, in all age groups (Rosenberg et al., 2018). An increase of 4.5 °C in the
average temperature of Montreal, Canada is expected by 2055 and this is predicted
to lead to a 23 percent increase in campylobacteriosis incidences, corresponding to
more than 4 000 additional cases per year (Allard et al., 2011). Climate change is
resulting in longer survivability of insects due to milder winters and expanding the
geographic range of vectors such as flies that carry Campylobacter (Cousins et al.,
2019; Goulson et al., 2005). This is likely to lead to an increase in campylobacteriosis
(Ekdahl, Normann and Andersson, 2005).

ROTAVIRUS

The incidence of rotavirus is usually associated with cooler and drier temperatures
(Atchison et al., 2010). According to a meta-analysis published in 2008, every 1 °C
rise in temperature in the tropics was associated with a decrease of 4 to 10 percent
in rotavirus-related diarrhoeal disease cases (Levy, Hubbard and Eisenberg, 2009).
However, another study published in the same year found that for each 1 °C rise
in temperature above a threshold of 29 °C, a 40.2 percent increase in incidences of
diarrhoea due to rotavirus was observed in Dhaka, Bangladesh (Hashizume et al.,
2008). Although these are contrasting patterns, other factors such as population
density must be taken into account when considering the severity of outbreaks.
Research shows that for the transmission of rotavirus, a densely populated area is
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more sensitive to infection propagation than are areas that are sparsely inhabited
(Martinez et al., 2016). This makes densely populated cities in the tropics more
vulnerable to rotavirus infections than rural areas that are sparsely populated.

When applicable, vaccines play an important role in reducing health threats from
climate change, particularly in developing countries. However, although introduction
of the rotavirus vaccine has succeeded in lowering the severity of cases, it does not show
an impact on reducing the transmission rates of the pathogen, primarily because the
vaccine is not widely available in developing countries (Restrepo-Mendez et al., 2016).

VIBRIO SPP.

Vibrio spp. inhabit marine and coastal estuarine habitats and have been associated
with warmer temperatures (Colwell, 1996). Several researchers have documented a
relationship between cholera occurrence and EI Nifio Southern Oscillation (ENSO)
events, which have a major impact on extreme weather patterns in different parts of
the world (Anyamba et al., 2019; Pascual et al., 2000). Climate change is expected
to increase the frequency and severity of ENSO events and their impacts (Cai
et al., 2014). A study published in 2017 found that between 2000 and 2014, the
number of cholera cases during El Nifio events increased by 50 000 in East Africa
(Moore et al., 2017). An association between cholera outbreaks and the changes
in the environmental conditions caused by ENSO in Bangladesh has been shown
(Cash etal., 2014). An investigation into expansion of the geographical and seasonal
ranges of Vibrio parahaemolyticus into Peru also found that the emergence of the
disease was associated with the arrival of El Nifio conditions (Martinez-Urtaza et al.,
2010; Abanto et al., 2020). Warmer water temperatures are also associated with the
emergence of outbreaks of V. parahaemolyticus in Alaska, United States of America
(Martinez-Urtaza et al., 2010; McLaughlin et al., 2005).

V. cholerae has also been found to colonize soft turtles and marine fishes (Halpern
and Izhaki, 2017; Wang et al., 2017) and V. parahaemolyticus is a leading cause of
seafood-related bacterial infections globally (Abanto et al., 2020). Certain Vibrio
spp. also, produce tetrodotoxin, a potent neurotoxin, which can be found in shellfish
(Ledo et al., 2018). As climate change affects the habitats and distribution of marine
organisms, it may lead to more outbreaks by Vibrio spp. especially in countries
where seafood is consumed raw or half-cooked (Morley et al., 2018).

Some studies suggest that a pole-ward expansion of Vibrio spp. pathogens in mid-
to high-latitude regions is partly due to climate change (Baker-Austin et al., 2017;
2012). Additionally, in marine environments, widespread emerging pollutants such
as microplastics (Chapter 3) can contain waterborne pathogens including Vibrio
parahaemolyticus as part of their “plastisphere” (Kirstein et al., 2016; Zettler, Mincer
and Amaral-Zettler, 2013). With climate change altering ocean circulation patterns,
the effects of this on the distribution of microplastics in the marine environment,
and potentially on the spread of pathogenic bacteria, have yet to be investigated
(Welden and Lusher, 2017).
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A study published in 2016 showed that rapid growth of Vibrio cholerae (a 30- fold
increase against background levels) in the Caribbean and sub-tropical Atlantic
waters occurs in response to Sahara dust deposition events. This is attributed to
the nutrients that are associated with the dust, especially iron, a deficiency of which
can be a limiting factor for the growth of Vibrio spp. (Westrich et al., 2016). With
climate change projections suggesting an increase in the risk of drought conditions
and dust emissions, this might be another environmental driver to be taken into
account when considering Vibrio-associated infections (Dai, 2012; Middleton, 2019).
It has also been suggested that aeroplanktonic adult flies (chironomids) may act as
air-borne vectors for Vibrio cholerae and carry the bacteria between two bodies
of water (Broza et al., 2005). The authors of a study investigating three cholera
outbreaks in Africa and on the Indian sub-continent noted a link between dominant
wind direction and disease dissemination and postulated that this is because the wind
aids the spread of the aeroplanktonic flies (Paz and Broza, 2007).

Vibrio spp. and plankton growth

Certain zooplankton such as copepods serve as marine reservoirs for Vibrio cholerae
(Lutz etal., 2013; Vezzulli et al., 2010). These chitineous organisms are important grazers
of algal blooms (Chapter 2.B). An association between increases in the abundance of
V. cholerae O1 and of copepod populations in waterbodies was found in Bangladesh
based on research carried out between 1987 and 1990 (Colwvell, 1996). In addition,
a relationship between increasing Vibrio populations (including human pathogens)
and plankton growth with respect to a warming trend in sea surface temperature
was shown in a study that examined historic (1958-2011) data from the Continuous
Plankton Recorder (CPR), a biological monitoring programme. This phenomenon
was also shown to have an impact on Vibrio-associated disease incidences in the
region (Vezzulli et al., 2016). Based on CPR data, it has been determined that climate
change is likely to alter the distribution of the zooplankton populations in global
oceans, potentially changing the prevalence of Vibrio infections in the world (Brun et
al., 2019). In addition, ENSO-related increases in rainfall are expected to increase the
level of nutrients entering riverine and coastal ecosystems, triggering more plankton
growth, which could promote an increase in Vibrio populations (Harvell et al., 1999).

The association between the abundance of Vibrio spp. and coastal algal blooms
is well documented (Epstein, 1993; Greenfield et al., 2017; Turner et al., 2014).
V. cholera has been shown to proliferate alongside the dinoflagellate Lingulodinium
polyedra (“red tide™), which produces yessotoxins (Mourino-Perez, Worden and
Azam, 2003). Ciguatera poisoning cases preceded infections by V. cholerae in
China, Hong Kong SAR according to a study that examined occurrence data for
1989-2001 (Kwan, Cheung and Kam, 2003). Algal growth tends to increase the pH
in the surrounding waters owing to uptake of dissolved inorganic carbon during
photosynthesis (bloom-induced basification) (Flynn et al., 2015). It was shown as
early as the 1960s that a positive relationship exists between elevated water pH and
the onset of cholera outbreaks (Cockburn and Cassanos, 1960). In addition to Vibrio
cholerae, coastal algal blooms have also been associated with other gram-negative
bacteria such as Pseudomonas and Escherichia coli (Epstein, 1993).
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FOODBORNE PARASITES

Foodborne parasites can be transmitted by consuming raw or undercooked meat,
wild game, fish or contaminated fresh, leafy green vegetables. The global ranking
of foodborne parasites determined by the Joint FAO/WHO Expert Meetings
on Microbiological Risk Assessment (JEMRA) Secretariat is shown in Figure 3
(FAO and WHO, 2014). Climate change-associated environmental factors such as
warmer temperatures and altered rainfall patterns have an effect on the abundance
and migration of reservoir hosts and the survival and transmission rates of parasites
(Short, Caminade and Thomas, 2017). Many foodborne parasites have complicated
life cycles spanning multiple hosts, and there are dynamic relationships among
parasites, hosts and their environments, which are likely to decline or increase
according to the sensitivity to climate change of both hosts and parasites. Recent
research shows that climate change may result in the migration of parasites to new
hosts, destabilizing ecosystems (Carlson et al., 2017).

Positive associations between rising monthly temperatures and giardiasis
illnesses have been reported in New Zealand and the United States of America.
An association between increased rainfall and a rise in cryptosporidium cases has
also been noted in New Zealand (Britton et al., 2010; Jagai et al., 2009; Naumova et
al., 2007). A study conducted in Mexico found that temperature increase of 0.6 °C
was associated with an increase in the prevalence of toxoplasmosis cases in 21
states of the country between 2000 and 2006 (Caballero-Ortega et al., 2012). There
are studies that suggest that warming oceans are playing a role in transporting
parasites into new territories. For instance, Toxoplasma gondii has been found in
polar bears and Arctic fox in the Norwegian Arctic archipelago of Svalbard, and
beluga whales in western Canada (Igbal et al., 2018; Jensen et al., 2009). These are
cause for concern because the Inuit population depends on the Arctic animals for
sustenance. Foodborne Chagas disease caused by Trypanosoma cruzi is another
recent finding (Robertson et al., 2016). Between 2000 and 2010 approximately
70 percent of Chagas disease cases recorded in Brazilian Amazon regions were
foodborne (Alarcén, Noya and Robertson, 2015). The expansion of this tropical
disease into temperate areas as a result of changes in the distribution of Triatoma
vectors due to climate change-related environmental factors has been projected
(Nichols et al., 2018).

There is a predicted risk of increased infections caused by foodborne Fasciola
hepatica in most of the United Kingdom of Great Britain and Northern Ireland,
with a particularly high risk in Wales by 2050 due to climate change impacts on
temperature and rainfall (Fox et al., 2011). Risk modelling shows that climate
change-induced warming temperatures may affect the geographical distribution
of infections by the waterborne Schistosoma sp., with infection risk increasing by
approximately 20 percent in most of eastern Africa (Rwanda, Burundi, eastern
Zambia, most of Uganda, the United Republic of Tanzania and southwest Kenya)
over the next few decades (McCreesh, Nikulin and Booth, 2015). Conversely,
altered precipitation patterns may also give rise to hotter and drier climates in
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FIGURE 3. PARASITES SCORED ACCORDING TO CRITERIA RELATED TO THE QUANTITY AND SEVERITY
OF GLOBAL DISEASES, THE GLOBAL DISTRIBUTION OF THE ILLNESSES, DISRUPTION TO
TRADE AND THE LIKELIHOOD OF INCREASED HUMAN BURDEN
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(Trichinella spp.* includes Trichinella species except T. spiralis)

Source: FAO and WHO, 2014.

certain regions of Africa, which will decrease such infections by reducing the
abundance of the intermediate host, freshwater snails (Stensgaard et al., 2013).
Similar changes in environmental conditions are predicted to cause a reduction
in the habitats of snails that transmit Opisthorchis viverrini, a foodborne parasite,
in northeast Thailand, which is expected to decrease the prevalence rates of
infections from these parasites (Suwannatrai et al., 2017). Regarding the effect of
climate change on cestodes, there is some evidence to suggest that environmental
factors may increase transmission of the foodborne Echinococcus granulosus
and E. multilocularis. However, the extended time frame between infection and
diagnosis makes it difficult to attribute climactic drivers to infections in humans
(Utaaker and Robertson, 2015).

Although this section emphasizes disease-causing parasites, it is important to point
out that there are a number of beneficial parasites that are vital to food webs and
to the ecosystem in general. For instance, some parasites have beneficial roles in
controlling diseases and cycling nutrients in soil. Carlson and co-authors (2017) have
predicted that up to a third of all parasite species could disappear by 2070 as a result
of climate change-related habitat loss. This could have unprecedented consequences
for the global ecosystem (Carlson et al., 2017).
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SECTION I11: INDIRECT EFFECTS OF CLIMATE CHANGE
ON FOOD SAFETY

It is important to emphasize that prevention of microbial contamination is always
preferable to reliance on methods of eliminating contamination. Accountability for
food safety at all stages of the food chain is therefore vital. To that effect, it is also
important to consider how climate change can affect food safety indirectly.

Human behaviour: Prolonged warmer seasons influence consumers’ behaviour and
practices associated with food handling and storage, which can increase the risk of
human exposure to foodborne pathogens (Tirado et al., 2010). For instance, outdoor
cooking and picnics in summer can create challenges related to temperature-safe
food storage, cross-contamination between cooking vessels and the undercooking
of meat (United States Department of Health and Human Services, 2019). A study
published in 2018 examined data from more than 750 000 separate food facilities for
the period between 2012 and 2016 and compared the ways in which meteorological
conditions influenced the behaviour of regulatory workers in the United States
of America. Researchers found that environmental stressors are associated with
an increase in food safety violations and a decrease in food safety inspections
(Obradovich, Tingley and Rahwan, 2018). The authors were able to extrapolate
from these data and predict how future warming will affect food safety inspections
and violations. They speculate that food safety inspections may decrease as areas
experience higher temperatures. They also acknowledge that their data may have
limitations and that they have not considered all uncertainties in their proposed
models. For instance, in response to high temperatures food safety inspectors might
choose to carry out fewer inspections and to focus on facilities where there is a
higher risk of violations, rather than carrying out more inspections in facilities that
pose a lower risk (Obradovich, Tingley and Rahwan, 2018).

Water issues: Altered rainfall patterns and extended summer seasons are causing
water crisis issues worldwide (Hofste, Reig and Schiefer, 2019). Water scarcity
can have an impact on the transmission of foodborne pathogens such a Listeria
monocytogenes by compromising hygienic conditions in food processing plants,
for instance by affecting water usage patterns through hand hygiene of people who
handle food and by causing inadequate sanitization of the machines used for food
processing (Chersich et al., 2018).

Wiater stress conditions will also affect food production. In the absence of sufficient
water availability from municipal sources, farmers may resort to irrigating their
crops with surface water that harbours a number of foodborne pathogens (Steele
and Odumeru, 2004; Uyttendaele et al., 2015). As climate change affects freshwater
supplies, the recycling of sewage water into drinking water may become a norm
in water-stressed cities. This method of circular economy has been adopted in
Singapore and in several cities in the United States of America and Australia (Harris-
Lovett and Sedlak, 2019; Monks, 2015; Woo, 2016). Although advanced technology
is used to treat wastewater, strict quality monitoring for microbial and chemical
contamination risks must be maintained. An emerging pollutant in potable reused
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water is antibiotic-resistant genes, which are not currently regulated. This pollutant
arises from untreated medical waste, runoff from intensive agriculture and waste
from pharmaceutical manufacturing. Antibiotic-resistant genes can be difficult to
remove at wastewater treatment plants and can then be taken up by bacteria in the
environment, perpetuating the issue of antimicrobial resistance (Harb et al., 2019).

Rising sea levels and flooding caused by hurricanes threaten wastewater treatment
plants and increase the likelihood of water borne disease outbreaks. Hummel and
co-authors (2018) found that a sea level rise of 2 m under a worst-case scenario can
affect the functioning of 394 wastewater treatment plants that provide water for
31 million people in the United States of America. Additionally, the frequency of
tsunamis is expected to increase with sea level rise (Li et al., 2018) and it has been
postulated that tsunamis may have a role in the dispersal of ocean-living pathogenic
waterborne microbes, such as Cryptococcus gatti from the Pacific Northwest, on to
land (Engelthaler and Casadevall, 2019).

Food storage: A rise in ambient temperatures will also have an effect on all aspects
of the food cold chain, from initial chilling or freezing of food to transport, storage
and retail display. Increasing ambient temperatures coupled with elevated storage
temperatures will increase human exposure to food that is unsafe for consumption
(James and James, 2010). Changes to the cold chain system will therefore be
required as ambient temperatures rise. However, this often calls for increased energy
consumption by food refrigeration systems. It has been estimated that when the
ambient temperature increases from 17 °C to 25 °C there is a corresponding increase
of about 11 percent in the average power consumed by food refrigeration systems
in a small catering establishment (James and James, 2010). Generation of this energy
contributes to increased production of CO,. The total energy expended to keep
an “unbroken” chain “from farm to fork’ was found to be 19 292 Gigawatt hours
per year (or 18 million tonnes of carbon) in Australia (Estrada-Flores and Platt,
2007). A properly functioning cold storage system also contributes to food security
through reduced food losses. However, revamping of existing cold storage systems
and installation of new ones, especially under climate change conditions, bring
increased economic burdens, which can be a challenge for developing countries.
In addition, extreme weather events that lead to power cuts increase the risk of food
spoilage and contamination issues in storage facilities in supermarkets and homes.
Marx and co-authors (2006) found an increase in diarrhoeal diseases following a
power outage in the United States of America, which could be attributed to the
consumption of spoiled foods. Additionally, thawing permafrost is also starting to
cause the traditional ice cellars of Arctic communities to fail, which could lead to a
rise in foodborne illnesses from food spoilage during storage (YYoder, 2018).
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SECTION IV: ANTIMICROBIAL RESISTANCE

[V.I: ANTIMICROBIAL RESISTANCE AND FOODBORNE PATHOGENS

Antimicrobial resistance (AMR) has been recognized as an issue of global
significance. Resistance is a naturally occurring phenomenon that evolved long
before naturally occurring antibiotics were used in human medicine (D’Costa et al.,
2011). However, misuse and overuse of antimicrobials in humans and the widespread
use of medically important antimicrobials in terrestrial livestock production,
aquaculture and crop production have led to the emergence of pathogens resistant
to antimicrobials (Box 4) owing to natural selection (Cabello et al., 2016; Kirchhelle,
2018; Thanner, Drissner and Walsh, 2016). About 73 percent of global antimicrobial
use is in meat production, and antimicrobial resistance in food-producing animals
is rising. Research shows that antibiotics used for disease treatment failed in more
than half the times in 40 percent of chickens and a third of pigs raised for human
consumption in LMIC (Van Boeckel et al., 2019). There are serious public health
ramifications associated with AMR, with an estimated 700 000 people dying each
year of drug-resistant diseases (including non-foodborne diseases) (IACG, 2019).
Global consumption of antimicrobials in livestock production was estimated at
63 151 tonnes in 2010, with a rise of 67 percent — corresponding to 105 596 tonnes
— predicted by 2030 (Van Boeckel et al., 2015). Although direct causality is difficult
to establish, a study conducted in seven European countries showed a strong
association between the administration of eight classes of antimicrobials to livestock
and the prevalence of AMR to these agents in commensal Escherichia coli in pigs,
cattle and poultry (Chantziaras et al., 2014). A strong correlation was also found
between the prevalence of antibiotic-resistant E. coli isolates from humans and those
isolated from poultry, pigs and cattle using surveillance data from 11 countries
(Vieiraet al., 2011).

It is difficult to quantify the full potential costs incurred by AMR as it crosses
sectoral boundaries and has layers of complications (Smith and Coast, 2013). The
cost of treating patients suffering from antibiotic-resistant infections in 2014 was
estimated to be USD 2.2 billion in the United States of America (Thorpe, Joski and
Johnston, 2018). Another study looked at the effects of AMR on global working-
age populations and estimated that the cumulative loss in global gross domestic
product (GDP) due to the resulting disruption in the supply of effective labour will
be between USD 2.1 trillion and USD 124.5 trillion by 2050, under conditions in
which no progress is made in addressing AMR (Taylor et al., 2014).

Food can be contaminated with resistant pathogens in many ways (Box 5). Food-
and waterborne pathogens are increasingly showing resistance to clinically important
antibiotics, including Vibrio cholerae, Campylobacter spp., Listeria monocytogenes,
Salmonella spp., Escherichia coli, Arcobacter sp. (Dengo-Baloi et al., 2017; EImali
and Can, 2017; Henderson, Herrera and Trent, 2017; Olaimat et al., 2018; Poirel
et al., 2018; Wang et al., 2019; 2014). Some Salmonella sp., such as S. typhimurium
ST313, cause infections of the blood that can often be fatal, especially in regions
where access to health care is limited. The extensively drug-resistant strain of

24







































FIGURE 4.  ESTIMATED NUMBER OF ALGAL BLOOMS IN THE UNITED STATES OF AMERICA SINCE
2010, BASED ON DATA COMPILED BY THE ENVIRONMENTAL WORKING GROUP
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RISING TEMPERATURES IN GLOBAL WATER-BODIES

The upper sea surface is expected to experience most variation as the climate
continues to warm. It is estimated that while the average global warming of the
upper oceans (depth of about 75m) was 0.11 °C per decade from 1971 to 2010, in the
lower layers (700 m depth) it was about 0.015 °C (Rhein et al., 2013). Phytoplankton,
including those that form HABs, will be among the first organisms to respond to
changing conditions in the upper oceans (Irwin et al., 2015). Temperature affects the
rate of photosynthesis, motility and nutrient acquisition capability of phytoplankton
(Wells et al., 2015). The geographic range of warm water species is expected to
increase, while cold water species are most likely to be pushed further towards the
poles (Hallegraeff, 2010). This pole-wards shift of algal species, combined with
decreasing sea ice cover in the Arctic and opening of new shipping lanes make these
ecosystems vulnerable to species introduction, which can lead to increased frequency
and duration of blooms by endemic algal species already present in the area. Coastal
communities that still practice traditional fishing and hunting in the affected waters
will feel the increase in exposure risk most acutely (Anderson, Richlen and Lefebvre,
2018). Ardyna and co-authors (2014) found that higher latitudes are starting to
have two blooms a year instead of the single phytoplankton bloom in the spring
which was the norm until a decade ago. Two phytoplanktonic blooms —a main one
in spring and another in late summer or early autumn — are more common in seas
at temperate latitudes. However, with rising temperatures in the Arctic causing a
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FIGURE5  RELATIONSHIP BETWEEN HARMFUL ALGAL BLOOMS (MEAN NUMBERS) AND FERTILIZER
USAGE (MILLION TONNES PER YEAR) REPORTED ALONG THE EASTERN COAST OF CHINA.
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Climate change is also expected to exacerbate drought conditions in a number of
regions worldwide (IPCC, 2014). Drought conditions and increasing demand for
freshwater will have significant implications for the salinity of freshwater sources
(Jeppesen et al., 2015). During a severe drought in 2014, Microcystis caused a
massive bloom in the San Francisco estuary, United States of America. The ability
of cyanobacteria to tolerate high salinity and warmer temperatures helped them to
out-compete other planktonic species in the area (Lehman et al., 2017).

Other eutrophication sources

Agquaculture: While aquaculture contributes significantly to global food production
and is expected to grow, it is also a source of nutrients that can lead to HABs mainly
in poorly flushed areas. The fish consume a fraction of the feed used in aquaculture,
while the remainder decomposes into nutrients, which when released can promote
algal growth (Anderson, 2012). According to a recent estimate, nutrients from all
forms of aquaculture operations is expected to increase sixfold by 2050 (Bouwman
et al., 2013).

Wildfires: The number of wildfires is increasing and is expected to increase further
as a result of environmental factors related to climate change (Huang, Wu and
Kaplan, 2015; Vachula, Russell and Huang, 2019). There will be a corresponding
increase in firefighting efforts to control and suppress fires, which will include the
use of fire retardants (long- and short-term), firefighting foams and wetting agents.
Most retardants are a mixture of water, salts such as ammonium sulphates and
diammonium phosphates — both of which are used in fertilizers — and other additives
for thickening and preventing spoilage, with dye to impart colour (Kalabokidis,
2000). It has been speculated that these chemicals could reach freshwater sources or
be washed out into coastal areas, where they could lead to algal blooms.
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SECTION I1: DEAD ZONES — A CONSEQUENCE OF ALGAL BLOOMS

When algae (toxic or non-toxic) from blooms die and fall to the bottom of the ocean,
microbial degradation of the algal biomass results in dissolved oxygen consumption
in the area to reach levels at which the water can no longer support life. An increasing
trend in nutrient loading in coastal zones has contributed to a considerable expansion
of hypoxic areas in global oceans (Diaz and Rosenberg, 2008). It has been estimated
that the open oceans have lost 2 percent, or 77 billion tonnes of their dissolved
oxygen inventory over the past 50 years, which has serious ramifications for marine
life (Breitburg et al., 2018; Schmidtko, Stramma and Visbeck, 2017). Sea surface
warming further reduces oxygen availability in aquatic ecosystems. In 2008, about
400 oxygen-minimum (where oxygen levels are less than 2 parts per million) or
“dead” zones were reported globally (Figure 6), up from 49 in the 1960s (Diaz and
Rosenberg, 2008). Most of these zones are in waters that are major fishing areas — the
Baltic Sea, the Black Sea, the Gulf of Mexico and the East China Sea.

Run-off from farms, combined with extreme drought conditions and diversion of
water for irrigation upstream, led to massive algal blooms in the Murray-Darling
Basin in Australia. The resulting hypoxic waters led to death of between 100 000
to a 1 million fish in early 2019 (Normile, 2019). An estimated ASD 10 million is

FIGURE6  GLOBAL DISTRIBUTION OF EUTROPHIC, HYPOXIC AND RECOVERING AREAS IN 2013.

EUTROPHICATION AND HYPOXIA STATUS @ Eutrophic @ Hypoxic @ Areas in Recovery

Source: Adapted from Eutrophication & Hypoxia Map Data Set Accessed through Resource Watch. Map conforms to United Nations World map 4170 R18.1, Feb 20
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FIGURE7  GLOBAL MERCURY CYCLING
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Research shows that methylation of mercury in the oceans (Box 9), which influences
human exposure to methylmercury via the aquatic food chain, is proportional to the
amount of mercury deposited into the aquatic ecosystem from various sources, (Harris et
al., 2007; Mason et al., 2012). The concentration of mercury present in the ocean surfaces
has increased by a factor of three or more compared with pre-anthropogenic conditions.
This accounts for an estimated 290 + 80 million moles (5.8 £+ 1.6 million kg) of mercury
of anthropogenic origin in oceans worldwide, with the highest concentrations in the
Arctic and North Atlantic oceans (Lamborg et al., 2014). Over recent years, numerous
publications have highlighted the concentration of MeHg in various waterbodies
including the Pacific, Arctic and Atlantic oceans, the Mediterranean Sea and the Antarctic
Ocean (Bowman et al., 2015; 2016; Cossa, Averty and Pirrone, 2009; Gionfriddo
et al., 2016; Heimburger et al., 2010; 2015; Kim et al., 2017; Munson et al., 2015).

The bioaccumulation of MeHg in the aquatic food chain is a major concern,
as ocean and freshwater fish are generally the largest source of foodborne
mercury exposure in humans and 80-100 percent of total mercury content in fish
corresponds to MeHg (EFSA, 2012). The concentration of MeHg in fish depends
on the fish’s diet, age and ranking in the food chain (FAO and WHO, 2010; Lepak
et al., 2019). While the average concentration of MeHg in fish is about <0.4 ug/g,
apex predatory fish tend to contain methylmercury concentrations that are far
higher than the surrounding seawater, sometimes by more than a million times
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CHAPTER 2.D: METHYLMERCURY

FIGURE8  DISTRIBUTION OF GLOBAL MERCURY EMISSIONS FROM ANTHROPOGENIC SOURCES INTO
THE ATMOSPHERE IN 2015 BROKEN DOWN BY REGION
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Source: Adapted from UN Environment Programme, 2019.
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FIGURE9  PROPORTIONS OF ATMOSPHERIC MERCURY EMISSIONS FROM VARIOUS SECTORS
GLOBALLY IN 2015
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CLIMATE CHANGE:
UNPACKING THE BURDEN ON FOOD SAFETY

FIGURE 10 FACTORS AFFECTING THE OCCURRENCE OF MYCOTOXIN CONTAMINATION IN THE FOOD SYSTEM
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Burden Epidemiology Reference Group of WHO (IARC, 2012a; WHO, 2015).
Co-exposure to aflatoxins and hepatitis B virus infection causes between 5 and
28 percent of global hepatocellular carcinoma cases per year. Most cases appear in
areas (Figure 11) where there is poor regulatory control of the aflatoxin content
in food (Liu and Wu, 2010). In developing countries, children suffering from high
exposure to aflatoxins can also suffer from micronutrient deficiencies (Watson
et al., 2016). Other mycotoxins exert toxic effects on the kidneys, reproductive
system, immune system and the gastrointestinal system (IARC, 2012b; Alshannaq
and Yu, 2017). Exposure to fumonisins and aflatoxins or a combination of both has
been linked to stunting in children in low- and middle-income countries (LMICs)
(Chen et al., 2018; Chen, Riley and Wu, 2018b; FAO and WHO, 2016; IARC,
2015; Watson et al., 2018). The Joint FAO/WHO Expert Committee on Food
Additives (JECFA) is responsible for evaluating the various health risks from these
toxins. Codex standards, internationally accepted as the reference for global food
supplies and trade, are set according to JECFA assessments. Based on the latest FAO
survey, carried out in 2003, about 100 countries have established maximum limits for
mycotoxin levels in human food and Codex maximum level (ML) values®? exist for

12 The General Standard for Contaminants and Toxins in Food and Feed (CODEX STAN 193-1995) can
be viewed at http://www.fao.org/fileadmin/user_upload/livestockgov/documents/1_CXS_193e.pdf.


http://www.fao.org/fileadmin/user_upload/livestockgov/documents/1_CXS_193e.pdf

a few mycotoxins in selected food items (FAO, 2004). While several countries have
regulations for the major mycotoxins, a lack of sufficient data on the occurrence
and toxicity of lesser-known mycotoxins makes it difficult to design regulations
for them, for instance for the various modified and emerging mycotoxins (Box 12).

FIGURE 11  GLOBAL DISTRIBUTION OF LIVER CANCER CASES THAT CAN BE ATTRIBUTED TO AFLATOXINS
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Source: Adapted from Liu and Wu, 2010, Environmental Health Perspectives 118:818 - 824.

MODIFIED AND EMERGING MYCOTOXINS

While “parent” mycotoxins exist in a free state in food and feed, they can also be modified to
create compounds that have different chemical structures, physico-chemical properties and
biochemical mechanisms of action from those of the parent. Such modifications can occur in
the host plants, through fungi other than the mycotoxin-producing species concerned, during
food processing or through metabolic processes in humans and animals (Freire and Sant’Ana,
2018; Humpf, Rychlik and Cramer, 2019; Rychlik et al., 2014). Derivatives of mycotoxins such
as deoxynivalenol and zaeralenone can be deconjugated to their parent compound during
digestion, thereby contributing to overall exposure to mycotoxins (Berthiller et al., 2013;
Dall’Erta et al., 2013; Gratz et al., 2018; Gratz, Duncan and Richardson, 2013; Vidal et al., 2018).
Certain mycotoxins are classified as “emerging” by some European researchers. These
mycotoxins include fusaproliferin and moniliformin, which have been reported in Serbian
maize (Jajic et al., 2019), and enniatins and beauvericin (Jestoi, 2008). Both modified and
emerging mycotoxins co-occur with “traditional”” ones (Kovalsky et al., 2016). Research on the
occurrence, co-occurrence, mechanisms of transformation and bioavailability, and toxicity of
modified and emerging mycotoxins is needed. The chemical diversity of mycotoxins and the
lack of suitable certified reference materials make risk analyses and the setting of standards
difficult. The effects of climate change on the production and distribution of modified and
emerging mycotoxins, and the subsequent impacts on human health, remain to be investigated.
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FIGURE 12 MAPPING OF AFLATOXIN CONTAMINATION RISKS IN MAIZE UNDER THREE CLIMATE SCENARIOS (CURRENT, +2 °C
AND +5 °C) IN EUROPE.

Aflatoxin risk index (AFI)

Source: Reprinted from Battilani et al., 2016, Scientific Reports 6:24328. This work is licensed under the Creative Commons BY 4.0 License. Map conforms to United Nations World map 4170 R18.1, Feb 20

increases in temperatures may lead to a shift in the types of mycotoxin produced by
any given fungal species, from those that are currently dominant to other related
compounds. Four decades ago, zearalenone was common in maize produced in
the United States of America and Canada, but since temperatures have increased,
deoxynivalenol has emerged as the dominant toxin in crops that are damaged by
F. graminearum (Miller, 2016a). A serious emerging threat arises from the recent
discovery of the sexual states of the aflatoxigenic species, which until recently were
only known to reproduce asexually (Carbone et al., 2007; Moore et al., 2009).
As temperatures rise across the temperate agricultural belt, these regions may
become more prone to aflatoxin contamination. Sexual recombination often arises
from environmental conditions that produce stress in fungal species. As climate
change continues to alter environmental stressors, it may increase the likelihood
of recombination events in Aspergillus spp., thereby greatly increasing the need to
monitor these strains and document any impacts on pathogenicity or reproductive
capabilities due to climate change (Moore, 2014).

PEST DAMAGE

Climate change is expanding the geographic range of crop pests (Bebber, 2015) (see
also the section on “Alterations in pest (insect) distribution and populations” in
Section | of Chapter 2.E). Insects can carry fungal spores, which are introduced into
the interior of plants when the insects feed. Plants that are stressed by pest damage
are more predisposed to fungal infections. Insect damage by Sesamia nonagrioides
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CHAPTER 3: EMERGING ISSUES AND INTELLIGENCE GATHERING _

Insects (Box 14) are rapidly emerging as an alternative source of food and feed
(Smetana et al., 2016). While insect consumption, or entomophagy, has been practised
in various countries for generations, the establishment of a global market for
farmed edible insects is relatively recent but steadily growing. Sufficient nutritional
content, high feed conversion efficiency, rapid growth, environmental sustainability
(Figure 13) and the use of food waste as substrate for insects are some of the major
advantages of farming of edible insects (FAO, 2013). However, this “mini livestock”
raises food safety issues that require attention, including microbial (bacterial, viral
and fungal) hazards, chemical hazards (pesticides, antibiotics and heavy metals),
the inherent toxic compounds that insects produce, potential allergenicity, a lack of
sufficient cross-border regulatory oversight among others (EFSA, 2015).

DECLINE OF INSECT POPULATIONS THREATEN ECOSYSTEM COLLAPSE

Insects are immensely important in maintaining terrestrial ecosystems. Global warming,
declining forest cover and the overuse of pesticides have been attributed to a dramatic
decline in beneficial insect populations in countries that include Germany, Puerto Rico and
the Netherlands, sparking fears of ecosystem collapse (Cardoso et al., 2020; Hallmann et
al., 2017; Lister and Garcia, 2018; van Strien et al., 2019). Additionally, intense droughts and
wildfires associated with El Nifio events are also having an impact on insect populations
in areas with high biodiversity like the Amazon Rainforest (Franca et al., 2020).

FIGURE 13 QUANTITIES OF WATER, LAND AND FEED NEEDED TO PRODUCE 1 kg OF THE LIVE
ANIMAL. ALSO SHOWN IS THE PERCENTAGE OF EACH ANIMAL THAT IS EDIBLE.
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Source: Adapted from Doberman, Swift and Field, 2017, Nutrition Bulletin 42:293 - 308. This work is licensed under the Creative Commons BY 4.0 License.
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