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FOREWORD

I was 24 years old, a graduate student at Oxford University, 
when I first heard of factory farming. In 1970, few people were 
talking about what was happening to farmed animals. I 
read Ruth Harrison’s trailblazing book, Animal Machines. That 
shattered my fond illusion that the animals I was eating could 
at least enjoy their lives out in the fields. Instead, I learned, 
they were crowded into sheds, with barely enough room to 
move. Harrison showed that in modern industrial agriculture, 
“cruelty is acknowledged only when profitability ceases” 
– and profitability is compatible with very severe cruelty. I 
couldn’t support treating animals in this way when I didn’t 
need to eat them, so I became a vegetarian.

In the 1980s, I learned that there is another powerful reason for not eating meat. Meat is 
a major contributor to global warming. If the world doesn’t start consuming less meat 
and dairy soon, then, even if we stop burning coal and reduce our use of oil and gas, we 
will be unable to avoid warming the planet to an extent that has potentially catastrophic 
consequences for billions of people.

In the early 2000s, when we discovered that people working with chickens were spreading 
a lethal strain of avian influenza, it became clear that there is a third urgent reason for 
eliminating meat from our diet: our own health and perhaps the survival of our species. 
That reason was given added weight by the 2009 swine flu pandemic, in which somewhere 
between 150,000 and 575,000 people died. The pandemic appears to have been caused by 
a new and more deadly strain of the virus that was first identified in a factory farm for pigs in 
North Carolina. Still, because most of those who died were not living in affluent countries, the 
rich world did not take much notice of the virus or its origins.

COVID-19 has dramatically changed that. Now we all know that dangerous viruses and antibiotic-
resistant bacteria come to us from the animals we eat. So far we have been lucky – yes, even 
with more than 10 million cases and close to half a million deaths (at the time of writing) from the 
coronavirus that causes COVID-19, we are lucky because most of the people it infects survive. 
There can be no guarantee that the next virus, bred on a factory farm or unleashed from the 
wild through human interference, will not be just as infectious, but far more deadly.

Eating animals from factory farms has always been unethical, because of what it does to the 
animals. Since we learned about climate change, it has been doubly unethical, because of 
what it is doing to our planet as well as what it does to the animals. Now we know that it is 
triply unethical, because it also poses a serious risk to our survival. 

But don’t take it from me. Read the report.

PETER SINGER
Philosopher, Professor of Bioethics at the University Center for Human Values, Princeton
June 2020
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The ProVeg Food & Pandemics Report clearly demonstrates the 
connection between industrial animal production and the increased 
risk of pandemics. Never before have so many opportunities existed 
for pathogens to jump from wild and domestic animals to people.” 

DR MUSONDA MUMBA
Chief of the Terrestrial Ecosystems Unit of the United Nations 
Environmental Programme (UNEP)

Sadly, as explained in stark terms in the ProVeg Food & Pandemics 
Report, this is unlikely to be the last pandemic this generation has to 
face. Right now, the perfect conditions exist for another virus to spill 
over from animals to humans in multiple places all over the world. 
These conditions are created by our animal-based food system.

A future pandemic could be even worse as it may be more infectious, 
or more deadly. We must do everything possible to prevent this 
happening. And we can act. We have the power to drastically reduce 
the chance of future pandemics, and at the same time reduce illness 
in our population, reduce air pollution and solve world hunger.”

DR LAURA JANE SMITH
Respiratory and Internal Medicine Consultant 
at King's College Hospital

Factory-farm practices necessitate the overuse of antibiotics, 
which is contributing to the rise of antibiotic-resistant infections 
in humans. If allowed to continue, we risk entering a post-
antibiotic era, an outcome too terrible to contemplate. 

The new Food & Pandemics Report by ProVeg highlights the 
intrinsic links between large-scale animal agriculture and 
pandemics. We can and must make radical changes to our 
food system while we still have the chance. A shift towards 
more plant-based diets will not only reduce the risk of future 
pandemics, but will radically transform human health.”

PROFESSOR SHIREEN KASSAM
Consultant Haematologist and Honorary Senior Lecturer at 
King’s College Hospital
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EXECUTIVE SUMMARY

INTRODUCTION: FOOD AND PANDEMICS – MAKING THE CONNECTION

COVID-19 is a zoonotic disease, transmitted from animals to humans, that has turned into a global 
pandemic. It was first recognised in December 2019 and has since led to a large-scale shutdown of all 
aspects of life around the world. Its impacts are unparalleled in modern times, including a death toll 
in the hundreds of thousands as well as serious long-term socio-economic effects. It is unclear how 
long it will take for societies and economies to recover – or how it will change the world in the long run.

While most of the current focus is on the crucial aspects of emergency response and containment of the 
COVID-19 crisis, the ProVeg Food & Pandemics Report explores risk mitigation and the prevention 
of future outbreaks by addressing the root causes of zoonotic emergence and spread.

Part I of this report looks at the crucial connection 
between the current COVID-19 crisis and our global 
animal-based food system. It highlights how our food 
choices help to create a recipe for zoonotic pandemics 
that consists of three mutually reinforcing ingredients:

(1) The destruction of ecosystems and loss of bio-   
diversity (driven largely by animal agriculture) 

(2) The use of wild animals for food 

(3) The use of farmed animals for food 
(in intensified animal agriculture)  

Crucially, Part I demonstrates how the risk of future zoonotic outbreaks and the severity 
of their impacts increase with a surge in demand for animal-based products in today’s 
globalised world. The report strongly urges transformation of the global food system in order 
to prevent future pandemics.

1. ZOONOTIC PANDEMICS: VIRUSES, ANIMALS, AND HUMANS 
IN A GLOBALISED WORLD

Zoonoses are diseases of animal origin that have spread to humans. Mounting evidence 
suggests that the increase in zoonotic events is directly linked to humans’ increasing 
interactions with animals, particularly in terms of food sourcing. Our appetite for meat, eggs, 
and dairy has brought us into ever-closer contact with both domesticated and wild animals 
by keeping ever more of them in increasingly confined spaces and invading ever more of 
their habitats. Together with the human modification of the environment, this increases the 
likelihood of viruses jumping the species barriers, resulting in new zoonotic diseases. 

About 75% of all emerging 
infectious diseases in humans 
are zoonoses. Some of the most  
well-known zoonotic diseases 
include SARS, MERS, Ebola, 
rabies, and certain forms of 
influenza. Whether originating in 
wild animals, as is assumed with 
COVID-19, or in farmed animals, 
as is the case with avian and 
swine flu, they all pose serious 
threats to individual and global 
health – and already cause more 
fatalities than diabetes and 
traffic accidents combined. 

COVID-19’s fatality rate of 4.7% 
makes it about 47 times more 
deadly than regular flu – which 
is pushing healthcare systems 
worldwide to the limit. However, 
it is nowhere near as deadly as some other zoonotic diseases – such as the H5N1 avian flu, with 
a fatality rate of up to 60%. Not only might future outbreaks be more dangerous, experts agree 
that they are also expected to be more frequent. The causes behind this alarming forecast are 
human-made – and the most central ones are all linked to our global food system.

Destruction
of ecosystems

and loss of
 biodiversity

Wild animals 
for food

Farmed animals 
for food

ZOONOTIC 
SPILLOVER
ZOONOTIC 
SPILLOVER

Zoonotic diseases are responsible for an estimated 2.5 billion cases of illness 
and 2.7 million deaths worldwide, each year

Zoonoses such as COVID-19 are diseases
that are transmitted from animals to humans

of newly emerging 
infectious diseases 
are zoonoses75% of infectious diseases

in humans are spread
from animals60%

COVID-19 H5N1SEASONAL INFLUENZA

1 out of 1,000

Case-fatality rate:0.1%

47 out of 1,000

Case-fatality rate:4.7%

600 out of 1,000

Case-fatality rate:60%

Adapted from: UN Environment (2020)27 and CDC (2019)28 
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2. THREE FOOD-RELATED ACTIVITIES THAT INCREASE THE RISK 
OF ZOONOTIC PANDEMICS

There are three human activities related to the eating and farming of animals that strongly increase 
both the risk of pandemics and the severity of their impacts. Intensified animal agriculture plays a 
key role, since it functions as a large-scale zoonotic incubator, as well as a contributor to environmental 
degradation, loss of biodiversity, and climate change, and is the main driver of antimicrobial resistance.

Destruction of ecosystems and loss of biodiversity   
We are living in the midst of the sixth mass extinction and are facing a rapid global loss of 
biodiversity. Our actions have heavily impacted more than 75% of the Earth’s land surface, 
significantly altering the prevalence and composition of its flora and fauna. 

Animal agriculture is one of the key drivers of land-use change worldwide, as forests are 
cleared to provide space for feed crops and pastures in order to satisfy the increasing demand 
for meat. This leads to massive encroachments into natural habitats and biodiversity loss. 

Additionally, climate change also contributes to the increased transmission of pathogens 
from animals to humans. One of the main drivers of climate change is animal agriculture, 
accounting for about 16% of global greenhouse gas emissions, while also being a major 
contributor to environmental degradation.

Fuelled by our food choices, our environmentally destructive activities are bringing us 
closer to wild animals and their often unknown pathogens. This creates favourable conditions 
for viruses to spread, and ultimately enables the development of global zoonotic pandemics.

Wild animals as food

Every year, millions of wild animals are taken 
from their natural habitats – often illegally. In 
addition, various wild animal species are bred 
in unnatural, intensive farm settings.

The processing of wild animals provides a 
gateway for novel pathogens. When handling, 
slaughtering, or eating wild animals, viruses 
present in the animals can jump the species 
barrier. Pathogens that have been transmitted 
to humans via using wild animals as food 
include the Ebola and Marburg viruses, HIV, 

the West Nile virus, and the coronaviruses which caused the global pandemics of SARS 
and MERS, as well as various strains of influenza. COVID-19 is the most recent result of 
zoonotic transmission from wild animals, probably involving bats and pangolins.

Farmed animals as food
Many pathogens of concern to human health 
are transferred to humans from domesticated 
animals farmed for human consumption. 
Diseases such as diphtheria, measles, mumps, 
the rotavirus, smallpox, and influenza A all have 
their origin in domesticated animals.

The intensification of animal agriculture and 
aquaculture plays a key role and dramatically 
escalates the risk of zoonotic pandemics. 
Cramming large numbers of genetically similar 
individuals into unsanitary, high-density settings 
that induce poor health and high stress levels 
strongly increases the chances of pathogenic 

spillovers between wild animals and farmed animals – and, ultimately, humans. Industrial 
animal agriculture is much like a large-scale petri dish, providing the perfect conditions 
for viruses to emerge, spread, and cross species barriers. Each new factory farm increases the 
risk of the next virus spillover – along with the next zoonotic pandemic.

Owing to increases in population growth and prosperity levels, the global production of meat, eggs, 
dairy, and seafood from intensive-production facilities is forecast to increase by 15% by 2028. 

While COVID-19 did not originate in factory farms or slaughterhouses, it has nonetheless 
found its way into them. With its multiple impacts, the current pandemic has demonstrated the 
profound vulnerability and fragility of the animal-agriculture industry, as well as a host of 
serious ethical and economic implications for humans, animals, and the food system. 

76 Executive summary   
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3. FOOD-RELATED DISEASES AND OTHER FACTORS INCREASING 
THE IMPACT OF PANDEMICS

In addition to the risks of newly emerging pathogens, there are other factors that can further 
exacerbate the overall impact of zoonotic pandemics, as they all pose additional risks for individual 
health and healthcare systems. Again, they are all related to the eating and farming of animals.

Antimicrobial resistance (AMR)
Globally, antimicrobial-resistant infections currently claim at least 700,000 lives each year. The 
United Nations has declared antimicrobial resistance (AMR) a global health risk, stressing that 
this number could reach an annual toll of 10 million by 2050. 

It is animal agriculture which is mainly responsible for the development of AMR. Globally, 
more than 70% of antibiotics (including those of last resort) are used on animals in intensive 
farming – in order to prevent losses owing to problematic breeding and husbandry conditions, and 
to accelerate growth and profits, rather than for the treatment of humans.

With multi-resistant strains of bacteria emerging at alarming rates, the world is on the cusp 
of a post-antibiotic era. Without effective treatment for secondary bacterial infections, future 
pandemics are poised to get worse, leaving health professionals helpless against a threat 
that we thought we had overcome.

Other communicable food-borne diseases
As well as their involvement in the spread of viruses and the development of AMR, animal-
based products also pose other direct health risks that can worsen the impact of a zoonotic 
pandemic. There is a host of communicable diseases that are associated with the production 
and consumption of animal-based products, such as Campylobacter, Salmonella, and E. coli – 
with many of them having already developed strains that are resistant to antibiotics.

Non-communicable diet-related diseases
While all eyes are currently on communicable diseases, it is important to note that, in many 
countries, the major burden on the healthcare sector and people’s quality of life usually lies 
elsewhere. In high-income countries, nine out of the 10 leading causes of death are non-
communicable diseases. Statistically, chronic diseases constitute by far the greatest pandemic. 
And neither social distancing nor the recommended hygiene procedures can protect us from them. 

There is mounting evidence that the development of diet-related chronic diseases such as obesity, 
type-2 diabetes, and cardiovascular diseases, as well as some forms of cancer, is made more likely by 
the excessive consumption of animal-based products. All of these conditions constitute serious 
threats to individual and public health. Additionally, they put people in a high-risk group during a 
pandemic such as COVID-19, putting further strain on individual health and healthcare systems. 

CONCLUSION

The recipe for disaster is surprisingly 
simple: one animal, one mutation, one 
human, and one point of contact is all 
that it takes for a global pandemic to 
become a reality and bring the world 
to a standstill.

This makes using animals as food 
– and intensified animal agriculture 
in particular – the most risky human 
behaviour in relation to pandemics, 
and one of the most risky be-
haviours in relation to the long-
term survival of human society.

Making the connection between our outdated global food system and the current and 
potential future pandemic crises is a crucial first step towards acknowledging the root cause of 
pandemics and identifying solutions to prevent future outbreaks. Transforming the global food 
system by replacing animal-based products with plant-based and cultured alternatives 
provides a multiproblem solution – preventing not only future pandemics  but also helping to 
mitigate major parallel crises such as climate change, world hunger, and antibiotics resistance.

Part II of the Food and Pandemics Report, which will be published in the third quarter of 2020, 
will detail the solution landscape, showcasing the encouraging developments that are already 
taking place, as well as emerging opportunities and concrete calls-to-action – in order to 
inspire much-needed action among decision makers in the field of food-systems change.

Picture by vodograj, Shutterstock

GLOBAL PANDEMICAnimal-to-human
transmission

Human-to-human
transmission

Virus that is
easily transmitted
between species

Adapted from Kreuder et al. (2015)464
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INTRODUCTION

At the time of writing this report, the world as we know it has come to a standstill due 
to a virus that has been transmitted to humans through animals. SARS-CoV-2, widely known 
as the coronavirus, which causes COVID-19 (the coronavirus disease), was first recognised 
in Wuhan, China, in December 2019. The global impacts are severe and pervasive: a still-
increasing death toll in the hundreds of thousands, with large numbers of hospitalised 
patients pushing national healthcare systems to the limit; an immediate and large-scale 
shutdown of public life, services, production, trade, and travel; and serious long-term socio-
economic effects, including massive job losses, store closures, and widespread recessions. 
All of this will have profound impacts for many years to come.

National lockdowns, social distancing, wearing facemasks, and travel restrictions have become 
the new normal, constituting profound interference with individual freedoms, social stability, and 
economic safety. The impact of the COVID-19 pandemic is unparalleled in modern times – 
constituting the biggest global disruption since World War II – with the economic damage very 
likely to surpass the recession of 2008.1 There is currently no reliable prediction as to how long it 
will take to contain the pandemic or how long it will take for societies and economies to recover 
from its impacts. There is little doubt that it will change the world as we know it.

Food and pandemics – making the connection

Most of the current focus on COVID-19 explores the vital aspects of emergency response and 
containment. This Food & Pandemics Report now also directs attention towards risk mitigation and the 
prevention of future outbreaks by addressing the root causes of zoonotic emergence and spread.

Part I of this report makes the crucial connection between the current COVID-19 crisis and the 
global animal-based food system. It highlights how our food choices help to create a recipe 
for zoonotic pandemics – consisting of three mutually reinforcing ingredients: 

(1) The destruction of ecosystems and 
the loss of biodiversity (driven largely by 
animal agriculture) – resulting in increased 
contact and virus spillover to humans and 
farmed animals. 

(2) The use of wild animals for food – 
resulting in increased contact and virus 
spillover to humans and farmed animals. 

(3) The use of farmed animals for food in 
high-density, intensified animal agriculture 
– resulting in ideal conditions for viral mutation, 
spread, and spillover to humans and wild 
animals.

The trajectory of this interplay is alarming, given the world’s fast-growing appetite for animal 
protein.2 With meat and milk production expected to increase by approximately 15% by 20283 due 
to growing global human population and prosperity levels, the risk of future pandemics becoming 
more intense and frequent is also expected to further increase – as are the additional food-related 
risks exacerbating their impacts. This report demonstrates how we are literally eating our way to 
the next pandemic – and how food-systems change provides a high-potential risk-mitigation 
strategy.
 
‘Part I: Making the connection – animal-based food systems and pandemics’ introduces 
the basic biological and epidemiological concepts around zoonoses and pandemics, details 
the contribution of three food-related human behaviours that increase pandemic risks, and 
describes a host of food-system and consumption-related diseases that increase the negative 
impacts of pandemics. In doing so, the report reveals the key role of animal agriculture within 
this complex interplay, along with its numerous destructive aspects: from providing ideal 
breeding grounds for the emergence and spread of viruses, to driving antimicrobial resistance 
loss of biodiversity, and climate change. The report also reveals the profound vulnerability and 
fragility of the animal industry as it experiences disruptive shocks as a result of COVID-19.

Picture by Gengwit Wattakawigran, Shutterstock
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Scientific facts and evidence
In light of the current crisis, public trust in science is on the rise. In Germany, for instance, 
90% of the population believe that the expertise of researchers is crucial to slowing down 
the pandemic, while 81% of people want political decisions to be based on scientific facts 
and findings.4 The authors of this report unreservedly share the view that the facts and 
findings of science and research should inform the analysis of the current crisis, as well as 
the exploration of the solution landscape. To this end, scientific insights need to be made 
accessible and intelligible to decision makers, thought leaders, and the general public – which 
is why we have made sure that this report is informed by good science based on strong data 
points, and is, at the same time, accessible and easy to understand.

At the time of writing, some details about the virus are still unclear and are being critically 
scrutinised and debated – such as the exact animal species involved in the animal-to-human 
transmission, the virus’s precise case-fatality rate, and its various health impacts, as well as 
the most effective emergency responses and containment strategies. However, at this stage, 
there are three things that are clearly evident:

(1) There is a fundamental connection between pandemics and our animal-based food system.

(2) The health, social, and economic consequences of a pandemic can be extensive, 
comprehensive, and long-term.

(3) Action is now required to minimise the alarming increase in the risk of future occurrences 
– with food-systems change presenting a high-potential risk-mitigation strategy.

Preventing pandemics – food-system transformation as a multiproblem solution
Focusing on solutions is all-important in times of crisis. Part II of the Food and Pandemics 
Report, which will be published in the third quarter of 2020, will explore the solution 
landscape by addressing the root cause of the problem. Replacing animal-based products 
with plant-based and cultured alternatives can help to transform our global food system 
into a multiproblem solution. It provides not only a risk-mitigation strategy for the sharply 
increasing risk of future pandemics, but also a partial solution for some of the challenges that 
have been with us for far longer: climate change, environmental destruction, world hunger, 
lifestyle diseases, antimicrobial resistance, and animal suffering. 

Part II will showcase the inspiring and encouraging developments that are already taking 
place across all sectors of society, prompting a paradigm shift in consumers’ eating habits and 
thus in market demand and supply. In order to accelerate this shift, the report will also highlight 
emerging opportunities and spell out specific calls-to-action across all relevant sectors.

Make the connection – take action, prevent pandemics 
What is needed now is to make the connection – and take action. The current pandemic 
has clearly shown that taking fast and decisive action in the face of a global crisis is indeed 
possible. Now is the time to shift towards a better food system that will help prevent future 
pandemics and make the world a more resilient and sustainable place.

1. Zoonotic pandemics - viruses, animals, and humans in a globalised world  

PART 1: MAKING THE CONNECTION – 
ANIMAL-BASED FOOD SYSTEMS AND PANDEMICS

1. ZOONOTIC PANDEMICS – VIRUSES, ANIMALS,
AND HUMANS IN A GLOBALISED WORLD

What are zoonoses? And how do they lead to global pandemics? This section provides a 
brief backstory of zoonotic diseases, introduces the biological and epidemiological basics, 
and sketches the escalating history of viruses jumping species barriers and causing havoc on 
human health and life – culminating in the COVID-19 pandemic of 2020.

1.1 EATING OUR WAY TO ZOONOSES – A SHORT BACKSTORY
Zoonoses are diseases of animal origin that have spread to humans. There is mounting 
evidence which suggests that the increase of zoonotic events is directly linked to humans’ 
increasing interactions with animals, many of which are related to our food sourcing.

The Neolithic Revolution – domestication and zoonoses

The Neolithic Revolution and the dawn of agriculture, which began roughly 10,000 years ago, 
marked an important step in the development of modern humans and laid the foundations for 
our societies as they are today. With all its benefits, there is also evidence that in pre-agricultural 
societies, humans didn’t get the flu, measles, or smallpox. Something changed – and that 
something was almost certainly the domestication of animals for farming. Previously, there 
had only been occasional contacts with animals, for example during hunting. Then, we brought 
them close to our homes – along with the diseases they carry. This spurred an increasing 
exchange of pathogens between animals and humans.5 While now endemic to humans, some 
of the most common infectious diseases, including diphtheria, measles, mumps, the rotavirus, 
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smallpox, and influenza A, are believed to have their origin in or were transmitted by domestic 
animals.6 7 In shifting towards the domestication of animals for food, humans created the 
perfect hotbed for the development and transmission of zoonotic diseases.

Today, it is perfectly normal for us to get vaccinations against these diseases – early on in 
our childhood and sometimes repeatedly throughout our lives. We simply accept that those 
diseases exist. When we cough or sneeze, we readily blame viruses and bacteria – but 
we seldom think about their origins. Yet, it is a fact that humans share the highest number 
of viruses with domesticated animals (such as livestock) rather than with any other animals.8 
This is not a coincidence, but a result of the ongoing intensification of animal agriculture.

Post-World War II – intensification and escalation of mass production
After World War II, rapid population growth and rising income levels led to a growing appetite 
for meat and other animal-based products, which, in turn, required food systems to become 
more productive. New scientific advancements such as genetic breeding programmes, veterinary 
medicine, and chemical fertilisers enabled the intensification of both crops and livestock farming. 
Dairy cattle moved from pasture-based to confinement feeding systems, and antibiotics found 
their way into veterinary practices – initially to control disease, and later for their growth-enhancing 
properties.9 10 The starvation and deprivation of wartime, along with accelerating population 
growth and rising prosperity, led to a growing demand for meat – and a substantial intensification 
and expansion of animal agriculture that has been heavily incentivised and subsidised.

Eating our way to zoonoses

Today, livestock accounts for 60% of all mammal biomass on the planet (with wild mammals 
accounting for only 4% and most of the rest attributed to humans), while poultry accounts 
for 70% of bird biomass,11 marking a major human-made transformation in the species-
composition of our planet. Our appetite for meat has brought us in ever-closer contact with 
both domesticated and wild animals – by keeping ever more of them in ever more confined 
spaces, and invading ever more of their habitats. Together with the anthropogenic 
modification of the environment, this has helped the number of emerging zoonotic diseases 
to increase.12 13 14 Or, to put it differently, many of today’s contagious diseases are a problem 
of our own making. We have literally eaten our way to zoonoses.

1.2 ZOONOSES – EMERGENCE AND PREVALENCE

Bacteria and viruses are microorganisms that have 
been around on this planet far longer than human 
beings. While most of them pose no threat, and some 
are even beneficial to us, others are mildly parasitic. 
Some, however, are extremely harmful, causing serious 
infectious diseases that spread among individuals 
and can ultimately lead to pandemics – with all their 
consequences. Microorganisms that cause diseases 
are called pathogens.

Picture by Gengwit Wattakawigran, Shutterstock

Zoonotic virus evolution – 
accidentally jumping the species barrier

It is not uncommon for viruses to spread from 
animals to humans, as it is in their nature to find 
new hosts. Once a virus infects an animal’s cells, 
it reprogrammes those cells in order to produce 
copies of the virus. These copies then leave the 
reprogrammed cell and infect other cells. As a result, 
the animal becomes a host to the virus, and can infect 
other animals. Animal species can become reservoir 
hosts for pathogens, maintaining them permanently, 
without the host necessarily showing symptoms but 
still able to spread it to other individuals, populations, 
or species that then might show symptoms. Other 
pathogens are actively spread via vectors such 
as ticks or mosquitos which bite their hosts, thus 
spreading vector-borne diseases such as malaria.

Viruses carry structures on their surface which function in a similar way to keys. Only 
viruses with a matching ‘key’ can enter a host cell. This usually rules out transmission to 
other species, since the ‘key’ does not fit. However, during the copying process, mistakes 
can occur. These mutations cause changes in the genetic material of the virus, resulting 
in different ‘keys’ being created, some of which may also happen to fit the cells of other 
species. Infectious diseases that usually only affect certain non-human animals can thus be 
transferred to humans and vice versa. When this happens, and a virus jumps the species 
barrier from animals to humans, the resulting disease is called a zoonosis,17 while the 
transmission from humans to animals is referred to as reverse zoonosis. The process of a 
pathogen jumping the species barrier is called zoonotic spillover. Zoonoses can be caused 
by a multitude of infectious agents, including viruses, bacteria, prions, and parasites.

1.2 Zoonoses – emergence and prevalence    1.1. Eating our way to zoonoses – a short backstory 

VIRUSES

Viruses are tiny infectious agents 
and the most abundant entities 
on earth, populating all habitats 
and organisms.15 16 Lacking cells 
and their own metabolism, they 
are not living organisms in the 
classic sense but consist simply 
of a protein shell with genetic 
information (in the case of naked 
viruses) that is sometimes coated 
with a lipid membrane (in the 
case of enveloped viruses). They 
can only reproduce in living hosts 
such as humans, animals, plants, 
and microorganisms. Their genes 
enable them to mutate and evolve 
– often rapidly – into new forms, with 
hosts having little protection against 
them. Because the influenza virus, 
for instance, mutates a great deal, 
new vaccines are needed every 
year. Some mutations can result 
in viruses jumping the species 
barrier, causing zoonoses and – in 
the worst case – pandemics.
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Three out of four infectious diseases in humans are of animal origin
Despite the ubiquity of viruses on the planet, zoonotic spillovers seem to be quite rare. It is 
thought that there are between 260,000 and more than 1.5 million viruses that have their origin in 
mammals and birds.18 19 Of these, only 219 viruses have thus far been shown to infect humans.20 

Nonetheless, about 75% of all emerging infectious diseases that affect humans are zoonoses. 
In other words, when we are confronted with new communicable diseases, three out of four times 
they originated in, and have been transmitted to us by, wild or farmed animals21 22 23 24 25 26 – with 
potentially serious consequences, as past outbreaks have demonstrated. 

Some of the most well-known zoonotic diseases include SARS, MERS, Ebola, rabies, and certain 
forms of influenza. Whether originating in wild animals, as is assumed with COVID-19, or in farmed 
animals, as is the case with avian and swine flu, they all pose serious threats to individual and 
global health – with some of them being potentially far more severe and deadly than COVID-19. 
Increasing incidents of human-animal interaction and contact points (such as humans 
expanding into natural areas or high-density farming) increase the risk of zoonotic events.

Zoonotic diseases are responsible for an estimated 2.5 billion cases of illness 
and 2.7 million deaths worldwide, each year

Zoonoses such as COVID-19 are diseases
that are transmitted from animals to humans

of newly emerging 
infectious diseases 
are zoonoses75% of infectious diseases

in humans are spread
from animals60%

Zoonoses – more fatalities than traffic accidents and diabetes combined
Not every zoonotic disease necessarily develops into a pandemic of COVID-19-like proportions. 
And they don’t need to in order to pose a serious threat to humans. But, even without turning 
into acute pandemics, zoonoses are still responsible for about 2.5 billion cases of illness 
and 2.7 million human deaths worldwide, every single year.29 To put these figures into 
perspective: traffic accidents caused 1.24 million deaths and diabetes caused 1.37 million 
deaths globally in 2017.30 So, regular, non-pandemic zoonoses cause far more harm than all 
traffic and diabetes fatalities around the world, combined. Even non-fatal zoonoses cause 
massive damage to human health, societies, and economies, given that one out of four people 
on this planet is affected by a zoonotic disease – annually.

Adapted from: UN Environment (2020)27 and CDC (2019)28 
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EVERY YEAR

CASE-FATALITY RATE33 

Regarding the number of people who die from a disease, a key concept is the case-fatality rate (also 
known as the lethality rate). It is defined as the percentage of deaths in relation to the number of 
diagnosed cases of the disease. This is the rate that is widely used in the media (and often confused 
with the infection-fatality rate, which is the percentage of deaths in confirmed and unconfirmed 
cases). However, this figure can be very unreliable and can vary greatly between regions due to lack 
of testing or improper testing. To put things into perspective: for the seasonal flu, the case-fatality 
rate is about 0.1% – killing 1 out of 1,000 patients.34

1.2 Zoonoses – emergence and prevalence    

31 32
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1.3 AN OVERVIEW OF ZOONOTIC DISEASES – FROM AIDS TO ZIKA 
There are various types of pathogens that can be transferred from animals to humans. And, while 
they occasionally make the headlines when they first emerge or when there are larger outbreaks, 
it's easy to forget about zoonotic diseases in our everyday life. But just because they are off the 
media radar, it does not mean that they have disappeared. Many of them continue to circulate 
in populations, putting significant strain on global healthcare and other resources.

Avian influenza is probably the most common form of influenza. The 
main reservoir (or source animal) for the influenza A virus (IAV) is wild 
birds, who frequently spread it to domesticated and farmed birds. The 
primary risk factor for humans is exposure to infected live or dead poultry, 
contaminated environments such as live-bird markets, and intermediate 
hosts such as domesticated pigs. Recent cases include H5N1, which 
was first detected in 1997, causing a major outbreak in 2004, and H7N9, 
which was first detected in 2013.35 Both originated in wild birds and were 
transmitted to humans via poultry. The case-fatality rate for humans is 
up to 60% for H5N1 and about 40% for H7N9.36 37

Swine flu is common in pigs and easily transmitted between them, 
especially when in close contact with each other (as in factory-farm 
settings), but can also be transmitted to humans.38 Swine flu has various 
subtypes, including H1N1, H1N2, and H3N2. Having originated from birds 
and pigs, who may have functioned as intermediate hosts,39 40 H1N1 is 
assumed to have caused the so-called Spanish flu of 1918. The latest 
H1N1 pandemic occurred in 2009 and was first identified in Mexico,41 
with an estimated 11-21% of the global human population contracting the 
illness.42 It is assumed that between 151,700 and 575,400 people died, 
worldwide, during the first year of the 2009 H1N1 pandemic.43

Bovine spongiform encephalopathy (BSE), commonly known as mad 
cow disease, is a progressive neurological disorder in cattle caused 
by a prion (an abnormal version of a protein). The probable source of 
BSE was cattle feed prepared from bovine tissue (brain, spinal cord, 
etc.).44 45 In 1996, a human version of BSE called variant Creutzfeldt-
Jakob disease (vCJD) was identified in the UK.46 vCJD is caused by 
eating products from cattle infected with BSE. Since 1996, more than 
170 people have died from vCJD47 and over 4.4 million cows have been 
killed in the attempts to contain BSE.48 In the wake of the mad-cow-
disease epidemic, the European Commision placed a ban on the export 
of beef from the UK in 1996,49 effective for 10 years,50 while Japan did 
not open its market to British beef until 2019.51

Coronaviruses are a large group of viruses that cause diseases in birds 
and mammals.52 Human coronaviruses were first identified in the mid-
1960s.53 Some coronaviruses (such as 229E, OC43, NL63, and HKU1) 
only cause mild to moderate disease in humans,54 including acute upper 
respiratory tract infections. They are responsible for 15-30% of cases of the 
common cold.55 56 However, there are more deadly coronavirus strains, 
including Middle East respiratory syndrome (MERS) and severe acute respiratory syndrome 
(SARS), which had its first outbreak in 2003 and was first identified in Guangdong, China. 
SARS-CoV (the virus that causes SARS) affected more than 8,000 people in 26 countries on 
five continents, with an 11% case-fatality rate.57 58

Middle East respiratory syndrome (MERS) is caused by a coronavirus named MERS-CoV, 
which was first identified in Saudi Arabia in 2012 and spread to 25 countries – with a case-
fatality rate of 30-40%.59 Some studies suggest that both SARS and MERS (as well as 
other coronaviruses) might have originated in bats, as the virus has been identified in bats, 
worldwide.60 61 62 63

The Nipah Virus (NiV) disease first appeared in Malaysia in 1998. The virus’s natural reservoir 
is fruit bats.64 However, most human infections have resulted from direct contact with 
pigs,65 66 and it is assumed that the virus can infect a wide variety of animals. NiV can cause 
encephalitis but can also be present in the body without any symptoms. The case-fatality 
rate for humans ranges from 40% to 75%.67

Ebola was first discovered in Central Africa in 1976, near the Ebola river. It is assumed that its 
emergence in humans is linked to human encroachment into forested areas due to population 
growth, resulting in increased direct interaction with wildlife. African fruit bats are likely involved 
in the spread of the Ebola virus and may even be the reservoir host.68 69 The case-fatality rate 
is around 50% but has varied greatly during past outbreaks, from 25% to 90%.70

The earliest known case of the Human Immunodeficiency Virus (HIV) 
was probably identified in the Democratic Republic of Congo (then the 
Belgian Congo) in 1959.71 HIV spreads through certain bodily fluids, attacks 
the immune system and, if untreated, can lead to acquired immunodeficiency 
syndrome (AIDS),72 which was first identified in 1981.73 HIV is assumed to 
have been transmitted via apes to humans, when humans consumed them 
for food and came into contact with their infected blood.74 75 Today, there is 
no region in the world that is unaffected by this pandemic.76 77 Since 1981, an 
estimated 74.9 million people have become infected with HIV, and 32 
million people have died of AIDS-related illnesses.78

1.3 An overview of zoonotic diseases – from AIDS to Zika    
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The rabies virus (RABV) is one of the oldest virus species, belonging to the 
ever-expanding genus of lyssaviruses. RABV and other lyssaviruses have 
been detected in bats.79 However, unlike other lyssaviruses, RABV can be 
found in multiple reservoir hosts, for example, domestic dogs, red foxes, and 
raccoons.80 Canine-associated rabies kills more than 55,000 people each 
year in developing countries due to limited vaccination regimes.81 82

Malaria is an ancient disease caused by parasites of the genus Plasmodium, 
which are transmitted through the bite of the Anopheles mosquito. More 
than 95% of malaria cases evolved from Plasmodium parasites infecting 
wild African apes.83 In 2018, there were 228 million known cases of 
infection and 405,000 malaria deaths around the world.84 Africa 
carries the highest share of the global malaria burden, with 93% of 
malaria cases and 94% of malaria deaths.85

Lyme disease is the most prevalent vector-borne infection in North 
America and Europe.86 It is caused by the bacterium Borrelia burgdorferi, 
which is transmitted to humans via the bites of infected ticks. The main 
natural reservoirs for B. burgdorferi are birds, chipmunks, mice, and other 
small mammals.87 It is estimated that approximately 300,000 people 
contract Lyme disease each year just in the US,88 and between 650,000 and 
850,000 people in Europe.89 Research shows that mosquito- and tick-borne 
diseases are increasing as a consequence of climate change.90 91 92

The Zika virus (ZIKV) disease was first identified in Uganda in 1947.93 ZIKV is transmitted 
to humans primarily through infected Aedes mosquitoes, which are also responsible for 
spreading dengue fever (DENV) and chikungunya (CHIVKV).94 ZIKV has been linked to spikes 
in the birth defect microcephaly.95 In 2016, the World Health Organization (WHO) declared a 
Public Health Emergency of International Concern due to the ZIKV epidemic in South America, 
and especially in Brazil.96 The case-fatality rate in Brazil is 8.3% in cases of microcephaly and 
other serious conditions which arise as a result of ZIKV infection.97 98
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SOME ZOONOTIC DISEASES

Inter-human transmission and permanent establishment 

Not all zoonotic diseases allow transmission from human to human. However, some pathogens, 
such as SARS-CoV-2 and certain forms of influenza, can be easily transmitted between humans, 
with the potential to cause serious pandemics that can take some time to decline in human 
populations. Some zoonotic diseases can establish themselves permanently in the human 
population through mutation and adaptation, with humans becoming a primary reservoir host 
and no animals needed to spread the infections.99 In order for this to happen and for an animal 
virus to transform into a virus affecting humans, it takes just a few spillover events.

1.4 ESCALATING ZOONOTIC DISEASES – EPIDEMICS AND PANDEMICS

When a disease spreads substantially, it is called an epidemic. Normally, it is spatially restricted 
to a specific area or region, but an outbreak can also extend further and eventually cover a 
larger area. A pandemic has a national or international scale and occurs when an epidemic 
spreads beyond the initial area of contagion into other regions, countries, and even continents. 
A global pandemic is the highest level of a global health emergency.100 When this happens 
with zoonotic diseases, it is called a zoonotic epidemic or pandemic. 
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1.5 THE COVID-19 PANDEMIC – (ONE STEP CLOSER TO) THE BIG ONE?

According to a report by the Global Preparedness Monitoring Board, co-convened by WHO and the 
World Bank, and published in September 2019, “the world is at acute risk for devastating regional 
or global disease epidemics or pandemics that not only cause loss of life but upend economies 
and create social chaos.”116 Just a few months later, the world witnessed this prediction materialise. 
Whether the current COVID-19 pandemic is in fact ‘the big one’ is yet to be seen. However, it is 
already quite clear that the world has never before experienced a pandemic that has spread so 
rapidly, affecting virtually every human on the planet, and representing an unprecedented crisis. 
Those who are not infected with the virus itself are impacted by governmental regulations aimed at 
limiting its spread, and by the resulting social and economic hardship.

Late 2019 – the unfolding of a pandemic crisis 

The virus SARS-CoV-2 (widely known as the coronavirus) which 
causes COVID-19 (the coronavirus disease) was first officially 
identified in Wuhan, China, in December 2019 – with the first 
cases probably dating back earlier.117 The virus quickly spread 
through the surrounding province of Hubei, and, by March 
2020, the number of confirmed corona infections exceeded 
80,000 cases for the whole country.118 Since then, the virus 
has spread around the globe, resulting in millions of cases 
and hundreds of thousands of deaths.119 Governments around the 
world have since taken drastic measures to contain the spread of the virus, 
including nationwide lockdowns, strict social distancing, and international travel 
bans – affecting all aspects of social, political, and economic life and daily routine.

The origin question – where and who? 

At the time of writing, the question of the exact point of origin of SARS-CoV-2 is still being 
debated. The initial assumption was that the outbreak started at a wet market in Wuhan in 
December 2019.120 Now, there is also evidence of unrelated earlier cases, which suggests that 
the Wuhan market was the first super-spreader location rather than the actual point of origin.121 
While determining the exact location may prove impossible, the more relevant question is 
about the species involved. It is generally assumed that viruses such as SARS-CoV and MERS-
CoV originate in bats, are then transmitted to other animals as intermediate hosts, and finally 
spread to humans.122 123 124 125 Bats are also believed to have been the hosts for the SARS-CoV-2 
predecessor, and other wild animals (possibly pangolins) may have served as intermediate 
hosts, before transferring the virus to humans.126 127 

An alternative theory suggests that a possible predecessor of SARS-CoV-2 jumped to 
humans from an unknown intermediate host much earlier and acquired its specific traits 
in humans (rather than in the intermediate host), while staying undetected and allowing 
human-to-human transmissions.128 Regardless of these alternative emergence theories, 
COVID-19’s zoonotic origin remains unquestioned.

Throughout history, some zoonotic diseases have indeed escalated. These include:

The plague – ‘the black death’ 

The plague, or ‘the black death’, is among the most infamous epidemics and pandemics in 
human history, with one of the biggest outbreaks taking place in the 14th century and regular 
fatal recurrences occurring up to the 17th century. Considered to be the most fatal pandemic 
on record, the plague probably killed up to 60% of the European population,101 reducing 
the global population from about 450 million to about 350 million people.102 The plague is 
caused by a bacterium called Yersinia pestis that is transmitted to humans via the bites of fleas. 
Rodents, such as rats, are considered intermediate hosts, after having been infected by fleas 
themselves. The plague is still around in the 21st century. According to WHO, between 2010 and 
2015, there were more than 3,200 cases reported worldwide, including nearly 600 deaths.103

The Spanish flu – ‘the mother of all pandemics’

In the wake of World War I, the so-called ‘Spanish flu’ of 1918, often referred to as the ‘mother 
of all pandemics’, had an unusually high death toll. It is estimated that about a third of the 
world's population were infected, resulting in up to 50 million deaths.104 Although there 
is little doubt that the Spanish flu is of zoonotic origin, the question of the animal involved is 
still under debate, with the avian H1N1 virus being the most likely explanation.105 H1N1 has 
recurred repeatedly since then, with the largest recent outbreak taking place in 2009, 
and leading to the deaths of between 150,000 and 575,000 people worldwide.106 The 
2009 H1N1 virus was a combination of different swine, avian, and human influenza A viruses, 
involving strains from North America and Eurasia.107

Then and now – increasing risks and impacts of pandemics

Zoonotic pandemics have always had serious impacts on humans – although some factors 
have changed. In the past, less advanced hygienic and medical knowledge and equipment 
caused spreads of devastating proportions. This is sadly still true for some regions of the 
world with limited means and infrastructure, where it may not be possible to follow hygiene 
protocols correctly, and which is also often the case in developed countries.108 109 110 In today’s 
globalised world, however, international travel and trade have become an hitherto unparalleled 
accelerator for spreading pandemic diseases around the globe within a matter of days.

There is substantial evidence that outbreaks of animal-borne and other infectious diseases 
are on the rise.111 The World Health Organization (WHO) tracked about 1,500 epidemic events 
in 172 countries during the period between 2011 and 2018,112 and it is highly likely that the 
current coronavirus crisis is only a forewarning of what is yet to come. Epidemiologists 
are waiting for the ‘big one’ – not if but when. Many experts had in fact warned about the 
risk of a new coronavirus causing a pandemic113 114 115 – which is exactly what happened.
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Putting COVID-19’s case-fatality rate into context 
When it comes to assessing the hazard posed 
by a virus, the most widely used measure is the 
case-fatality rate. While the impact of COVID-19 
is unparalleled in modern times, it is not nearly 
as deadly as some other zoonotic diseases. 
Although the actual case-fatality rate is still 
under debate, the case-fatality rate varies greatly 
according to region, with a current average of 
4.7% (as of 5 July 2020).130 This makes COVID-19 
substantially more dangerous than regular flu, 
which has a case-fatality rate of less than 0.1%.131 

Its case-fatality rate, however, is dwarfed 
dramatically by that of, say, avian flu and its 
variants, with rates of up to 60% (H5N1)132 or, 
potentially, up to 90% in the case of Ebola133 –
making them 600 or 900 times more deadly than 
the seasonal flu. If one of these zoonoses turns 
into a pandemic, the consequences on health, 
healthcare systems, societies, and economies are 
difficult to imagine, and most aspects of human 
social organisation are likely to collapse. Even 
with COVID-19’s relatively low case-fatality rate, 
healthcare systems are already experiencing 
serious strain – despite the massive political and 
social containment measures that have been put 

THE LABORATORY THEORY 

At the time of writing, an alternative origin 
theory has emerged, claiming that the 
virus outbreak started from a maximum-
security biosafety facility in Wuhan, rather 
than from one of the city's animal markets. 
But even if the virus actually spread 
from a laboratory, the relevant question 
is a different one: was it artificially 
designed in a laboratory? Or was it the 
product of natural selection, resulting 
from interactions between animals and 
humans, which happened to end up 
in a laboratory? While it is currently 
impossible to completely disprove 
alternative-origin theories, scientific 
analysis of the virus’s structure suggests 
that it is not a purposefully manipulated 
virus, making a laboratory-origin scenario 
implausible.129 If the virus is a zoonotic 
product of natural selection, as its 
structure suggests, it makes no 
difference to the argument at hand 
whether its actual spread started in 
a wet market or via a laboratory. The 
origination process remains the same 
– as does the risk of future outbreaks.

COVID-19 H5N1SEASONAL INFLUENZA

1 out of 1,000

Case-fatality rate:0.1%

47 out of 1,000

Case-fatality rate:4.7%

600 out of 1,000

Case-fatality rate:60%

in place. If the case-fatality rate of a future global zoonotic outbreak is similar to those 
of Ebola, H5N1, or the 1918 flu pandemic, its effects will certainly overwhelm virtually all 
existing infrastructure. It will no longer be a question of enough ventilators and intensive-
care capacities – but of enough doctors and nurses still able to do their jobs.
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134 135 136

Not only might future outbreaks be more dangerous, experts agree that they are also 
expected to be more frequent.137 138 The potential causes behind this alarming forecast are 
human-made – and the most central human activities in this context are all related to our 
global food system.

POVERTY AND PANDEMICS

Low-income and marginalised communities, as well as those living in developing 
countries, carry a disproportionately high share of the burden of zoonotic infections.139 
The reasons for this include the fact that these communities are more susceptible to 
disease because they often lack access to clean water and sanitation, adequate nutrition, 
safe working conditions, access to medical care, training, education, and information.140 
Additionally, they often do not report symptoms or seek immediate medical attention 
because of the high cost implications.141 142 In a globalised world, these factors also 
contribute to an overall higher risk of pandemics – for everyone.

1.5 The COVID-19 pandemic – (one step closer to) the big one?    
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2. THREE FOOD-RELATED HUMAN ACTIVITIES
THAT INCREASE THE RISK OF ZOONOTIC PANDEMICS

The emergence of a novel zoonotic disease is a highly complex process, involving many factors. Yet, 
there is compelling evidence that certain human activities strongly increase the likelihood of such 
developments. This chapter highlights three aspects of human behaviour which are particularly 
devastating – all of which have to do with human-animal interactions in the context of food, and which 
increase both the risk of pandemic occurrence and the severity of its impacts. These three factors are: 

(1) The destruction of ecosystems and the loss of biodiversity (driven largely by animal 
agriculture) – resulting in increased contact and virus spillover to humans and farmed animals.

(2) The use of wild animals for food – resulting in increased contact and virus spillover to 
humans and farmed animals. 

(3) The use of farmed animals for food in high-density, intensified animal agriculture – 
resulting in ideal conditions for viral mutation, spread, and spillover to humans and wild animals.

The trajectory of this interplay is alarming, given the world’s fast-growing appetite for animal protein, 
and intensified animal agriculture’s key role in satisfying it. With meat and milk production 
expected to grow by approximately 15% by 2028143 due to rising global human population and 
prosperity levels, future pandemic risk is also expected to further increase.

Rampant deforestation, uncontrolled expansion of agriculture, intensive 
farming, [...] as well as the exploitation of wild species, have created a 
‘perfect storm’ for the spillover of diseases from wildlife to people.”

Settele et al. (2020), IPBES guest article144 
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2.1 THE DESTRUCTION OF ECOSYSTEMS AND LOSS OF BIODIVERSITY
The health of humans is directly linked to the health of the planet and all its inhabitants. While 
most research is clear about the importance of intact ecosystems, human activities don’t 
seem to reflect this insight. Instead, there is an ever-increasing exploitation and disruption of 
ecosystems, causing species diversity and animals’ natural habitats to continuously decline.

The sixth mass extinction – human-made biodiversity loss 

We are living in the midst of the sixth mass extinction on the planet and are facing a rapid global 
loss of biodiversity. For the first time in the history of the planet, such an event is human-made.145 
Our actions have heavily impacted more than 75% of the Earth’s land surface,146 significantly 
altering the prevalence and composition of its flora and fauna. Expanding urbanisation, as well 
as increasing commercial and infrastructural activities, driven by growing populations and 

2.1 Destruction of ecosystems and loss of biodiversity
    

2. Three food-related human activities that increase the risk of zoonotic pandemics
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prosperity levels, are significant contributors to these developments147 – with animal agriculture 
playing a central role. Tropical regions with high biodiversity are particularly vulnerable to, and 
affected by, all of these developments. The consequences are dramatic: more encroachment 
into, and destruction of, natural ecosystems means greater exposure to hitherto unknown 
viruses – and an increased risk of zoonotic spillover. 148 149 150

We have created densely packed populations where 
alongside us are bats and rodents and birds, pets and 
other living things. That creates intense interaction and 
opportunities for things to move from species to species.”

Eric Fevre
Epidemiologist at the University of Liverpool’s Institute of Infection and Global Health, 
The Guardian154
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Animal agriculture – a key driver of the destruction of ecosystems

Animal agriculture is one of the key drivers of land-use change worldwide, as forests are 
cleared to provide space for feed crops and pastures in order to supply the increasing demand 
for meat.155 156 157 158 159 160 Currently, 70% of fresh water and 50% of habitable land is used 
for crops and livestock production,161 162 while more than 80% of the world’s farmland is used 
for the production of meat, eggs, and dairy. However, animal-based products provide a mere 
18% of global calories.163 

Compared to other forms of agriculture, livestock farming is particularly inefficient owing to 
its poor protein-efficiency ratio (that is, the quantity of plant protein required to produce 
one kilogramme of edible animal protein). Farmed animals need to consume between 6 
and 12.5 kg of plant protein in order to produce a single kilogram of animal protein.164 165 166 
The consumption of animal-based products leads to massive encroachments into natural 
habitats – with very low yields.167 168
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Decreased biodiversity and increased zoonotic emergence

There is now substantial evidence that shows a clear correlation between human intrusion into 
ecosystems and the resultant habitat destruction, and an increased risk of pathogenic spillover. 
Ecosystems consist of communities of plants, animals, and microorganisms, as well as all the 
physical and chemical components of a specific environment or habitat. The interactions between 
all the components of an ecosystem are highly complex. As are the effects of biodiversity loss on 
pathogens, since their biological life cycles, as well as climate and host requirements, may vary 
greatly.173 While some pathogens might be very specialised in relation to a specific host, there are 
others that have a larger host range and might be able to cross species barriers more easily. 

Undisturbed habitats allow for a natural composition and balanced spatial distribution of 
species, which can result in a high diversity of both animals and pathogens.174 While a high 
diversity of pathogens sounds like a problem, this seems not to be the case: the dilution-effect 
hypothesis proposes that undisturbed habitats with high biodiversity make it much more 
difficult for pathogens such as viruses to spread and find suitable hosts.175 176 177 178 179
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Mounting evidence indicates that biodiversity loss frequently increases 
disease transmission […] current evidence indicates that preserving intact 
ecosystems and their endemic biodiversity should generally reduce the 
prevalence of infectious diseases.” 

Keesing et al. (2010)180 

The dilution effect – nature’s version of social distancing

One of the reasons for this is that the more diverse a biological community, the higher the 
probability is that there are species and individuals that are immune to a virus or unsuitable as 
a host. In habitats with high biodiversity, the number of individuals of the same species within 
a population may be lower (owing to natural regulating mechanisms such as predation or 
competition between species). As a consequence, viruses spread more slowly or are stopped 
by natural barriers. In other words, the risk of pathogens spreading is ‘diluted’ – a little like 
nature’s version of social distancing. However, if a habitat contains only a few animal species 
that are potential hosts for viruses and those animal species are genetically very similar (for 
example as a consequence of human environmental interference), then the virus can spread 
easily. And it might become so abundant that there is an increased risk that it will evolve the 
ability to jump the species barrier and infect other species – including humans.181 182 

Loss of diversity + increase in numbers = higher spillover risk

This is supported by evidence that mammal species (such as rodents, bats, primates, and 
domesticated animals) that have increased in population size due to human environmental 
interference share more viruses with humans than less abundant species. Human interference 
with the composition and numbers of wild animals thus increases the chances of interaction 
between wild animal species – and the viruses they carry – who would never meet under 
natural conditions in intact ecosystems. Adding domesticated animals such as farmed animals 
to this equation further increases the risk of pathogen transmission – making a zoonotic 
spillover event to humans significantly more likely.183

Never before have so many opportunities existed for pathogens to pass 
from wild and domestic animals to people [...] Our continued erosion of 
wild spaces has brought us uncomfortably close to animals and plants 
that harbour diseases that can jump to humans. Our long-term response 
must tackle habitat and biodiversity loss.” 

Inger Andersen 
Executive Director of the UN Environment Programme, The Guardian184

Climate change – a risk multiplier

Along with human population growth and the anthropogenic destruction of ecosystems, 
climate change also contributes to the increased transmission of pathogens from host animals 
to humans.185 Changing climatic conditions such as higher average temperatures can shift the 
habitats of both animals and pathogens.186 187 188 This further spurs imbalances in ecosystems 
and loss of biodiversity, resulting in higher risks of new infectious diseases emerging.189 190 In 
addition, changes to the climate may also favour the spread of vector-borne diseases (diseases 
that are transmitted by carriers such as ticks and fleas). Alarming examples include malaria 
or dengue fever, which are now expanding to new geographical areas, since the mosquitoes 
which transmit them are finding favourable conditions in these areas.191 192 193 194 There is 
no doubt that climate change is the result of human activities. One of the main drivers of 
climate change is animal agriculture, accounting for about 16% of global greenhouse gas 
emissions,195 while also being a major contributor to environmental degradation.

Studies have found that long-term climate-warming tends to favor the 
geographic expansion of several infectious diseases, and that extreme 
weather events may help create the opportunities for more clustered 
disease outbreaks or outbreaks at non traditional places and time.”

Wu et al. (2016)196 

A destructive interplay – fuelled by our food choices

Our environmentally destructive activities bring us closer to wild animals and their often 
unknown pathogens. This creates favourable conditions for viruses to spread, and ultimately 
enables the development of dangerous zoonoses that have the potential to become global 
pandemics. Add increasing temperatures and changing climate conditions to the equation, 
and the threat multiplies substantially. 

Profound impacts – and little awareness

Although there is widespread agreement about the destructive effects of this interplay, there 
is alarmingly little awareness of the fact that animal agriculture is one of its key drivers. While 
stressing the need to preserve ecosystems, natural habitats, and biodiversity, even experts 
often fail to make the connection. This is particularly unfortunate in light of the fact that 
animal agriculture contributes substantially to both environmental destruction and climate 
change. Globally, we raise and kill more than 75 billion land animals every year,197 with that 
number continually increasing. Breeding, feeding, processing, and shipping these staggering 
numbers of animals takes up vast resources, including land and water, and consequently leads 
to massive impacts on global ecosystems.

2.1 Destruction of ecosystems and loss of biodiversity
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The message we are getting is if we don’t take care of nature, it will 
take care of us [...]” 

Elizabeth Maruma Mrema 
Executive Secretary of the UN Convention on Biological Diversit, The Guardian198 

In order to address the ocurrence and transmission of pathogens and the emergence of
future zoonotic pandemics, we need to address our preference for animal-based foods – 
including both the products of animal agriculture and using wild animals as food. 

2.2 WILD ANIMALS AS FOOD 

One form of human intrusion into ecosystems and animals’ natural habitats is the use of 
wild animals as food in the context of hunting, wet markets, and bushmeat. Historically, the 
consumption of wild animals has been a component of the diets of many hunter-gatherer and 
forager cultures. Today, wild animals remain part of the diets of many communities around 
the world.199 At the same time, illegal wildlife trafficking has also become a big business 
that is worth up to US$ 23 billion.200 Every year, millions of wild animals are taken from 
their natural habitats – often illegally. In addition, various wild animal species are bred in 
unnatural, intensive farm settings.

We invade tropical forests and other wild landscapes, which harbour 
so many species of animals and plants – and within those creatures, 
so many unknown viruses [...]. We cut the trees; we kill the animals or 
cage them and send them to markets. We disrupt ecosystems, and we 
shake viruses loose from their natural hosts. When that happens, they 
need a new host. Often, we are it.” 

David Quammen
Author of Spillover: Animal Infections and the Next Pandemic, New York Times201

Wild-animal exploitation – endangering biodiversity and driving zoonoses

The pangolin – probably involved in the emergence and spread of COVID-19202 – is one 
example of an animal that is consumed as both meat and as medicine. Two out of the four 
Asian species are classified as ‘critically endangered’ and the other two as ‘endangered’.203 
Pangolins are believed to be the world's most trafficked mammal, accounting for a large 
part of all illegal wildlife trade and imported illegally into various countries on a massive 
scale.204 About a million pangolins are assumed to have been killed over the course of the 
last decade. However, the actual amount might be much higher as only a small portion of 
illegal trade is intercepted.205 206 207 There are estimates that close to 2.7 million pangolins 
are poached every year, in central Africa alone.208 Beyond pangolins, there is a wide range 

of wild animals and products from wild animals that 
are illegally traded – from bats to tigers to elephants. 
This makes the human exploitation of wild animals an 
additional risk factor for endangering biodiversity and 
already highly vulnerable species. Crucially, it also drives 
the emergence of zoonoses – through both aggravating 
the general environmental conditions (see 2.1) and creating 
direct gateways.

Wild-animal processing – a gateway for novel pathogens

When handling, slaughtering, or eating wild animals, 
viruses present in the animals can jump the species barrier. 
If humans are exposed to the virus, it can be transferred 
via compromised skin tissue or the mucosal membranes 
of the mouth, nose, or eyes, potentially allowing for the 
emergence of novel zoonotic infections.

Picture by Jiri Prochazka, Shutterstock

WET MARKETS

Wet markets are found in 
many places throughout 
the world, including Africa, 
South East Asia, and China. 
The term ‘wet market’ comes 
from the fact that the floors 
of these markets are often 
wet because products are 
washed with water or kept 
on ice. Many people rely on 
wet markets for food as well 
as for economic reasons. 
They are common market-
places for fresh products 
such as vegetables, fruits, 
fish, and meat, usually from 
domesticated animals (dead 
or alive), and are similar to 
farmer’s markets in the West-
ern world. However, there are 
also wet markets that sell 
wild animals. Crammed into 
tight spaces and butchered 
on request under poor sani-
tary conditions, multiple ani-
mal species are kept in close 
proximity, unsanitary condi-
tions, and under high risk of 
mixing bodily fluids. In an en-
vironment of acute stress for 
the animals, which weakens 
their immune systems, this 
mixing of pathogens from 
multiple host species cre-
ates the perfect conditions 
for the emergence of novel 
pathogens – which are then 
just a meal away from jump-
ing to humans. It is specifi-
cally these markets that pose 
a high risk of close contact 
between different animal 
species as well as humans, 
allowing pathogens to cross 
species barriers more easily.

Beyond Wuhan, pangolins and COVID-19

Regardless of whether the spillover of SARS-CoV-2 to 
humans actually occurred at the wet market in Wuhan, and 
irrespective of the exact animal species involved (see 1.5), 
the wild animal trade nevertheless poses a major risk for 
the emergence of zoonotic pathogens. It enables the supply 
of wild meat to urban consumers, leading to an increased 
movement of species and thus increasing the likelihood 
of zoonotic pathogen spread and exposure. This presents 
a major health risk to human populations worldwide.209 
Wildlife has been identified as a source of high-impact, 
recently emerging zoonoses. Such pathogens include the 
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deprived regions, the bushmeat trade has continued 
to expand and has been increasingly commercialised. 
It is now estimated to total as much as 3.4 million tons 
of wild meat per year, in Africa alone.216 The Food and 
Agriculture Organization of the United Nations (FAO) has 
named unsustainable bushmeat consumption in West 
and Central Africa as one of the region’s most important 
biodiversity and conservation challenges.217 218

Humans as threat multipliers

The overall outlook is highly alarming for two reasons: 
first, wild animals carry a great diversity of as yet 
unknown viruses; second, humans are increasingly 
interfering with wild animals’ natural habitats and using 
them for commercial purposes such as food, medicine, 
and fashion. Of course, the solution to reducing the 
risk of zoonoses is not the eradication of wild animals 
as carriers of viruses, but the preservation of their 
natural habitats and ending their use as food items. 
The single most culpable species for the emergence of 
pandemics is us: Homo sapiens has become a super 
vector – a threat multiplier – for zoonotic pandemics.219

Increasing conservation efforts and empowering local 
communities to find alternative sources of food and income 
is crucial to preventing new pathogens emerging from 
the depths of complex ecosystems. Given the potential 
global risks, this is a task not only for local governments 
but – crucially – also for the global community.

Banning wildlife markets – 
and the elephant in the room

In the wake of the coronavirus pandemic, the UN has urged 
for a ban on the trade of live wild animals at wet markets 
as a preventive measure for future pandemics.220 While 
banning the trade of wild animals – not only for food but 
also for other uses such as fur and medicine221 – may be 
a reasonable step, the risk of emerging viral diseases 
largely remains. This is due to the fact that many 
pathogens of recent concern to human health originate 
in, or are transferred to humans from, domesticated 
animals farmed for human consumption.222

Picture by Daniel Lamborn, Shutterstock

Ebola and Marburg viruses, HIV, Nipah, Hendra, the Menangle virus, the West Nile virus, and 
others such as the coronaviruses which caused the global pandemics of SARS and MERS 
and, of course, various strains of influenza A.210 Theoretically, just one human being handling 
just one animal carrying a virus might suffice for animal-human transmission to occur – 
and to set in motion a disastrous process such as the one the world is currently experiencing.

The underlying causes of zoonotic spillover from bats or from other wild 
species have almost always been shown to be human behavior, [...] 
When a bat is stressed – by being hunted, or having its habitat damaged 
by deforestation – its immune system is challenged and finds it harder 
to cope with pathogens it otherwise took in its stride. [...] . You can think 
of it like if people are stressed and have the cold-sore virus, they will get 
a cold. [...] This can happen in bats too."

Andrew Cunningham
Professor of Wildlife Epidemiology at the Zoological Society of London, CNN 2020211

The emergence of HIV – another food-related disaster

An example of how using wild animals for food can lead to the global spread of a dangerous 
pathogen is the emergence of the human immunodeficiency virus (HIV), which leads to 
acquired immunodeficiency syndrome (AIDS) in humans. While the virus and the disease 
are well known to the general public, its food-related origin is not.

To date, HIV has infected about 75 million people, claimed more than 32 million lives, and 
continues to newly infect about 1.7 million people each year, despite extensive awareness 
campaigns.212 AIDS is a disease for which, almost 40 years after its first clinical report, there still 
is neither a cure nor a vaccine, but only lifelong treatment measures to keep it at bay. The multi-
staged emergence of HIV-1 and HIV-2, the two subtypes, is highly complex. However, it is now 
widely accepted that both types of HIV are the result of multiple cross-species transmissions 
of simian immunodeficiency viruses (SIVs), a virus that naturally occurs in African primates.213

Bushmeat and AIDS

The emergence of HIV can be traced back to Kinshasa in 1959, a time when urban populations 
in central Africa were expanding and logging operations had started to advance deep into 
the rainforest.214 Because roads provided access to remote forests, they enabled a growing 
bushmeat trade between hunters and urban centres. The hunting and butchering of nonhuman 
primates, an integral element of traditional livelihoods for many people in the region, has been 
identified as a high-risk behaviour. It is viewed as a likely source for the repeated transmission 
of SIVs to humans, which eventually led to the virus’s ability to spread from human to human.215 
This is not a problem of the past. With expanding human populations in many economically 
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Outbreaks of animal-borne infectious diseases such as Ebola, SARS, avian flu, and now 
COVID-19, caused by a novel coronavirus, are on the rise.223 224 With COVID-19 most likely 
having emerged from bats and other wild animals, many people associate zoonotic diseases 
with exotic wild animals. However, spillover events do not occur only between wild animals 
and humans. The intensification of animal agriculture and aquaculture plays a key role and 
further escalates the risk of zoonotic pandemics. Cramming large numbers of genetically 
similar individuals into unsanitary, high-density settings that induce poor health and 
high stress levels strongly increases the chances of pathogenic spillovers between wild 
animals and farmed animals, and ultimately humans.

A high density of livestock is a challenge, because if a pathogen does 
jump from the forest into those livestock, it can spread very readily. 
Pathogens spread much better when their hosts are at high density. 
That's what COVID is doing right now." 

Felicia Keesing 
Ecologist and educator, Bard College, New York, CBC225

Sharing viruses – farmed animals as an interface for spillovers

There is mounting evidence that human activities facilitating contact between different animal 
species have likely accelerated the selection of viruses that are shared by a variety of animal 
hosts.226 Farmed animals frequently function as an interface which encourages virus spillover to, 
and subsequent spread among, humans.227 The key role of this transmission pathway is illustrated 
by the fact that it is domesticated animals such as livestock who share the highest number of viruses 
with humans.228 229 Diseases such as diphtheria, measles, mumps, the rotavirus, smallpox, and 
influenza A all have their origin in domesticated animals.230 

Growing demand for animal protein is driving
the intensification of animal agriculture 

Today, the world is seeing a rapid growth and 
massive intensification of animal agriculture, 
fuelled by a rising global demand for meat, eggs, 
dairy, and seafood. Accelerated population 
growth and increased prosperity levels have 
led to a growing appetite for animal-based 
products – with chicken and pigs at the very 
centre of this development.231 232

ANIMALS SLAUGHTERED 
FOR MEAT IN 2018

73 bn
1.5 bn

0.3 bn

Poultry

Pigs

Cows

233

Our hunger for animal products – staggering numbers, trending upwards 

Globally, more than 75 billion land animals are slaughtered for food, every single year.234 This is 
about 10 times the number of humans living on this planet. At any point in time, there are more 
than 30 billion farmed animals on earth, the vast majority (82%) of them poultry such as chickens, 
ducks, and turkeys.235 Today, livestock accounts for 60% of all mammal biomass, and poultry for 
70% of bird biomass,236 with these figures continuing to grow. While these numbers are already 
staggeringly high, they leave fish out of the equation – with aquaculture estimated to account for up 
to 167 billion individual fish slaughtered each year.237 The global production of meat, eggs, dairy, 
and seafood from intensive-production facilities is forecast to increase by 15% by 2028.238

Based on Bar-On et al. (2018)239
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Maximising productivity and pathogenic risks – breeding our way to zoonoses

Alongside strongly intensified husbandry conditions, the creation of new and more ‘productive’ 
breeds of cows, pigs, chickens, and fish have made these high livestock numbers possible. 
And they have helped to maximise the yield of meat, eggs, and milk per animal. Maximising 
productivity has put the world’s livestock species and their genetic diversity at risk, making 
them less resilient to environmental changes and pathogens.240 This approach has also 
radically increased the number of individuals confined in high-density settings. The unnatural 
and unhygienic conditions of large-scale animal agriculture leads to poor health and high 
stress levels in individual animals.241 The sum of these developments makes farmed animals 
more susceptible to infections,242 243 and has thus created the perfect conditions for the 
emergence and spread of zoonotic diseases.

High density and high virulence – 
the opposite of social distancing

Moreover, the close and unsanitary proximity of 
individuals in intensive, high-density facilities 
can favour the development of high virulence 
– that is, the increased ability of a pathogen to 
infect and harm a host.244 245 A well-studied 
example of the complex connection between 
virulence and transmission246 is the salmon 
louse and its host. Lice originating from 
farmed salmon are more harmful, i.e. they 
have a higher virulence (greater damage to 
skin tissues as a measure of virulence), than 
lice from wild-caught salmon.247 The reasons 
for this are various – including high host 
density and limited genetic diversity, as well as 
reduced lifespans of the fish due to scheduled 
slaughtering, which may cause parasites to 
adapt to shorter life cycles.248

Under natural outdoor conditions, high virulence 
is costly to the virus, since killing its host too 
fast stops it from spreading if there is no new 
host nearby. This naturally limiting mechanism 
is bypassed, however, under the cramped and 
unhygienic conditions of factory farms and 

aquaculture. There, virus transmission, even from severely sick or dead animals to live animals, 
is easily possible. Literally constituting the opposite of social distancing, this makes industrialised 
animal agriculture a hotbed for the evolution of pathogens with a greater virulence than is naturally 
possible. And it strongly encourages their eventual spread.

Factory farm waste – spreading pathogens to the outside world

This alarming situation is further aggravated by the poor management of faeces, waste, and 
water in intensive-farming facilities, affecting not only the animals in those facilities but also those 
in close proximity outside. The sheer magnitude of the outputs of these facilities, including 
both living and dead animals, excrements, and other bodily fluids, makes it effectively 
impossible to contain pathogens. Existing biosecurity protocols can do little to change that 
(when they are in place at all). With animal agriculture continuing to rapidly expand and intrude 
into the natural environment, the chances of close contact between other domesticated animals 
(both inside and outside of farming settings) and wild animal species increase dramatically. As 
does the risk of zoonotic spillover events between them.249 250 251 252 253 254

There are several pathways to zoonotic spillover, including contaminated aerosol particles which 
can transmit viruses between farm facilities and humans.255 256 For example, pig farms can be a 
source of infectious aerosol particles which are transported downwind.257 Pathogens can also 
travel together with faeces, dust, debris, water, respiratory fluids, bedding, and hair particles.258 
Smaller particles can remain suspended for long periods, facilitating the infectivity of pathogens.259

Animals held in confinement produce large amounts of waste, which 
need to be disposed of. Much of this waste, which may contain large 
quantities of pathogens, is disposed of on land, posing an infection 
risk for wild mammals or avians. Poultry house waste is also utilized in 
aquaculture, a form of food animal production, which results in the cre-
ation of artificial wetlands and thereby increases direct opportunities 
for contact with wild avians.”

Otte et al. (2007)260

Bigger, faster, tighter – a risky paradigm shift

While all animal agriculture intensifies the emergence and spread of zoonotic diseases, this 
holds especially true for large-scale, high-density operations. Aiming for ‘optimisation’ in 
terms of productivity and economic efficiency, small-scale farming with a few animals, kept 
predominantly outdoors and foraging for food in fields, is increasingly a fading memory of the 
past.261 Research demonstrates that significantly higher risks of H5N1 outbreaks were found in 
large-scale commercial poultry operations, compared to backyard flocks. In Canada, H5N1 spread 
rapidly, also owing to air exchange between neighbouring poultry barns. The facilities’ industrial-
scale ventilation systems generate aerosolised dust which facilitates pathogen transmission. Air 
samples from one study revealed particle concentrations in factory farms being a million times 
higher than in semi-rural areas.262 Given that factory farms and aquaculture are estimated 
to account for more than 90% of global meat and fish production,263 the overall trajectory 
points towards a greater risk of zoonotic outbreaks in the future.264 265

Picture by Sergey Bogdanov, Shutterstock
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Recent outbreaks in Asia have shown that transmission of infectious 
agents can arise from small farms raising poultry in proximity to domiciles 
and to other animals. However, because CAFOs [Concentrated animal 
feeding operation] tend to concentrate large numbers of animals close 
together, they facilitate rapid transmission and mixing of viruses. There 
is a concern that increasing the numbers of swine facilities adjacent to 
avian facilities could further promote the evolution of the next pandemic.”

Gilchrist et al. (2006)266

Factory farming – an industrial-scale zoonoses incubator 

Modern-day animal agriculture is much like a large-scale petri dish, providing perfect 
conditions for viruses to emerge, spread, and cross species barriers. The actual 
spillover can happen when viruses undergo genetic changes, either through antigenic 
shift (when different strains of a virus recombine – a process potentially accelerated by 
the close proximity of multiple hosts) or through antigenic drift (when small changes in 
the genetic information accumulate).267 Both mechanisms can lead to the emergence of 
viruses which have the ability to infect humans. An example of an antigenic shift is the 
1918 Spanish flu outbreak, which was an avian H1N1 influenza strain that mutated, probably 
with pigs functioning as a mixing vessel, and subsequently became transmissible between 
humans.268 269 An example of antigenic drift is seasonal influenza.270 271

Influenza – the classic among the zoonotic diseases

One of the most well-known examples of a constantly changing and mutating zoonotic 
disease that is connected to animal farming is the influenza A virus (IAV). While this virus 
occurs naturally among wild aquatic birds across the globe,272 273 certain strains of IAV also 
occur in humans. This implies that the virus jumped the species barrier at some point.274 While 
there is widespread awareness of the threat that IAV poses to human health, little is 
known by the general public about its animal origins. 

SEASONAL INFLUENZA

Influenza, commonly known as the flu, is an infectious disease transmitted by a virus. With various 
symptoms that can range from mild to severe, it is a seasonal disease that quickly mutates. Influenza 
type A is most relevant for human health and constitutes one of the most worrisome of all known 
infectious diseases – which is why, each year, healthcare systems brace themselves for the next flu 
season. Respiratory deaths due to seasonal influenza are estimated to number between 290,000 and 
645,000 globally every year.275

Birds, pigs, and humans – growing populations and increasing influenza spillover risks

As probable intermediate hosts, pigs are thought to be a particularly good fit to host the 
processes mentioned above. Since they are susceptible to both avian and mammalian influenza 
viruses, they are seen as mixing vessels and transmitters for viruses, leading to the creation 
of new strains of viruses with zoonotic or even pandemic potential.276 277 278 279 One of the 
primary risk factors for spillover to humans is exposure to infected live or dead animals, for 
example, when raising, slaughtering, processing, or preparing them for consumption. 
However, humans also transmit influenza viruses and other pathogens to animals such as pigs 
(reverse zoonosis), potentially also making humans the catalyst for future pandemics.280 281 
Either way, the ongoing close contact with, and use of, farmed animals by humans increase the 
future risks of further zoonotic transmission.282 This holds particularly true for the transmission 
of influenza viruses, as the three species involved in their emergence – poultry, pigs, and 
humans – are all predicted to increase in number.283

TRANSMISSION PATHWAYS OF INFLUENZA 

 Poultry

Wild waterfowl Humans

Pigs

73 billion chicken, ducks, geese, and 
turkeys slaughtered in 2018 1.5 billion domestic pigs  

slaughtered in 2018 

At any point in time, there are more than 30 billion farmed animals on earth, a number that is predicted to continually increase. 

Adapted from: Ma et al. (2008)284
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reverse zoonoses

Swine influenza virus

Avian influenza virus

Human influenza virus

Antigenic shift 
(reassortment)

Pigs act as mixing vessels for 
di�erent strains of influenza A viruses

The H5N1 influenza outbreak in 2004 – just short of a global disaster 

With H5N1, the world has already witnessed a frightening example of how serious a threat 
zoonotic spillovers involving factory farming can be. After two relatively mild pandemics in 
1957 and 1968, the world teetered on the brink of catastrophe in 2004, when large parts of Asia 
experienced unprecedented outbreaks of the highly pathogenic avian influenza strain H5N1. 
There is evidence that H5N1 avian flu may have started to spread when migratory birds wound 
up in close proximity to poultry farms as the intensification of farming practices brought 
them closer together. The virus evolved, crossing the species barrier and infecting humans 
– with a devastating case-fatality rate of up to 60%, taking its heaviest toll on children 
and young adults.285 286 This particular strain of the virus met all necessary prerequisites 
for a devastating pandemic – with only the lack of efficient human-to-human transmission 
preventing its extensive spread and a subsequent emergency of unforeseeable magnitude.287

Our growing hunger for poultry – breeding the next influenza pandemic

At the time of writing, the avian influenza strain H5N8 is causing havoc in Eastern Europe. 
Since the end of 2019, there has been an increase in outbreaks of bird flu in poultry farms in 
Eastern Europe, leading to the killing of millions of birds.288 Although the likelihood seems low, 
human infection with H5N8 is indeed a possibility.289 However, the Asian avian influenza strain 
H7N9, which has been circulating in poultry in China since 2013, is rated by the Centers for 
Disease Control and Prevention (CDC) as the influenza A strain with the greatest potential to 
cause a zoonotic pandemic and to severely impact public health if it were to achieve sustained 
human-to-human transmission.290 So far, human infections have only occurred sporadically 
but have killed about 40% of patients, making it 400 times more dangerous and deadly 
than normal seasonal influenza. Thus, our growing hunger for chicken reveals itself to be 
one of the most critical risk factors in breeding the next influenza pandemic.291

Putting zoonotic risks into perspective – one mutation away from a global disaster

The case-fatality rate of COVID-19, caused by the virus SARS-CoV-2, is currently estimated 
to be somewhere between 0.1% and 18.9%, with a global average of about 4.7% (as of 5 
July 2020).292 293 The virulence of a virus such as H5N1 or H7N9, paired with the infectivity of 
SARS-CoV-2, would have catastrophic consequences (see graphic in 1.5). And it would take 
just one mutation for this to occur. To put things into perspective: if a pandemic similar to the 
1918 Spanish flu occured today, experts expect 100 to 400 million deaths globally.294 The 
likelihood of this event becoming a reality increases with every single chicken and pig housed 
for food production – and with every single day this practice is maintained.

Factory farms are the best way to select for the most 
dangerous pathogens possible.” 

Rob Wallace
Evolutionary Biologist at the Agroecology and Rural Economics Research Corps in St Paul, Minnesota, Vox295

Picture by SOMRERK WITTHAYANANT, Shutterstock



4544 454444 452.3 Farmed animals as food
    

4544

 

Infectious disease outbreaks – backfiring on animal agriculture

The development of new infectious zoonotic diseases as a result of intensified animal agri-
culture does not only pose a threat to human health and healthcare systems. It also backfires 
on the industry itself in various ways – in turn, negatively impacting humans, animals, and the 
food system. Animal agriculture is affected by a host of endemic and reemerging infectious 
diseases on an ongoing basis, including African swine fever (ASF), swine flu, and avian flu. 
Not only do these diseases have profound ethical implications – with animals suffering and 
dying from them, as well as being culled to curb their spread. They also cause enormous 
economic damage to meat, dairy, and poultry producers – from small-scale subsistence 
agriculture to large-scale commercial farming.

African swine fever (ASF) is a highly contagious viral disease 
found in pigs, for which there is no cure or vaccine, and which 
has a mortality rate of up to 100%.296 ASF ranks among the 
most prevalent diseases affecting the pork industry. In 2019 
25% of the global domestic pig population either died from the 
disease or were culled in order to prevent its spread.297 Globally, 
the economic costs of ASF are estimated to amount to several 
hundreds of billions of dollars. At the time of writing, the pork 
industry in Western Europe is on high alert, with an outbreak 
of ASF on a Polish pig farm close to the German border.298

Swine flu is a respiratory disease that is endemic in pig populations around the world, 
with a morbidity rate of up to 100%.299 Due to the constantly evolving nature of the virus 
and pigs acting as ‘mixing vessels’, swine flu has transformed from a seasonal disease to a 
disease that is prevalent all year round. And because of the constant mutation, significant 
efforts are needed to continuously develop new vaccines.

 

Avian flu is a viral disease that is highly contagious and regularly 
decimates farmed poultry around the globe. With repeated 
spillover events to humans taking place, drastic containment 
measures have had to be put in place. In 1997, an outbreak 
in Hong Kong led to the culling of the entire 1.4-million chicken 
population – with recurring outbreaks and similar levels of death 
and culling taking place again in 2001 and 2002. Similarly, the 
emergence of a highly pathogenic avian flu strain in the Netherlands 
in 2003 resulted in the death of 23 million chickens.300 During the 
H5N1 outbreaks in Asia, up to 140 million birds died or were 
killed within the space of three months. According to the FAO,301 
it led to the culling of 400 million domestically farmed birds 
across the globe302 – more than the combined total of all previous 
large outbreaks of highly pathogenic avian influenza recorded in the 
previous 40 years.303 

Animal industry workers – victims and vectors

Many of the diseases circulating among farmed animals can infect humans, thus becoming 
zoonotic. Being in constant contact with potentially infected animals exposes those working 
in the animal industry to greater risk, putting them on the frontline of possible spillover events. 
There is substantial evidence that farmers, veterinarians, and abattoir workers, particularly, 
are at an increased risk of contracting zoonotic diseases and play an important role in their 
spread,304 with one particular outbreak putting this group at a 1,500-times higher risk than 
the general population (see also 3.1).305
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COVID-19 impacting the animal industry

While COVID-19 did not originate in factory farms and slaughterhouses, it has 
nonetheless found its way into them. With its multiple impacts, the current pandemic has 
demonstrated the profound vulnerability and fragility of the animal industry, as well as a 
host of serious ethical and economic implications for humans, animals, and the food system.

Direct impacts – coronavirus in slaughterhouses, and workforce shortages 

Abattoirs around the world have become significant vectors for infection and have faced 
unprecedented outbreaks of COVID-19, affecting thousands of slaughterhouse workers.306 307 
In the US, more than 20,000 meat packers have fallen ill, reducing the country’s total 
hog-slaughtering capacity by 25%.308 In Germany too, hundreds of slaughterhouse 
workers have tested positive for the virus, with the Netherlands, Ireland, France, and the 
UK reporting similar cases.309 310 Disruptions and closures of slaughterhouses around the 
world have shone a light on the poor working and living conditions of their employees. 
Routinely working through subcontractors for substandard wages, the largely untrained 
workforce stems from economically deprived backgrounds – and are often from other 
countries. They have to endure cramped working conditions, mass accommodation and 
catering, poor sanitation, and a lack of compliance with safety procedures.311 312 313 The 
current crisis demonstrates the disproportionate vulnerability of the meat-processing 
sector to the pandemic – particularly since its workforce has to endure the same high-
density environment as the animals they process. 

Cullings – killing animals as a systems requirement 

As the meat-processing industry faces significant disruptions due to COVID-19, workforce 
shortages also require the culling of animals that cannot be processed. A single processing 
facility in the US was recently forced to kill 2 million chickens, while another one is 
expected to cull 13,000 pigs a day, with their carcasses ending up in landfills.314 315 As 
with all killings of animals, culling has serious ethical implications. This holds especially 
true since the killings, related to a lack of processing capacities, serve no purpose at all 
but are simply a consequence of the system. Moreover, cullings often involve particularly 
inhumane practices – such as foam suffocation (pouring large quantities of foam on 
poultry to make them suffocate), ventilation shutdown (purposefully turning off the barn’s 
ventilation system to let animals die of heat stress and organ failure), or maceration 
(feeding live birds into high-speed grinders). Such practices may also incur significant 
reputational risks for producers.316

Indirect impacts – reduced consumer demand and wastage

COVID-19 is also dealing an indirect blow to 
the fragile system of animal agriculture 
through a decrease in consumer de-
mand. Restaurants, canteens, school 
cafeterias, and coffeeshops around 
the world have been forced to close 
due to lockdown and containment 
restrictions. This has led to sharp 
drops in demand, particularly in 
the food-services industry. As a 
consequence, farmers in the UK 
dump an estimated 1 million litres 
of milk each day,317 while in the US 
it is an estimated 14 million litres 
every day.318 Beyond the dairy 
industry, other animal-agriculture 
sectors are also affected. In addition 
to lockdown-related decreases in de-
mand, there are other factors driving 
down demand for animal products, including 
consumers looking for safer alternatives in the 
wake of the COVID-19 crisis (see Part II).

Factory farms – the perfect accelerators for pathogen emergence 

The current COVID-19 pandemic did not originate in factory farms but most likely came from 
using wild animals as food, probably involving bats and pangolins. Yet, simply looking at 
wildlife markets in specific geographical regions while ignoring the broader picture of the use 
of animals for food overlooks the elephant in the room. Factory farming – everywhere in the 
world – represents the perfect accelerator for the emergence and transmission of pathogens 
between farmed animals, wild animals, and humans. Each new factory farm increases the 
risk of the next virus spillover – as well as the next zoonotic pandemic.

If you actually want to create global pandemics, then 
build factory farms.”

Dr Michael Greger
Physician and founder of NutritionFacts.org, Vox319
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3. FOOD-RELATED DISEASES AND OTHER FACTORS 
INCREASING THE IMPACT OF PANDEMICS

In addition to the risks of newly emerging pathogens, there are other factors that can further 
exacerbate the overall impact of zoonotic pandemics. Antimicrobial resistance and the 
resulting superbugs, other communicable food-borne diseases, and non-communicable diet-
related diseases all pose additional risks for individual health and present massive strains on 
healthcare systems, particularly in the context of a pandemic. Again, they are all factors that 
are related to our animal-based food system.

3.1 ANTIMICROBIAL RESISTANCE (AMR)
The discovery of antibiotics was one of the key medical achievements of the 20th century. Yet, 
less than 100 years after Alexander Fleming first discovered penicillin, the world is on the cusp of 
a post-antibiotic era, with multi-resistant strains of bacteria emerging at alarming rates all around 
the world. The United Nations has declared antimicrobial resistance (AMR) a global health 
risk, stressing that deaths due to AMR could soon surpass annual cancer fatalities.320 Globally, 
antimicrobial-resistant infections currently claim at least 700,000 lives each year. This number 
could reach an annual toll of 10 million by 2050.321 322 Common bacterial infections that used to 
be easily treatable with the aid of antibiotics can now be fatal – again! This is not only a problem 
for individual and public health in and of itself, with AMR having become one of hospitals’ biggest 
challenges.323 It also renders affected individuals even more vulnerable to novel pathogens 
and adds to the massive strain on healthcare systems during a pandemic.

Animal agriculture – the unrecognised driver of AMR 

While there is growing awareness of the challenge of AMR, little is known about the driving 
force behind it. Animal agriculture is chiefly responsible for the development of AMR. Globally, 
more than 70% of antibiotics are used on animals in intensive farming – to prevent 
losses owing to the problematic breeding and husbandry conditions, and to accelerate 
growth and profits – rather than for the treatment of humans.324 Yet, the main focus when 
tackling antimicrobial resistance is usually on the importance of doctors prescribing antibiotics 
appropriately, rather than on their large-scale misuse in animal agriculture.

We use tremendous quantities of antibiotics on animals that are not ill. 
It’s not a therapeutic use; it’s prophylactic, and it increases yield, so 
it’s economically viable because antibiotics are cheap. To be honest, 
antibiotic resistant bacteria are globally perhaps the most important 
source of disease emergence.”

Dr. Richard Ostfeld
Disease Ecologist at the Cary Institute of Ecosystem Studies in Millbrook, 
New York, The Counter325

Among the many germs, 
a few are resistant to 
antibiotics - including 
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1
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protect the body from infection, they 
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resistant ones unharmed

2
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ANTIBIOTIC ABUSE - CREATING ANTIMICROBIAL RESISTANCE 

AMR in pandemics – a profound risk multiplier
Although antibiotics are not able to kill or inhibit 
viruses, their declining efficacy in treating bacterial 
pathogens aggravates the overall health risk for 
humans and increases the burden on healthcare 
systems.327 They are essential in fighting bacterial 
infections which may accompany a primary viral 
infection. Lower and upper respiratory infections 
are the fourth-highest cause of global mortality 
and are usually caused by a virus.328 However, 
additional secondary bacterial infections are 
common complications, increasing the severity of 
a viral infection and further raising the morbidity 
and mortality rates of viral diseases.329 When 
antibiotics are effective and readily available, this 
risk decreases. However, with more and more strains 
of antimicrobial-resistant bacteria emerging, AMR 
can further escalate an epidemic or a pandemic. 
In the case of influenza, for instance, bacterial 
infections are assumed to contribute to up to 50% 
of total deaths.330 331 332 During the 2009 swine 
influenza pandemic, cases of secondary bacterial 
infections increased, causing up to 55% of total 
deaths.333 This makes AMR a massive risk in and 
of itself – as well as a profound risk multiplier in 
the context of a zoonotic pandemic.

If [influenza] condemns, the secondary infections execute.”

Louis Cruveilhier (1919)334

ANTIMICROBIAL
RESISTANCE (AMR)

Antimicrobials (including antibiotics, 
antiviral, and antifungal medicines, as 
well as disinfectants and sanitisers) are 
compounds that kill or inhibit the growth 
of harmful microorganisms such as 
bacteria, fungi, and viruses. However, 
microorganisms may acquire resistance 
to specific antimicrobials (such as 
medical antibiotics or disinfectants). 
The overuse of antimicrobials 
encourages the development of 
antimicrobial resistance (AMR). If 
bacteria acquire resistance against 
multiple antibiotics, they are called 
multiresistant or 'superbugs'. As a 
result, antimicrobials such as antibiotics 
become ineffective, and it becomes 
harder to treat infections, leading to 
prolonged illness, higher medical 
costs, and increased mortality. The 
more antibiotics are used, the less they 
are effective. Indiscriminate use in 
animal agriculture is the main driver 
of the escalating AMR emergency.

adapted from: CDC326
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Towards a post-antibiotic era
Research on the 1918 influenza pandemic revealed 
that secondary bacterial infections might have 
been the main cause of death, probably responsible 
for up to 90% of fatalities.335 This happened in the 
pre-antibiotic era, when the treatment of bacterial 
infections was still a challenge. With more and more 
antibiotic-resistant bacteria, and AMR increasingly 
posing a global health risk again, we are now 
headed for a post-antibiotic era. Without effective 
treatment for secondary bacterial infections, 
future pandemics are poised to get worse, 
leaving health professionals helpless against a 
threat we thought we had overcome.

COVID-19 DRIVING 
THE AMR CRISIS

Paradoxically, the virus-caused Covid-19 
pandemic itself has the potential to es-
calate the global AMR situation even fur-
ther. Although ineffective on viruses, anti- 
biotics are being administered to COVID-19 
patients to prevent superinfections – that 
is secondary bacterial infections that could 
exacerbate the primary viral infection. This 
approach is routinely applied as a pre-
cautionary measure and is often unwarr- 
anted, strongly increasing the risk of AMR 
development.336 337 338 Moreover, the sig-
nificantly increased use of disinfectants 
and sanitisers during the COVID-19 pan-
demic may further drive AMR. Bacteria 
can acquire resistance to the very products 
designed to kill them, increasing the number 
of strains of antimicrobial-resistant bacteria. 
Not only does this put further strain on health-
care systems, causing more deaths, it could 
also remain a problem long after the cu-
rrent COVID-19 pandemic has abated.339 

Animals, humans, and AMR
While physicians and patients are supposed to follow 
strict antibiotic prescription guidelines in order to 
prevent AMR, that advice again misses the elephant 
in the room: globally, more than 70% of antibiotics 
are not used for the treatment of humans but for 
animals in intensive farming setups.340 The key 
problem here is the overlap: 76% of the antibiotics 
commonly used in agriculture and aquaculture are 
also important in human medicine341 – with the 
animal-usage dramatically decreasing the efficacy 
of antibiotics intended for humans.

In the EU and USA,
over 75% of antibiotics

are used in animal
agriculture, not as 

medicine for humans

Hu
mans 25%

Farmed animals
 75

%
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Preventing losses and accelerating growth in factory farms – a recipe for AMR emergence
Animal farming is the main consumer of antimicrobial medicines due to its problematic breeding 
and husbandry conditions. Farmed animals suffer physically from impaired immune systems, 
weaker bones or cardiovascular systems, and bodily mutilations, as well as from genetic 
predisposition to various injuries and diseases.343 They also experience mental suffering due 
to a range of causes, including stress, the inability to display normal behaviour, and severely 
restricted movements due to overcrowding or otherwise unsuitable husbandry,344 as well 
as from unhygienic conditions.345 346 This makes the animals more vulnerable to infectious 
diseases. In intensive-farming facilities, outbreaks are more common and harder to 
control when they occur.347 348

In order to prevent excessive losses of animals – and thus profit – a seemingly ‘easy’ solution is the 
extensive use of antibiotics. This is why antibiotics are routinely given, for example, to sows who are 
kept continuously impregnated, except for a few weeks after giving birth, or to young pigs in order 
to reduce disease symptoms caused by stressful early weaning.349 Antibiotics are also administered 
to poultry to combat heat stress, overcrowding, and other substandard living conditions.350

The majority of animals are treated with antimicrobial medicine as a preventive measure. However, 
antibiotics are not administered to animals only for disease control. Some of these drugs also 
induce growth and weight increase in animals – a welcome side-effect for the animal-farming 
industry, as it reduces the timespan needed for animals to reach their slaughter weight or increase 
it. Unsurprisingly, this has led to very generous use of these drugs.351 352 And, while regulatory 
efforts have attempted to curb such misuse of vital antibiotics, in reality, they have mostly failed.353 

In the future, we should fully expect our maltreatment of animals to wreak 
havoc on our own species. In addition to future pandemics, we face the 
very real risk of breeding antibiotic resistance. The major contributor 
to this is the use of antibiotics in the animal-agriculture industry, as a 
growth promoter (to bring animals to slaughter weight as quickly as 
possible) and to curb the spread of infections among animals reared in 
cruel intensive ‘factory farmed’ conditions”.

David Benatar 
Professor of Philosophy and Director of the Bioethics Centre at the University of Cape Town, NY Times354 

Wasting powerful drugs on animal agriculture – including antibiotics of ‘last resort’

Two of the most commonly used antibiotics in animal agriculture are tetracyclines and 
fluoroquinolones, both of which are also used to treat various severe illnesses in humans, 
including cholera and malaria.355 356 Resistance to tetracyclines has already been detected 
in industrial poultry farming.357 358 And the use of fluoroquinolones also poses a public-
health concern as they are suspected of encouraging bacterial resistance, which can 
be transmitted into the food chain.359 The misuse of antibiotics in animal agriculture also 
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extends to drugs of ‘last resort’ – that is, antibiotics which are used as a last line of defence for 
humans whose infections are failing to respond to standard drugs. Life-saving medicines for 
humans, such as colistin, are wasted, mostly on healthy animals in order to boost their growth 
and weight, or to prevent them from contracting infectious diseases resulting from inadequate 
husbandry conditions.360 361 Colistin is used in the treatment of E. coli infections (see 3.2) but 
also to treat pneumonia. Resistance to colistin has been detected around the world362 with 
nearly 100% of farmed animals in some regions – as well as a rising number of people 
– carrying the resistant gene.363 Since colistin is a valuable drug that is used to treat multi-
resistant bacteria, this development poses a serious and growing global threat.364

Factory farms and aquaculture – breeding grounds for dangerous superbugs 

There is a strong link between the intensive use of antibiotics in animal farming and the 
rapid emergence of new resistant bacteria, leading to a record level of superbugs in various 
domesticated animal species.365 366 367 368 (Superbugs are microorganisms that have developed 
multi-drug resistance.) This holds particularly true for the clear increase in resistant bacterial 
strains occurring in chickens and pigs.369 370 371 Globally, the production of animal-based 
products is estimated to increase by 15% by 2028.372 This increase in meat, milk, and egg 
production also implies a rise in antibiotics use in animal farming, which is projected to rise by 
67% by 2030373 – with some countries expected to see an up-to-80% increase.374 Global AMR 
maps (available at resistancebank.org and ourworldindata.org)375 376 show that the countries 
with the highest resistance rates are also the countries that have the highest use of 
antimicrobials commonly used by humans also used in animal farming.377 378

Picture by neenawat khenyothaa Shutterstock

The indiscriminate use of antibiotics makes the aquaculture sector another hazardous 
breeding ground for AMR379 – and one that deserves special attention, since aquaculture 
is one of the fastest-growing food-production sectors worldwide.380 Global fish production 
rose to about 171 million tons in 2016, with aquaculture constituting 47% of the total.381 As 
aquaculture intensifies in order to meet global demand, so too do the diseases and pathogens 
affecting aquatic animals.382 383 The intensification of aquaculture enables an ideal setting 
for rapid changes in pathogen populations, genetic exchange, and recombination to take 
place. All of these factors have long-lasting evolutionary effects on pathogen virulence and 
outbreaks.384 385 Furthermore, many countries practice an integrated agriculture-aquaculture 
farming system in which aquaculture is sustained via livestock and human waste, maximising 
the exposure of animals, humans, and the environment to AMR.386 387

Animal-agricultural waste and the spread of AMR

Factory farms produce large quantities of waste, which, in most cases, is disposed of in nearby 
areas.388 This increases the risk of the transfer of AMR genes to farmed animals, humans, 
wildlife, and watersheds.389 390 Antibiotics not only pose a direct threat to overall human 
health but also have an impact on the environment. Most of the antibiotics are excreted and 
disseminated into the environment via run-off water or manure used as fertiliser, after which 
they get into rivers, lakes, and groundwater used for human consumption, as well as into our 
soils. In this way, they potentially alter the microbial community and cause the emergence 
of new resistant strains.391 392

Pathogens cross borders with impunity, not only on 
meat but through the environment and in the bodies 
of people who have already acquired them.” 

Maryn McKenna
Author of Plucked, The Independant393

Animal-agriculture workers and the spread of AMR

Factory farms enable frequent and close contact between animals and people who work on 
or live close to the farms. Methicillin-resistant Staphylococcus aureus (MRSA) is a clinically 
significant superbug that causes infections of the respiratory system worldwide. In Germany 
alone, there are about 132,000 cases of MRSA each year. MRSA is widespread in various 
different species of farmed animals and is easily transmitted to humans who are in direct 
contact with them.394 In German regions with high numbers of farmed animals, 86% of 
hospital-admitted MRSA cases are farmers, and more than 4% are farmers’ relatives.395

AMR AND POVERTY – 
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AMR AND POVERTY –
A VICIOUS CIRCLE

Drug-resistant infections have become 
harder to treat globally, but the burden 
of bacterial infections is higher in 
low-income countries and vulnerable 
communities.396 397 In low-income 
countries, many people lack access 
to basic and affordable healthcare 
facilities and often attempt to self-
medicate.398 In combination with poor 
infection control, a lack of education, 
and inadequate sanitary conditions, this 
encourages the spread of AMR.399 400 401 
Poverty-related infectious diseases 
such as tuberculosis (TB)402 403 are at 
the centre of the AMR challenge. TB kills 
1.5 million people every year (more than 
any other infectious disease) – 214,000 
of which die from multi-drug-resistant 
TB.404 405 In addition to its disastrous 
health impacts, AMR also has profound 
secondary consequences – such 
as exacerbating global poverty and 
inequality. Illness always tends to have 
a disproportionate financial impact on 
the poor and disadvantaged. AMR poses 
a huge challenge for the economies 
of low-income countries because it 
renders the treatment of diseases 
harder and more expensive.406 This 
makes it a fundamental developmental 
problem. The World Bank estimates 
that, by 2050, 28 million people might 
face extreme poverty every year 
due to AMR, of whom the majority 
(26.2 million) would be in low-income 
countries, resulting in global economic 
costs of US$1 trillion per year.407 
Poverty and AMR form a vicious circle, 
with AMR exacerbating poverty, and 
poverty facilitating the spread and 
development of AMR.408 409

AMR – the superbugs we grow in our farms
Instead of using antibiotics to keep humans 
healthy, our current food system wastes these 
valuable drugs in order to maintain the lives of 
animals who would otherwise not be viable under 
the circumstances they are kept in – all in order 
to produce large amounts of cheap animal-based 
products. As a consequence of the ever-increasing 
global demand for animal-based products, the 
unabated growth of antimicrobial resistance is 
particularly alarming, since the massive misuse of 
antimicrobial drugs increases the risk of the impacts 
of pandemics becoming even more severe. 

Misuse and overuse of existing antimi-
crobials in humans, animals and plants 
are accelerating the development and 
spread of antimicrobial resistance. Anti-

microbial resistance poses a formidable challenge to 
achieving Universal Health Coverage and threatens 
progress against many of the Sustainable Develop-
ment Goals, including in health, food security, clean 
water and sanitation, responsible consumption and 
production, and poverty and inequality." 

IACG (2019) IACG (2019): No time to wait: Securing the 
future from Drug-Resistant Infections410

The current model of animal agriculture not only 
enables and encourages viral evolution and 
transmission, but also increases antimicrobial 
resistance. This alarming combination poses a 
threat to human health everywhere, regardless 
of whether people eat the animals raised under 
those conditions or not. 

In terms of the increase in antibiotic resistance, there 
is a further connection with our animal-based food 
system and what we eat: many microorganisms 
that have developed antimicrobial resistance 
are also involved in food-borne diseases. These 
include Salmonella, Clostridium, Campylobacter, 
Staphylococcus, Escherichia coli (E. coli), and 
Listeria. Crucially, they all have meat or dairy as 
their main sources.411 412

3.2 OTHER COMMUNICABLE FOOD-BORNE DISEASES
As well as their involvement in the spread of viruses 
and the development of AMR, animal-based 
products also pose other direct health risks 
that can worsen the impact of a zoonotic 
pandemic. There is a host of communicable 
diseases that are associated with the 
consumption of animal-based products, 
creating additional risks for individual 
health and putting additional strain on 
healthcare systems. WHO estimates 
that, in 2010, unsafe food caused 
600 million cases of food-borne 
diseases and more than 400,000 
deaths.413 While virtually every food 
contains toxins or pathogens when 
spoiled, when it comes to food-borne 
infections of humans, animal-based 
products deserve special attention. Not only 
do they harbour some particularly harmful 
microorganisms, but the sourcing of animal-based 
products also increases the antimicrobial resistance of 
these pathogens (see 3.1), rendering them even more dangerous.

With the increase in animal factories, we are opening the door to 
antibiotic resistant diseases like salmonella, E.coli, campylobacter and 
the pig strain of MRSA that spread from the workers and neighbours, 
through the air and contaminated water.” 

Tracy Worcester 
Farms not Factories, The Independent414

Campylobacteriosis – chickens as a reservoir of bacteria

Infection with Campylobacter is one of the most prevalent food-borne diseases, responsible for 
one out of four cases of diarrhoeal diseases, as well as being the most common cause of human 
gastroenteritis, globally.415 Chickens are a natural reservoir for Campylobacter. Infected birds 
carry a very high load of the bacteria in their gastrointestinal tract, which results in contaminated 
muscles, blood, and bones in the slaughtering and processing stages, which can then lead to 
the transmission of the pathogens to humans.416 In many parts of the world, Campylobacter 
shows high levels of resistance to antibiotics such as tetracyclines and fluoroquinolones. The 
resistance to fluoroquinolones seems to be associated with their use in poultry farming. 
The campylobacteriosis case-fatality rate fluctuates between <0.01 % and 8.8%.417
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Infections with Campylobacter can result in serious long-term impacts on individual health. Among 
them are Guillain-Barré syndrome (GBS), reactive arthritis, and irritable bowel syndrome. GBS is 
an autoimmune response that can lead to the deterioration of the nervous system, and is quite 
severe, with 20% of cases requiring intensive care, and a case-fatality rate of between 3% and 
10% in high-income countries.418 Globally, one in three GBS cases is triggered by Campylobacter.

Salmonellosis – eggs and excretion 

A pathogen that is more familiar to the general public is Salmonella, which causes salmonellosis. 
Salmonellosis occurs after consumption of food or water that has been contaminated by 
the fecal or urinary excretions of animals that are reservoirs of Salmonella.419 420 Salmonella 
lives naturally in the intestines of many different animals, including rodents, poultry, pigs, 
and dogs.421 A recent study links the emergence of human-adapted Salmonella to the 
introduction and intensification of animal farming.422 Salmonella causes typhoid fever 
(Typhoidal Salmonella) as well as gut distress (non-typhoidal Salmonella).423

Typhoidal Salmonella is responsible for typhoid fever, which constitutes an ongoing burden on 
developing countries. Between 11 and 21 million people contract typhoid fever annually, and up 
to 161,000 people die from it.424 Its overall case-fatality rate ranges between 2.5% and 4.5%.425 
Non-typhoidal Salmonella (NTS) is one of the main causes of bacterial diarrhoea worldwide and 
causes around 153 million cases of gastroenteritis globally anually.426 NTS is responsible for the 
death of more than 50,000 people each year, particularly the very young and the elderly. In 2017, 
the case-fatality rate for NTS was 14.5% for all ages.427

The emergence of highly virulent and antibiotic-resistant Salmonella has led to greater 
morbidity and mortality in humans, particularly in the last few decades. A considerable number 
of multiresistant strains that have emerged in animal farming show resistance to a wide 
variety of antibiotics, constituting a significant food-safety hazard.428 429

E. coli – friend and foe

The bacteria Escherichia coli (E. coli) normally live in the intestines of humans and other 
animals. While many strains are harmless and part of a healthy gut microbiome, some can 
produce toxins that lead to severe diseases.430 431 E. coli human infections occur when 
consuming food or water contaminated with faeces, with the consequences varying from 
mild to severe diarrhoea for most of those infected. However, in a tiny percentage of cases, 
infants may develop haemolytic uraemic syndrome (HUS), a life-threatening disease that 
causes kidney failure and the destruction of red blood cells.432 433

There are different groups of pathogenic E.coli. One of the best known groups, Shiga toxin-producing 
E.coli (STEC), causes abdominal cramps and diarrhoea and is primarily transmitted through 
the consumption of raw or undercooked animal-based products such as meat and milk. 
Ruminants, mainly cattle, are recognised as its primary natural reservoir.434 Some outbreaks are 
associated with the consumption of fruit and vegetables such as lettuce, sprouts, and spinach which 
have been cross-contaminated through the use of manure as fertiliser or via contaminated 
water.435 STEC is responsible for 90% of HUS cases in infants436 and causes about 2.8 million cases 
of acute illnesses, annually.437 Although STEC case-fatality ratios are low, its economic impacts are 
far more severe.438 As with other food-borne diseases, antibiotic resistance in E. Coli is on the 
rise, with animal farming at the forefront of producing antibiotic-resistant strains.439 440

Food-borne diseases – the risk of eating what is close to us

Looking closely, it is not surprising that many food-borne pathogens are derived from animal-based 
products. For one thing, humans are evolutionarily much closer to other animals than to plants or 
fungi. A virus that has adapted to infect a pig’s lung cell requires much less of a shift in its genetic material 
in order to be able to infect a human lung cell than would a virus originally adapted to infect a plant cell.

Additionally, the processing of animals poses a contamination risk that is difficult to 
control. Evisceration processes at slaughterhouses can easily lead to the cross-contamination 
of meat by fecal matter, which may spill when the organs are being removed, resulting in 
infections of a wide range of organs in humans consuming the contaminated meat. Finally, 
there is the risk of handling and preparing raw animal-based products at home. Even if 
the chicken is properly cooked, the tomatoes on the same chopping board might not be.

With every single meal containing animal-based products, the risk of contracting food-borne 
diseases increases. Although these food-borne diseases do not cause pandemics, they come 
at a considerable cost to individual health and healthcare systems – and consequently 
have the potential to worsen the impact of pandemics.

Picture by Mark Agnor, Shutterstock
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Obesity
Obesity has been coined a global epidemic by WHO and referred to as “one of today’s most 
blatantly visible – yet most neglected – public health problems”.444 And, like other diseases 
that put a strain on the body, it is positively correlated with the impact of infections. Data from 
274 US counties showed that communities with a greater prevalence of obesity were more 
likely to have high influenza-related hospitalisation rates. Similarly, people with lower fruit-
and-vegetable consumption tended to have higher influenza-related hospitalisation 
rates, even after accounting for obesity.445 In addition, during the 2009 influenza A (H1N1) 
pandemic, obesity was a risk factor for hospitalisation and death.446 Long-term studies of the 
links between lifestyle, diet, and disease found that the more kinds of animal-based foods in 
participants’ diets, the higher their BMI (body mass index) scores.447 448

Cardiovascular diseases
Cardiovascular diseases are the number one 
cause of death, globally. They include diseases 
of the heart and blood vessels such as coronary 
heart disease, cerebrovascular diseases, and 
rheumatic heart disease.449 Diet and lifestyle 
have a major influence on the development of 
cardiovascular diseases. An unhealthy diet, low 
in fruits and vegetables and rich in saturated 
fatty acids, along with physical inactivity, 
tobacco use, and harmful use of alcohol, are the 
most important risk factors. However, a high 
level of meat consumption is considered an 
independent risk factor in the development 
of cardiovascular diseases. A 2009 study in 
the US, which included an impressive 500,000-
plus participants, showed an increased risk for 
cardiovascular disease in the participants who 
consumed the most meat, compared with those 
participants with the lowest meat intake.450 
WHO points out that “most cardiovascular 
diseases can be prevented by addressing 
behavioural risk factors”.451 

Previous evaluations of patients with 
COVID-19 show that cardiovascular disease 
increases the incidence and severity of 
infection. In addition, coronavirus infection 
can cause damage to the heart muscle, which 
can be another major factor for a negative 
prognosis.452 For example, in an analysis 

3.3 NON-COMMUNICABLE DIET-RELATED DISEASES
While all eyes are currently on communicable diseases, it is important to note that, in many 
countries, the major burden on the healthcare sector and people’s quality of life usually lies 
elsewhere. Ischaemic heart disease and strokes are the world’s biggest killers – in high-income 
countries, nine out of the 10 leading causes of death are non-communicable diseases.441 
Statistically, chronic diseases constitute by far the greatest pandemic. And neither social 
distancing nor recommended hygiene procedures can protect us from them.

Animal-based products – a double-risk diet
There is mounting evidence that the development of diet-related chronic diseases such as 
obesity, type-2 diabetes, and cardiovascular diseases, as well as some forms of cancer, is 
made more likely by the excessive consumption of animal-based products. All of these 
conditions constitute, in and of themselves, serious threats to individual and public health. 
Additionally, they put people in a high-risk group during a pandemic such as COVID-19, 
putting further strain on individual health and healthcare systems.

Lifestyle diseases – tipping the scale for COVID-19 patients
Early studies from China show that the risk of a severe case of COVID-19 is significantly 
increased in people with diet-related diseases. Data from 1,590 laboratory-confirmed 
hospitalised COVID-19 patients shows that people with hypertension and cancer had 
particularly severe cases, defined as being admitted to an intensive care unit, requiring 
invasive ventilation, or death.442 A second analysis of a total of 72,314 patient records shows 
that people over the age of 80 had the highest case-fatality rate of all age groups, at 14.8%, 
followed by patients with cardiovascular disease (10.5%), diabetes (7.3%), chronic respiratory 
disease (6.3%), hypertension (6.0%), and cancer (5.6%) – most of which are so-called lifestyle 
diseases that are closely linked to the ways we eat and live.443
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of 187 patients from Wuhan who were hospitalised with COVID-19, 35% had underlying 
cardiovascular disease and 28% had indications of acute myocardial injury.453 Another small 
study of 150 patients with laboratory-confirmed COVID-19 indicated that cardiovascular 
disease was more common in patients who died (13 out of 68) than in patients who survived 
(1 out of 82).454 Similarly, the largest analysis to date of COVID-19 cases in mainland China 
shows that the case-fatality rate was 2.3% (1,023 deaths out of 44,672 confirmed cases), but 
reached 10.5% in patients with underlying cardiovascular disease.455

Cancer

High consumption of red meat is also 
associated with numerous cancers. In 2015, 
WHO classified processed meat as a Group 1 
carcinogen. This classification means that there 
is sufficient evidence from epidemiological 
studies that foods such as bacon, sausages, 
and ham can cause cancer. In addition, red meat 
has been classified as a Group 2A carcinogen, 
which means that foods such as beef, veal, and 
pork are likely to cause some types of cancer.456

During a pandemic, patients with cancer face 
all the same risks as the rest of the population. 
In addition, patients with some forms of cancer 
or who are at specific stages of their disease 
or treatment are also particularly susceptible 
to bacterial infections due to weakened 
immune systems.457 458 While there is not yet 
much information about the effects of COVID-19 
on cancer patients, early data from China has 
shown that 39–54% of patients with cancer 
were reported to have a severe event when 
infected with COVID-19.459

PANDEMICS AND CANCER

A zoonotic pandemic can also have other 
severe consequences on cancer care. 
Hospitals around the world have postponed 
important surgeries – including cancer 
surgeries – in order to free up emergency 
capacities for COVID-19 patients. With 
tumour-removal surgeries being postponed 
for six months, a UK study concluded that for 
every 10 COVID-19 patients saved through 
hospital treatments, four cancer patients 
might die due to a lack of treatment.460 There 
is also evidence that there have been fewer 
diagnosed cases of cancer, probably due to 
the fact that potential patients are anxious 
about becoming infected with COVID-19 
in a healthcare setting, or have general 
assumptions about insufficient capacities for 
non-COVID-19-related illnesses during the 
pandemic.461 Of course, this is true for many 
other diseases as well.

Eating our way to hospital 

The current animal-focused food system is driving an antibiotics apocalypse, while 
also increasing the occurrence of communicable and non-communicable food-related 
diseases and escalating the risk of future zoonotic pandemics. The consumption of animal-
based products thus intensifies the overall burden on the healthcare system, monopolising 
emergency capacities. It can also contribute to an individual’s chances of ending up in a high-
risk category when contracting an infectious disease such as COVID-19.

CONCLUSION

The recipe for disaster – 1 animal + 1 mutation + 1 human + 1 contact 
The recipe for disaster is surprisingly simple. A single mutation of a virus in a wild or farmed-animal 
species is sufficient to enable it to jump the species barrier and spread to humans. A single human 
interacting with a single animal who carries this mutated virus provides sufficient conditions for 
transmission to take place. Now, add a globalised world with international trade and travel in which 
a person can travel around the globe in 24 hours, making countless contacts with other people – 
and a global pandemic, with all its devastating effects, can become a reality.

GLOBAL PANDEMICAnimal-to-human
transmission

Human-to-human
transmission

Virus that is
easily transmitted
between species

Adapted from Kreuder et al. (2015)462

This is precisely how a virus that used to circulate among bats or pangolins in East Asia, without 
causing major harm, has now evolved to infect millions of people around the globe – causing 
extensive human suffering, along with social and economic disruption of immeasurable 
proportions. This development has been driven by what scientists have called “the human 
hand of pandemic emergence”. Neither the original virus nor its natural hosts are to blame for 
this – rather it is the impact of human interference on them and their environment.463 And 
it can happen again – at any time.

Because of human and livestock population growth, changes in livestock 
production, the emergence of worldwide agro-food networks, and 
significant changes in personal mobility, human populations increasingly 
share a global commons of disease risk, among themselves and with 
domestic and wild animal species”. 

FAO 2007464
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Three food-related human activities
There are three human activities – all related to our use of animals as food – that strongly 
encourage the emergence of zoonotic pandemics. Among them, intensified animal agriculture 
plays a key role since it functions as a large-scale zoonotic incubator, as well as a contributor 
to environmental degradation, loss of biodiversity, and climate change, and is the main driver 
of antimicrobial resistance. In addition, our animal-based food systems foster a host of food- 
and diet-related diseases that constitute not only a health problem in and of themselves, but 
also exacerbate the severity of pandemic impacts on individual and public health. 

This makes using animals as food – and intensified animal agriculture in particular – 
the most risky human behaviour in relation to pandemics – and one of the most risky 
behaviours in relation to the long-term survival of human society. 

Escalating risks and impacts
And the risks keep increasing. Not only are there far more lethal diseases than COVID-19 
that can become zoonotic and infect humans, suggesting the disastrous potential of future 
outbreaks, zoonotic pandemics are also predicted to become more frequent in the future 
due to the increasing production and consumption of animal-based foods. The world’s growing 
appetite for meat, eggs, dairy, and fish further escalates this development every single day – 
by further intrusions into ecosystems and natural habitats, by using ever more wild animals 
for food, and by cramming ever more farmed animals into large-scale production facilities. 
We are literally eating our way to the next pandemic.

Making the connection 
Thus far, little attention has been paid to the link between our outdated global food systems 
and the current and potential future pandemic crises. However, making this connection now is 
a crucial first step towards acknowledging the root cause of pandemics, as well as identifying 
solutions to reduce the risk of future outbreaks. 

Food systems change – a multiproblem solution on our plates
Moving away from animal agriculture and animal-based products can help preserve 
ecosystems and biodiversity, reduce interference with wild animal species, and remove the 
need for factory farms that provide hotbeds for zoonotic pandemic emergence and spread. 

Shifting to a better, more resilient, and sustainable global food system that replaces 
animal products with plant-based and cultured alternatives ranks among the best 
options. It provides a multiproblem solution that not only mitigates future pandemic risks, 
but also helps to minimise major parallel crises such as climate change, world hunger, 
and antibiotic resistance.

Part II
By making the connection between food and pandemics, Part I of this report also makes a 
strong case for immediate and decisive action. Part II will explore the food-related solution 
landscape that was already developing before the current crisis – and has been further 
accelerated by it. Looking at all relevant social sectors, the report will detail encouraging 
developments, emerging opportunities, and concrete calls-to-action in order to take 
this development to the next level. It aims to inspire much-needed action among decision 
makers in the high-potential field of food-systems change.

Along with human culpability, though, comes hope: If changes 
in human activity can cause new diseases, then changes in 
human activity may prevent them in the future.” 

Dr Michael Greger (2007)465

Picture by Patrick Poendl, Shutterstock Picture by Pressmaster, Shutterstock



Endnotes
1 Rogoff, K. (2020): The COVID-19 recession could be far worse than 2008 - here’s why. World Economic Forum. Available at https://www.weforum.org/agenda/2020/04/map-
ping-covid19-recession/. [Accessed: 20.5.2020]	

2 Spinney, L. (2020): Is factory farming to blame for coronavirus? The Guardian. Available at https://www.theguardian.com/world/2020/mar/28/is-factory-farm-
ing-to-blame-for-coronavirus. [Accessed: 1.4.2020]

3 OECD & FAO (2019): OECD-FAO Agricultural Outlook 2019-2028. OECD Publishing, Paris/ Food and Agriculture Organization of the United Nations, Rome. doi:10.1787/agr_out-
look-2019-en doi:10.1787/agr_outlook-2019-en	

4 VBio (2020): Wissenschaftsbarometer: Hohe Wertschätzung für wissenschaftliche Expertise in Zeiten von Corona. VBio - Verband Biologie, Biowissenschaften & Biomedizin in Deutschland. 
Available at https://www.vbio.de/aktuelles/coronavirus-news/wissenschaftsbarometer-hohe-wertschaetzung-fuer-wissenschaftliche-expertise-in-zeiten-von-corona/. [Accessed: 20.5.2020]

5 Morand, S., K. M. McIntyre & M. Baylis (2014): Domesticated animals and human infectious diseases of zoonotic origins: Domestication time matters. Infection, Genetics and 
Evolution 24. 76–81. doi:10.1016/j.meegid.2014.02.013

6 Wolfe, N. D., C. P. Dunavan & J. Diamond (2007): Origins of major human infectious diseases. Nature 447(7142), 279–283. doi:10.1038/nature05775

7 Weiss, R. A. (2001): The Leeuwenhoek Lecture 2001. Animal origins of human infectious disease. Philosophical Transactions of the Royal Society of London. Series B 356(1410), 
957–977. doi:10.1098/rstb.2001.0838

8 Johnson, C. K., P. L. Hitchens, P. S. Pandit, et al. (2020): Global shifts in mammalian population trends reveal key predictors of virus spillover risk. Proceedings of the Royal Society B: 
Biological Sciences 287(1924), 20192736. doi:10.1098/rspb.2019.2736	

9 Clay, N., T. Garnett & J. Lorimer (2020): Dairy intensification: Drivers, impacts and alternatives. Ambio 49(1), 35–48. doi:10.1007/s13280-019-01177-y

10 Gustafson, R. H. (1991): Use of Antibiotics in Livestock and Human Health Concerns. Journal of Dairy Science 74(4), 1428–1432. doi:10.3168/jds.S0022-0302(91)78299-4	

11 Bar-On, Y. M., R. Phillips & R. Milo (2018): The biomass distribution on Earth. Proceedings of the National Academy of Sciences 115(25), 6506–6511. doi:10.1073/pnas.1711842115

12 Pearce-Duvet, J. M. C. (2006): The origin of human pathogens: evaluating the role of agriculture and domestic animals in the evolution of human disease. Biological Reviews 
81(3), 369–382. doi:10.1017/S1464793106007020

13 Stone, A. C. (2020): Getting sick in the Neolithic. Nature Ecology & Evolution 4(3), Nature Publishing Group, 286–287. doi:10.1038/s41559-020-1115-8

14 Key, F. M., C. Posth, L. R. Esquivel-Gomez, et al. (2020): Emergence of human-adapted Salmonella enterica is linked to the Neolithization process. Nature Ecology & Evolution 
4(3), 324–333. doi:10.1038/s41559-020-1106-9	

15 Paez-Espino, D., E. A. Eloe-Fadrosh, G. A. Pavlopoulos, et al. (2016): Uncovering Earth’s virome. Nature 536(7617), 425–430. doi:10.1038/nature19094

16 Mokili, J. L., F. Rohwer & B. E. Dutilh (2012): Metagenomics and future perspectives in virus discovery. Current Opinion in Virology 2(1), 63–77. doi:10.1016/j.coviro.2011.12.004	

17 CDC (2020): Zoonotic Diseases. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/onehealth/basics/zoonotic-diseases.html. [Accessed: 17.4.2020]

18 Warren, C. J. & S. L. Sawyer (2019): How host genetics dictates successful viral zoonosis. PLOS Biology 17(4), e3000217. doi:10.1371/journal.pbio.3000217

19 Carroll, D., P. Daszak, N. D. Wolfe, et al. (2018): The Global Virome Project. Science 359(6378), American Association for the Advancement of Science, 872–874. doi:10.1126/science.aap7463

20 Woolhouse, M., F. Scott, Z. Hudson, et al. (2012): Human viruses: discovery and emergence. Philosophical Transactions of the Royal Society B: Biological Sciences 367(1604), 
2864–2871. doi:10.1098/rstb.2011.0354	

21 Belay, E. D., J. C. Kile, A. J. Hall, et al. (2017): Zoonotic Disease Programs for Enhancing Global Health Security. Emerging Infectious Diseases 23(13), doi:10.3201/eid2313.170544

22 Jones, K. E., N. G. Patel, M. A. Levy, et al. (2008): Global trends in emerging infectious diseases. Nature 451(7181), 990–993. doi:10.1038/nature06536

23 FAO Protecting people and animals from disease threats. Available at http://www.fao.org/emergencies/crisis/diseases/en/. [Accessed: 18.3.2020]

24 FAO (2009): The State of Food And Agriculture - Livestock in the Balance. Rome. Available at: http://www.fao.org/3/a-i0680e.pdf [Accessed: 18.03.2020]

25 Leibler, J. H., J. Otte, D. Roland-Holst, et al. (2009): Industrial Food Animal Production and Global Health Risks: Exploring the Ecosystems and Economics of Avian Influenza. 
EcoHealth 6(1), 58–70. doi:10.1007/s10393-009-0226-0	

26 UNEP (2016): UNEP Frontiers 2016 Report: Emerging Issues of Environmental Concern. United Nations Environment Programme, Nairobi

27 UN Environment (2020): Six nature facts related to coronaviruses. World Environment Day. Available at http://www.worldenvironmentday.global/six-nature-facts-related-coro-
naviruses [Accessed 29.04.2020]

28 CDC (2019): Prioritizing and Preventing Deadly Zoonotic Diseases. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/globalhealth/healthprotec-
tion/fieldupdates/winter-2017/prevent-zoonotic-diseases.html. [Accessed: 29.4.2020]

29 CDC (2019): Prioritizing and Preventing Deadly Zoonotic Diseases. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/globalhealth/healthprotec-
tion/fieldupdates/winter-2017/prevent-zoonotic-diseases.html. [Accessed: 29.04.2020]	

30 Ritchie, H. & M. Roser (2018): Causes of Death. Our World in Data. Available at https://ourworldindata.org/causes-of-death. [Accessed: 28.4.2020]

31 CDC (2019): Prioritizing and Preventing Deadly Zoonotic Diseases. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/globalhealth/health-
protection/fieldupdates/winter-2017/prevent-zoonotic-diseases.html. [Accessed: 29.04.2020]

32 Ritchie, H. & M. Roser (2018): Causes of Death. Our World in Data. Available at https://ourworldindata.org/causes-of-death. [Accessed: 28.4.2020]

33 Roser, M., H. Ritchie, E. Ortiz-Ospina, et al. (2020): Mortality Risk of COVID-19 - Statistics and Research. Our World in Data. Available at https://ourworldindata.org/mortality-risk-covid. [Accessed: 22.5.2020]

34 WHO (2020): Q&A: Influenza and COVID-19 - similarities and differences. World Health Organization. Available at https://www.who.int/news-room/q-a-detail/q-a-similarities-
and-differences-covid-19-and-influenza. [Accessed: 14.4.2020]

35 WHO (2018): Influenza (Avian and other zoonotic). World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/influenza-(avian-and-other-zoonotic). [Accessed: 9.4.2020]

36 WHO FAQs: H5N1 influenza. World Health Organization. World Health Organization, Available at https://www.who.int/influenza/human_animal_interface/avian_influenza/
h5n1_research/faqs/en/. [Accessed: 10.4.2020]	

37 Xiang, N. (2016): Assessing Change in Avian Influenza A(H7N9) Virus Infections During the Fourth Epidemic — China, September 2015–August 2016. MMWR. Morbidity and 
Mortality Weekly Report 65 doi:10.15585/mmwr.mm6549a2

38 WHO (2018): Influenza (Avian and other zoonotic). World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/influenza-(avian-and-other-zoonotic). [Accessed: 9.4.2020]

39 Taubenberger, J. K. & D. M. Morens (2006): 1918 Influenza: the Mother of All Pandemics. Emerging Infectious Diseases 12(1), 15–22. doi:10.3201/eid1201.050979	

40 Gibbs, M. J. & A. J. Gibbs (2006): Was the 1918 pandemic caused by a bird flu? Nature 440(7088), E8–E8. doi:10.1038/nature04823

41 Gibbs, A. J., J. S. Armstrong & J. C. Downie (2009): From where did the 2009 ‘swine-origin’ influenza A virus (H1N1) emerge? Virology Journal 6(1), 207. doi:10.1186/1743-422X-6-207

42 Kelly, H., H. A. Peck, K. L. Laurie, et al. (2011): The Age-Specific Cumulative Incidence of Infection with Pandemic Influenza H1N1 2009 Was Similar in Various Countries Prior to 
Vaccination. PLOS ONE 6(8), e21828. doi:10.1371/journal.pone.0021828

43 CDC (2012): First Global Estimates of 2009 H1N1 Pandemic Mortality Released by CDC-Led Collaboration. CDC - Centers for Disease Control and Prevention. Available at 
https://www.cdc.gov/flu/spotlights/pandemic-global-estimates.htm. [Accessed: 13.5.2020]	

44 CDC (2018): Bovine Spongiform Encephalopathy (BSE), or Mad Cow Disease - About BSE. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.
gov/prions/bse/about.html. [Accessed: 20.5.2020]	

45 WHO (2002): Understanding the BSE threat. World Health Organization. Available at https://apps.who.int/iris/bitstream/handle/10665/67749/WHO_CDS_CSR_
EPH_2002.6.pdf?sequence=1. [Accessed: 26.5.2020]	

46 CDC (2019): Variant Creutzfeldt-Jakob Disease (vCJD). CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/prions/vcjd/index.html. [Accessed: 20.5.2020]	

47 Institute of Medicine (2006): Addressing Foodborne Threats to Health: Policies, Practices, and Global Coordination: Workshop Summary. National Academies Press. Washington, D.C. p.201	

48 Tansey, J. T. (2020): Biochemistry - An Integrative Approach. John Wiley & Sons, Hoboken, NJ. p.84	

49 Darnton, J. (1996): Europe Orders Ban on Exports Of British Beef. The New York Times. Available at: https://www.nytimes.com/1996/03/28/world/europe-orders-ban-on-
exports-of-british-beef.html [Accessed: 10.06.2020]	

50 European Commission (2006): BSE: UK beef embargo to be lifted. European Commission. Available at https://ec.europa.eu/commission/presscorner/detail/en/IP_06_278. [Accessed: 10.06.2020]

51 GOV.UK (2019): Japan opens market to British beef and lamb. GOV.UK. Available at https://www.gov.uk/government/news/japan-opens-market-to-british-beef-and-lamb. [Accessed: 8.6.2020]

52 National Foundation for Infectious Diseases (2020): Coronaviruses. National Foundation for Infectious Diseases. Available at https://www.nfid.org/infectious-diseases/coro-
naviruses/. [Accessed: 20.5.2020]	

53 Al-Khannaq, M. N., K. T. Ng, X. Y. Oong, et al. (2016): Diversity and Evolutionary Histories of Human Coronaviruses NL63 and 229E Associated with Acute Upper Respiratory 
Tract Symptoms in Kuala Lumpur, Malaysia. The American Journal of Tropical Medicine and Hygiene 94(5), 1058–1064. doi:10.4269/ajtmh.15-0810	

54 Liu, D. X., J. Q. Liang & T. S. Fung (2020): Human Coronavirus-229E, -OC43, -NL63, and -HKU1. Reference Module in Life Sciences doi:10.1016/B978-0-12-809633-8.21501-X

55 Mesel-Lemoine, M., J. Millet, P.-O. Vidalain, et al. (2012): A Human Coronavirus Responsible for the Common Cold Massively Kills Dendritic Cells but Not Monocytes. Journal 
of Virology 86(14), 7577–7587. doi:10.1128/JVI.00269-12	

56 Kahn, J. S. & K. McIntosh (2005): History and Recent Advances in Coronavirus Discovery. The Pediatric Infectious Disease Journal 24(11), S223. doi:10.1097/01.inf.0000188166.17324.60	

57 Peiris, J. S. M., K. Y. Yuen, A. D. M. E. Osterhaus, et al. (2003): The Severe Acute Respiratory Syndrome. New England Journal of Medicine 349(25), 2431–2441. doi:10.1056/NEJMra032498	

58 Chan-Yeung, M. & R.-H. Xu (2003): SARS: epidemiology. Respirology 8(s1), S9–S14. doi:10.1046/j.1440-1843.2003.00518.x	

59 CDC (2019): Middle East Respiratory Syndrome (MERS) - About MERS. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/coronavirus/
mers/about/index.html. [Accessed: 22.4.2020]	

60 Cui, J., F. Li & Z.-L. Shi (2019): Origin and evolution of pathogenic coronaviruses. Nature Reviews Microbiology 17(3), 181–192. doi:10.1038/s41579-018-0118-9	

61 Li, W. (2005): Bats Are Natural Reservoirs of SARS-Like Coronaviruses. Science 310(5748), 676–679. doi:10.1126/science.1118391	

62 Memish, Z. A., N. Mishra, K. J. Olival, et al. (2013): Middle East Respiratory Syndrome Coronavirus in Bats, Saudi Arabia. Emerging Infectious Diseases 19(11). doi:10.3201/eid1911.131172	

63 Wang, L.-F. & D. E. Anderson (2019): Viruses in bats and potential spillover to animals and humans. Current Opinion in Virology 34, 79–89. doi:10.1016/j.coviro.2018.12.007	

64 Epstein, J. H., H. E. Field, S. Luby, et al. (2006): Nipah virus: impact, origins, and causes of emergence. Current Infectious Disease Reports 8(1), 59–65. doi:10.1007/s11908-006-0036-2	

65 Looi, L.-M. & K.-B. Chua (2007): Lessons from the Nipah virus outbreak in Malaysia. Malays J Pathol. 29, 63–67	

66 Kurup, A. (2002): From Bats to Pigs to Man: the Story of Nipah Virus. Infectious Diseases in Clinical Practice 11(2), 52–57.

67 WHO (2018): Nipah virus. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/nipah-virus. [Accessed: 5.5.2020]

68 CDC (2018): History of Ebola Virus Disease. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/vhf/ebola/history/summaries.html. [Accessed: 25.3.2020

69 WHO (2015): Origins of the 2014 Ebola epidemic. World Health Organization. World Health Organization, Available at http://www.who.int/entity/csr/disease/ebola/one-year-
report/virus-origin/en/index.html. [Accessed: 15.5.2020]	

70 WHO (2020): Ebola virus disease. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease. [Accessed: 10.4.2020]	

71 The AIDS Institute: Where did HIV come from? Available at https://www.theaidsinstitute.org/education/aids-101/where-did-hiv-come-0. [Accessed: 12.5.2020]

72 CDC (2019): About HIV/AIDS | HIV Basics | HIV/AIDS. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/hiv/basics/whatishiv.html. [Accessed: 20.5.2020]

73 Greene, W. C. (2007): A history of AIDS: looking back to see ahead. European Journal of Immunology 37 Suppl 1 S94-102. doi:10.1002/eji.200737441

74 Sharp, P. M. & B. H. Hahn (2011): Origins of HIV and the AIDS Pandemic. Cold Spring Harbor Perspectives in Medicine 1(1), a006841–a006841. doi:10.1101/cshperspect.a006841

75 Avert (2019): Origin of HIV & AIDS. Avert. Available at https://www.avert.org/professionals/history-hiv-aids/origin. [Accessed: 20.5.2020]	

76 CDC (2006): The Global HIV/AIDS Pandemic, 2006. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/mmwr/preview/mmwrhtml/
mm5531a1.htm. [Accessed: 20.5.2020]	

77 Becerra, J. C., L. S. Bildstein & J. S. Gach (2016): Recent Insights into the HIV/AIDS Pandemic. Microbial Cell 3(9), 451–475. doi:10.15698/mic2016.09.52

78 Avert (2020): Global HIV and AIDS statistics. Avert. Available at https://www.avert.org/global-hiv-and-aids-statistics. [Accessed: 12.5.2020]

79 Banyard, A. C., J. S. Evans, T. R. Luo, et al. (2014): Lyssaviruses and Bats: Emergence and Zoonotic Threat. Viruses 6(8), 2974–2990. doi:10.3390/v6082974	

80 WHO Collaborating Centre for Rabies Research and Surveillance: Epidemiology of Rabies. Rabies - Bulletin - europe. Available at https://www.who-rabies-bulletin.org/site-
page/epidemiology-rabies. [Accessed: 20.5.2020]	

81 Arai, Y. T. (2005): Epidemiology of rabies virus and other lyssaviruses. Nihon Rinsho. Japanese Journal of Clinical Medicine 63(12), 2167–2172.	

82 Kingsley, D. H. (2016): Emerging Foodborne and Agriculture-Related Viruses. Microbiology Spectrum 4(4), doi:10.1128/microbiolspec.PFS-0007-2014	

83 Loy, D. E., W. Liu, Y. Li, et al. (2017): Out of Africa: origins and evolution of the human malaria parasites Plasmodium falciparum and Plasmodium vivax. International journal for 
parasitology 47(2–3), 87–97. doi:10.1016/j.ijpara.2016.05.008	

84 WHO (2019): World malaria report 2019. World Health Organization, Geneva	

85 WHO (2020): Fact sheet about Malaria. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/malaria. [Accessed: 20.5.2020]	

86 Wormser, G. P., R. J. Dattwyler, E. D. Shapiro, et al. (2006): The clinical assessment, treatment, and prevention of lyme disease, human granulocytic anaplasmosis, and babesi-
osis: clinical practice guidelines by the Infectious Diseases Society of America. Clinical Infectious Diseases: An Official Publication of the Infectious Diseases Society of America 
43(9), 1089–1134. doi:10.1086/508667	

87 Lane, R. S., J. Piesman & W. Burgdorfer (1991): Lyme Borreliosis: Relation of Its Causative Agent to Its Vectors and Hosts in North America and Europe. Annual Review of 
Entomology 36(1), 587–609. doi:10.1146/annurev.en.36.010191.003103	

88 CDC (2019): Lyme disease data and surveillance. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/lyme/datasurveillance/index.html. [Accessed: 13.5.2020]

89 invest EU (2019): Fast diagnosis of Lyme disease. investEU - European Commission. Available at https://europa.eu/investeu/projects/fast-diagnosis-lyme-disease_en. [Accessed: 20.5.2020]



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

91 Caminade, C., K. M. McIntyre & A. E. Jones (2019): Impact of recent and future climate change on vector‐borne diseases. Annals of the New York Academy of Sciences 1436(1), 157–173. doi:10.1111/nyas.13950

92 António, D. C., I. Sanseverino, L. Pozzoli, et al. (2018): Toward Climate Change Impact: Vectors carrying viral infection: What we should know. EUR 29001 EN. Publications Office 
of the European Union, Luxembourg	

93 Dick, G. W. A., S. F. Kitchen & A. J. Haddow (1952): Zika Virus (I). Isolations and serological specificity. Transactions of The Royal Society of Tropical Medicine and Hygiene 
46(5), Oxford Academic, 509–520. doi:10.1016/0035-9203(52)90042-4	

94 Fauci, A. S. & D. M. Morens (2016): Zika Virus in the Americas — Yet Another Arbovirus Threat. New England Journal of Medicine 374(7), 601–604. doi:10.1056/NEJMp1600297	

95 Coelho, A. V. C. & S. Crovella (2017): Microcephaly Prevalence in Infants Born to Zika Virus-Infected Women: A Systematic Review and Meta-Analysis. International Journal of 
Molecular Sciences 18(8), doi:10.3390/ijms18081714	

96 WHO (2016): WHO statement on the first meeting of the International Health Regulations (2005) (IHR 2005) Emergency Committee on Zika virus and observed increase in neurological 
disorders and neonatal malformations. World Health Organization. Available at https://www.who.int/news-room/detail/01-02-2016-who-statement-on-the-first-meeting-of-the-internation-
al-health-regulations-(2005)-(ihr-2005)-emergency-committee-on-zika-virus-and-observed-increase-in-neurological-disorders-and-neonatal-malformations. [Accessed: 20.5.2020]

97 WHO (2020): Strengthening research in an epidemic: Zika in Latin America. World Health Organization. Available at https://www.who.int/news-room/detail/24-01-2020-
strengthening-research-in-an-epidemic-zika-in-latin-america. [Accessed: 20.5.2020]	

98 Noor, R. & T. Ahmed (2018): Zika virus: Epidemiological study and its association with public health risk. Journal of Infection and Public Health 11(5), 611–616. doi:10.1016/j.jiph.2018.04.007	

99 Wolfe, N. D., C. P. Dunavan & J. Diamond (2007): Origins of major human infectious diseases. Nature 447(7142), 279–283. doi:10.1038/nature05775	

100 Fischer, R. S. B. (2020): What’s the difference between pandemic, epidemic and outbreak? The Conversation. Available at http://theconversation.com/whats-the-difference-between-pan-
demic-epidemic-and-outbreak-133048. [Accessed: 20.5.2020]	

101 Spyrou, M. A., M. Keller, R. I. Tukhbatova, et al. (2019): Phylogeography of the second plague pandemic revealed through analysis of historical Yersinia pestis genomes. Nature 
Communications 10(1), doi:10.1038/s41467-019-12154-0	

102 Huremović,D. (2019): Brief History of Pandemics (Pandemics Throughout History). in Psychiatry of Pandemics: A Mental Health Response to Infection Outbreak. (ed. Huremović, D.) 
Springer International Publishing p.7–35 doi:10.1007/978-3-030-15346-5_2	

103 WHO (2017): Plague. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/plague. [Accessed: 13.5.2020]	

104 Taubenberger, J. K. & D. M. Morens (2006): 1918 Influenza: the Mother of All Pandemics. Emerging Infectious Diseases 12(1), 15–22. doi:10.3201/eid1201.050979	

105 CDC (2019): 1918 Pandemic (H1N1 virus) | Pandemic Influenza (Flu) | CDC. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/flu/pandem-
ic-resources/1918-pandemic-h1n1.html. [Accessed: 20.5.2020]	

106 CDC (2012): First Global Estimates of 2009 H1N1 Pandemic Mortality Released by CDC-Led Collaboration. CDC - Centers for Disease Control and Prevention. Available at https://
www.cdc.gov/flu/spotlights/pandemic-global-estimates.htm. [Accessed: 13.5.2020]	

107 Trifonov, V., H. Khiabanian & R. Rabadan (2009): Geographic Dependence, Surveillance, and Origins of the 2009 Influenza A (H1N1) Virus. New England Journal of Medicine 361(2), 
Massachusetts Medical Society, 115–119. doi:10.1056/NEJMp0904572

108 Cronk, R. & J. Bartram (2018): Environmental conditions in health care facilities in low- and middle-income countries: Coverage and inequalities. International Journal of Hygiene and 
Environmental Health 221(3), 409–422. doi:10.1016/j.ijheh.2018.01.004

109 Erasmus, V., T. J. Daha, H. Brug, et al. (2010): Systematic Review of Studies on Compliance with Hand Hygiene Guidelines in Hospital Care. Infection Control & Hospital Epi-
demiology 31(3), 283–294. doi:10.1086/650451	

110 Suetens, C., K. Latour, T. Kärki, et al. (2018): Prevalence of healthcare-associated infections, estimated incidence and composite antimicrobial resistance index in acute care hospitals 
and long-term care facilities: results from two European point prevalence surveys, 2016 to 2017. Eurosurveillance. 23, European Centre for Disease Prevention and Control p.1800516

111 Smith, K. F., M. Goldberg, S. Rosenthal, et al. (2014): Global rise in human infectious disease outbreaks. Journal of The Royal Society Interface 11(101), 20140950. doi:10.1098/rsif.2014.0950	

112 Global Preparedness Monitoring Board (2019): A world at risk: annual report on global preparedness for health emergencies. World Health Organization, Geneva. https://apps.who.
int/gpmb/assets/annual_report/GPMB_Annual_Report_English.pdf	

113 Afelt, A., R. Frutos & C. Devaux (2018): Bats, Coronaviruses, and Deforestation: Toward the Emergence of Novel Infectious Diseases? Frontiers in Microbiology 9, doi:10.3389/
fmicb.2018.00702	

114 Li, H., E. Mendelsohn, C. Zong, et al. (2019): Human-animal interactions and bat coronavirus spillover potential among rural residents in Southern China. Biosafety and Health. 
2019;1(2):84-90. doi:10.1016/j.bsheal.2019.10.004	

115 Cheng, V. C. C., S. K. P. Lau, P. C. Y. Woo, et al. (2007): Severe Acute Respiratory Syndrome Coronavirus as an Agent of Emerging and Reemerging Infection. Clinical Microbi-
ology Reviews 20(4), 660–694. doi:10.1128/CMR.00023-07	

116 Global Preparedness Monitoring Board (2019): A world at risk: annual report on global preparedness for health emergencies. World Health Organization, Geneva. Available at https://
apps.who.int/gpmb/assets/annual_report/GPMB_Annual_Report_English.pdf [Accessed: 20.05.2020]	

117 Johns Hopkins University & Medicine: Hubei Timeline. Johns Hopkins Coronavirus Resource Center. Available at https://coronavirus.jhu.edu/data/hubei-timeline. [Accessed: 24.4.2020]	

118 Johns Hopkins University & Medicine (2020): COVID-19 Map. Johns Hopkins Coronavirus Resource Center. Available at https://coronavirus.jhu.edu/map.html. [Accessed: 12.5.2020]

119 Johns Hopkins University & Medicine (2020): COVID-19 Map. Johns Hopkins Coronavirus Resource Center. Available at https://coronavirus.jhu.edu/map.html. [Accessed: 12.5.2020]

120 Riou, J. & C. L. Althaus (2020): Pattern of early human-to-human transmission of Wuhan 2019 novel coronavirus (2019-nCoV), December 2019 to January 2020. Eurosurveil-
lance 25(4), doi:10.2807/1560-7917.ES.2020.25.4.2000058	

121 Woodward, A. The Chinese CDC now says the coronavirus didn’t jump to people at the Wuhan wet market — instead, it was the site of a superspreader event. Business Insider. 
Available at https://www.businessinsider.com/coronavirus-did-not-jump-wuhan-market-chinese-cdc-says-2020-5. [Accessed: 19.6.2020]

122 Cui, J., F. Li & Z.-L. Shi (2019): Origin and evolution of pathogenic coronaviruses. Nature Reviews Microbiology 17(3), 181–192. doi:10.1038/s41579-018-0118-9	

123 Li, W., Z. Shi, M. Yu, et al. (2005): Bats are natural reservoirs of SARS-like coronaviruses. Science (New York, N.Y.) 310(5748), 676–679. doi:10.1126/science.1118391

124 Memish, Z. A., N. Mishra, K. J. Olival, et al. (2013): Middle East Respiratory Syndrome Coronavirus in Bats, Saudi Arabia. Emerging Infectious Diseases 19(11), doi:10.3201/eid1911.131172

125 Wang, L.-F. & D. E. Anderson (2019): Viruses in bats and potential spillover to animals and humans. Current Opinion in Virology 34, 79–89. doi:10.1016/j.coviro.2018.12.007

126 Andersen, K. G., A. Rambaut, W. I. Lipkin, et al. (2020): The proximal origin of SARS-CoV-2. Nature Medicine 26(4), 450–452. doi:10.1038/s41591-020-0820-9	

127 Zhang, T., Q. Wu & Z. Zhang (2020): Probable Pangolin Origin of SARS-CoV-2 Associated with the COVID-19 Outbreak. Current Biology 30(7), 1346-1351.e2. doi:10.1016/j.cub.2020.03.022

128 Andersen, K. G., A. Rambaut, W. I. Lipkin, et al. (2020): The proximal origin of SARS-CoV-2. Nature Medicine 26(4), 450–452. doi:10.1038/s41591-020-0820-9

129 Andersen, K. G., A. Rambaut, W. I. Lipkin, et al. (2020): The proximal origin of SARS-CoV-2. Nature Medicine 26(4), 450–452. doi:10.1038/s41591-020-0820-9	

130 Johns Hopkins University & Medicine (2020): COVID-19 Map. Johns Hopkins Coronavirus Resource Center. Available at https://coronavirus.jhu.edu/map.html. [Accessed: 05.07.2020]

131 WHO (2020): Q&A: Influenza and COVID-19 - similarities and differences. World Health Organization. Available at https://www.who.int/news-room/q-a-detail/q-a-similarities-
and-differences-covid-19-and-influenza. [Accessed: 14.4.2020]	

132 WHO FAQs: H5N1 influenza. World Health Organization. World Health Organization, Available at https://www.who.int/influenza/human_animal_interface/avian_influenza/
h5n1_research/faqs/en/. [Accessed: 10.04.2020]	

133 WHO (2020): Ebola virus disease. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease. [Accessed: 10.4.2020]

134 WHO (2020): Q&A: Influenza and COVID-19 - similarities and differences. World Health Organization. Available at https://www.who.int/news-room/q-a-detail/q-a-similarities-
and-differences-covid-19-and-influenza. [Accessed: 14.4.2020]	

135 Johns Hopkins University & Medicine (2020): COVID-19 Map. Johns Hopkins Coronavirus Resource Center. Available at https://coronavirus.jhu.edu/map.html. [Accessed: 20.6.2020]

136 WHO FAQs: H5N1 influenza. World Health Organization. World Health Organization, Available at https://www.who.int/influenza/human_animal_interface/avian_influenza/
h5n1_research/faqs/en/. [Accessed: 10.04.2020]	

137 Settele, J., S. Diaz, E. Brondizio & P. Daszak (2020): IPBES Guest Article: COVID-19 Stimulus Measures Must Save Lives, Protect Livelihoods, and Safeguard Nature to Reduce the Risk of Future 
Pandemics. IPBES. Available at https://ipbes.net/covid19stimulus. [Accessed: 20.5.2020]	

138 Dalton, J. (2020): Coronavirus: Pandemics will be worse and more frequent unless we stop exploiting Earth and animals, top scientists warn. The Independent. Available at 
https://www.independent.co.uk/environment/coronavirus-pandemic-virus-disease-wildlife-environment-farming-infectious-a9487926.html. [Accessed: 5.5.2020]	

139 Molyneux, D., Z. Hallaj, G. T. Keusch, et al. (2011): Zoonoses and marginalised infectious diseases of poverty: Where do we stand? Parasites & Vectors 4 106. doi:10.1186/1756-3305-4-106	

140 Spangher, L. & C. G. T. Fellow (400AD): The Overlooked Plight of Factory Farm Workers. HuffPost. Available at https://www.huffpost.com/entry/plight-of-factory-farm-work-
ers_b_5662261. [Accessed: 20.4.2020]	

141 Seimenis, A. (2012): Zoonoses and poverty - a long road to the alleviation of suffering. Veterinaria Italiana 48(1), 5–13.	

142 Food and Agriculture Organization, OIE - World Organisation for Animal Health, World Health Organization, Zoonoses and Foodborne Diseases Department of Food Safety 
(2006): The Control of neglected zoonotic diseases: a route to poverty alleviation, report of a joint WHO/DFID-AHP meeting, 20 and 21 September 2005, WHO Headquarters, 
Geneva, with the participation of FAO and OIE. World Health Organization, Geneva, Switzerland	

143 OECD & FAO (2019): OECD-FAO Agricultural Outlook 2019-2028. OECD Publishing, Paris/ Food and Agriculture Organization of the United Nations, Rome. doi:10.1787/
agr_outlook-2019-en doi:10.1787/agr_outlook-2019-en	

144 Settele, J., S. Diaz, E. Brondizio & P. Daszak (2020): IPBES Guest Article: COVID-19 Stimulus Measures Must Save Lives, Protect Livelihoods, and Safeguard Nature to Reduce the Risk of Future 
Pandemics. IPBES. Available at https://ipbes.net/covid19stimulus. [Accessed: 20.5.2020]	

145  Ceballos, G., P. R. Ehrlich & R. Dirzo (2017): Biological annihilation via the ongoing sixth mass extinction signaled by vertebrate population losses and declines. Proceedings of 
the National Academy of Sciences 114(30), E6089–E6096. doi:10.1073/pnas.1704949114	

146 IPBES (2018): The IPBES assessment report on land degradation and restoration. Montanarella, L., Scholes, R., and Brainich, A. (eds.). Secretariat of the Intergovernmental Sci-
ence-Policy Platform on Biodiversity and Ecosystem Services. Bonn, Germany. p.69	

147 Machovina, B., K. J. Feeley & W. J. Ripple (2015): Biodiversity conservation: The key is reducing meat consumption. Science of The Total Environment 536 419–431. doi:10.1016/j.scitotenv.2015.07.022

148 Olival, K. J., P. R. Hosseini, C. Zambrana-Torrelio, et al. (2017): Host and viral traits predict zoonotic spillover from mammals. Nature 546(7660), 646–650. doi:10.1038/nature22975

149 Jones, K.E., N.G. Patel, M.A. Levy et al. (2008): Global trends in emerging infectious diseases. Nature, 451, 990-993. https://doi.org/10.1038/nature06536

150 Hassell, J. M., M. Begon, M. J. Ward, et al. (2017): Urbanization and Disease Emergence: Dynamics at the Wildlife–Livestock–Human Interface. Trends in Ecology & Evolution 
32(1), 55–67. doi:10.1016/j.tree.2016.09.012	

151 United Nations (2011): Sustainable Development Goals – 15 Life on Land. Available at: https://www.un.org/sustainabledevelopment/biodiversity/ [accessed on 25.02.2020]

152 Kissinger, G., M. Herold & De Sy, Veronique (2012): Drivers of Deforestation and Forest Degradation: A Synthesis Report for REDD+ Policymakers. Lexeme Consulting, p.12	
153 Poore, J. & T. Nemecek (2018): Reducing food’s environmental impacts through producers and consumers. Science 360(6392), 987–992. doi:10.1126/science.aaq0216

154 Vidal, J. (2020): ‘Tip of the iceberg’: is our destruction of nature responsible for Covid-19? The Guardian. Available at https://www.theguardian.com/environment/2020/mar/18/tip-of-the-
iceberg-is-our-destruction-of-nature-responsible-for-covid-19-aoe. [Accessed: 31.3.2020]	

155 Kissinger, G., M. Herold & De Sy, Veronique (2012): Drivers of Deforestation and Forest Degradation: A Synthesis Report for REDD+ Policymakers. Lexeme Consulting, Vancouver Canada

156 FAO (2018): The State of the World’s Forests 2018 - Forest pathways to sustainable development. FAO, Rome	

157 Curtis, P. G., C. M. Slay, N. L. Harris, et al. (2018): Classifying drivers of global forest loss. Science 361(6407), 1108–1111. doi:10.1126/science.aau3445	

158 Poore, J. & T. Nemecek (2018): Reducing food’s environmental impacts through producers and consumers. Science 360(6392), 987–992. doi:10.1126/science.aaq0216	

159 Maxwell, S. L., R. A. Fuller, T. M. Brooks, et al. (2016): Biodiversity: The ravages of guns, nets and bulldozers. Nature 536(7615), 143–145. doi:10.1038/536143a	

160 Machovina, B., K. J. Feeley & W. J. Ripple (2015): Biodiversity conservation: The key is reducing meat consumption. Science of The Total Environment 536 419–431. doi:10.1016/j.scitotenv.2015.07.022

161 UNESCO & UN-Water (2020): United Nations World Water Development Report 2020: Water and Climate Change. UNESCO, Paris. p. 5	

162 Ritchie, H. & M. Roser (2019): Land Use. Our World in Data. Available at https://ourworldindata.org/land-use. [Accessed: 22.5.2020]	

163 Poore, J. & T. Nemecek (2018): Reducing food’s environmental impacts through producers and consumers. Science 360(6392), 987–992. doi:10.1126/science.aaq0216

164 Pimentel, D. & M. Pimentel (2003): Sustainability of meat-based and plant-based diets and the environment. The American Journal of Clinical Nutrition 78(3), Oxford Ac-
ademic, 660S-663S. doi:10.1093/ajcn/78.3.660S

165 Boyd, C. E. Protein conversion efficiency in aquaculture « Global Aquaculture Advocate. Global Aquaculture Alliance. Available at https://www.aquaculturealliance.org/advocate/
protein-conversion-efficiency-in-aquaculture/. [Accessed: 20.5.2020]

166 Shepon, A., G. Eshel, E. Noor, et al. (2016): Energy and protein feed-to-food conversion efficiencies in the US and potential food security gains from dietary changes. Environmental 
Research Letters 11(10), IOP Publishing, 105002. doi:10.1088/1748-9326/11/10/105002	

167 Alexander, P., C. Brown, A. Arneth, et al. (2016): Human appropriation of land for food: The role of diet. Global Environmental Change. 41, p.88–98	

168 Shepon, A., G. Eshel, E. Noor, et al. (2018): The opportunity cost of animal based diets exceeds all food losses. PNAS. 115, National Academy of Sciences p.3804–3809

169 Shepon, A., G. Eshel, E. Noor, et al. (2016): Energy and protein feed-to-food conversion efficiencies in the US and potential food security gains from dietary changes. Environmental 
Research Letters 11(10), IOP Publishing, 105002. doi:10.1088/1748-9326/11/10/105002	

170 Based on FAO (2017): Global Livestock Environmental Assessment Model (GLEAM). Rome. Available at: http://www.fao.org/gleam/results/en/ and IPCC (2014): Climate 
Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, 
R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland	

171 Poore, J. & T. Nemecek (2018): Reducing food’s environmental impacts through producers and consumers. Science 360(6392), 987–992. doi:10.1126/science.aaq0216	

172 FAO (2019) Water use in livestock production systems and supply chains - Guidelines for assessment (Version 1). Livestock Environmental Assessment and Performance (LEAP) Partnership. Rome.	

173 Rohr, J. R., D. J. Civitello, F. W. Halliday, et al. (2020): Towards common ground in the biodiversity–disease debate. Nature Ecology & Evolution 4(1), 24–33. doi:10.1038/s41559-019-1060-6	

174 Mollentze, N. & D. G. Streicker (2020): Viral zoonotic risk is homogenous among taxonomic orders of mammalian and avian reservoir hosts. Proceedings of the National 
Academy of Sciences 117(17), 9423–9430. doi:10.1073/pnas.1919176117	

175 Keesing, F., L. K. Belden, P. Daszak, et al. (2010): Impacts of biodiversity on the emergence and transmission of infectious diseases. Nature 468(7324), 647–652. doi:10.1038/nature09575

176 Khalil, H., F. Ecke, M. Evander, et al. (2016): Declining ecosystem health and the dilution effect. Scientific Reports 6(1), doi:10.1038/srep31314	

177 Rohr, J. R., D. J. Civitello, F. W. Halliday, et al. (2020): Towards common ground in the biodiversity–disease debate. Nature Ecology & Evolution 4(1), 24–33. doi:10.1038/s41559-019-1060-6	



178 Civitello, D. J., J. Cohen, H. Fatima, et al. (2015): Biodiversity inhibits parasites: Broad evidence for the dilution effect. Proceedings of the National Academy of Sciences 112(28), 
8667–8671. doi:10.1073/pnas.1506279112	

179 Rohr, J. R., D. J. Civitello, F. W. Halliday, et al. (2020): Towards common ground in the biodiversity–disease debate. Nature Ecology & Evolution 4(1), 24–33. doi:10.1038/s41559-019-1060-6

180 Keesing, F., L. K. Belden, P. Daszak, et al. (2010): Impacts of biodiversity on the emergence and transmission of infectious diseases. Nature 468(7324), 647–652. doi:10.1038/nature09575

181 King, K. C. & C. M. Lively (2012): Does genetic diversity limit disease spread in natural host populations? Heredity 109(4), 199–203. doi:10.1038/hdy.2012.33

182 Parrish, C. R., E. C. Holmes, D. M. Morens, et al. (2008): Cross-Species Virus Transmission and the Emergence of New Epidemic Diseases. Microbiology and Molecular Biology 
Reviews 72(3), 457–470. doi:10.1128/MMBR.00004-08	

183 Johnson, C. K., P. L. Hitchens, P. S. Pandit, et al. (2020): Global shifts in mammalian population trends reveal key predictors of virus spillover risk. Proceedings of the Royal Society B: 
Biological Sciences 287(1924), 20192736. doi:10.1098/rspb.2019.2736	

184 Carrington, D. (2020): Coronavirus: 'Nature is sending us a message’, says UN environment chief. The Guardian. Available at https://www.theguardian.com/world/2020/mar/25/
coronavirus-nature-is-sending-us-a-message-says-un-environment-chief. [Accessed: 30.3.2020]

185 Redding, D. W., L. M. Moses, A. A. Cunningham, et al. (2016): Environmental-mechanistic modelling of the impact of global change on human zoonotic disease emergence: a case study 
of Lassa fever. Methods in Ecology and Evolution 7(6), 646–655. doi:10.1111/2041-210X.12549	

186 Mills, J. N., K. L. Gage & A. S. Khan (2010): Potential Influence of Climate Change on Vector-Borne and Zoonotic Diseases: A Review and Proposed Research Plan. Environ-
mental Health Perspectives 118(11), 1507–1514. doi:10.1289/ehp.0901389	

187 Slenning, B. D. (2010): Global Climate Change and Implications for Disease Emergence. Veterinary Pathology 47(1), 28–33. doi:10.1177/0300985809354465	

188 Ogden, L. E. (2018): Climate change, pathogens, and people. BioScience 68(10), 733–739. doi:10.1093/biosci/biy101	

189 WHO (2018): Climate change and health. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health. [Accessed: 20.5.2020]

190 Jordan, R. (2019): How does climate change affect disease? Stanford University - Stanford Earth School of Earth, Energy & Environmental Sciences. Available at https://earth.
stanford.edu/news/how-does-climate-change-affect-disease. [Accessed: 20.4.2020]	

191 Wu, X., Y. Lu, S. Zhou, et al. (2016): Impact of climate change on human infectious diseases: Empirical evidence and human adaptation. Environment International 86 14–23. doi:10.1016/j.envint.2015.09.007

192 Peters, A., P. Vetter, C. Guitart, et al. (2020): Understanding the emerging coronavirus: what it means for health security and infection prevention. Journal of Hospital Infection 
104(4), 440–448. doi:10.1016/j.jhin.2020.02.023	

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

194 Caminade, C., K. M. McIntyre & A. E. Jones (2019): Impact of recent and future climate change on vector‐borne diseases. Annals of the New York Academy of Sciences 1436(1), 
157–173. doi:10.1111/nyas.13950	

195 Based on FAO (2017): Global Livestock Environmental Assessment Model (GLEAM). Rome. Available at: http://www.fao.org/gleam/results/en/ and IPCC (2014): Climate 
Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, 
R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland	

196 Wu, X., Y. Lu, S. Zhou, et al. (2016): Impact of climate change on human infectious diseases: Empirical evidence and human adaptation. Environment International 86 14–23. 
doi:10.1016/j.envint.2015.09.007	

197 Food and Agriculture Organization of the United Nations (2020): Livestock primary. FAOSTAT Database. Rome, Italy. Available at: http://www.fao.org/faostat/en/#data/QL [Accessed: 26.06.2020]

198 Greenfield, P. (2020): Ban wildlife markets to avert pandemics, says UN biodiversity chief. The Guardian. Available at https://www.theguardian.com/world/2020/apr/06/ban-live-ani-
mal-markets-pandemics-un-biodiversity-chief-age-of-extinction. [Accessed: 24.4.2020]	

199 Bharucha, Z. & J. Pretty (2010): The roles and values of wild foods in agricultural systems. Philosophical Transactions of the Royal Society B: Biological Sciences 365(1554), 
2913–2926. doi:10.1098/rstb.2010.0123	

200 Nellemann, C., R. Henriksen, A. Kreilhuber, et al. (2016): The Rise of Environmental Crime – A Growing Threat To Natural Resources Peace, Development And Security. A 
UNEP-INTERPOL Rapid Response Assessment. United Nations Environment Programme and RHIPTO Rapid Response–Norwegian Center for Global Analyses p. 7 	

201 Quammen, D. (2020): We Made the Coronavirus Epidemic. The New York Times. Available at https://www.nytimes.com/2020/01/28/opinion/coronavirus-china.html. [Accessed: 24.4.2020]

202 Lam, T. T.-Y., M. H.-H. Shum, H.-C. Zhu, et al. (2020): Identifying SARS-CoV-2 related coronaviruses in Malayan pangolins. Nature. Nature Publishing Group p.1–6 doi:10.1038/s41586-020-2169-0

203 UNODC (2016): World wildlife crime report: trafficking in protected species. p. 66. Available at: https://www.unodc.org/documents/data-and-analysis/wildlife/World_Wild-
life_Crime_Report_2016_final.pdf [Accessed: 28.06.2020]

204 IUCN (2014): Eating pangolins to extinction. IUCN. Available at https://www.iucn.org/content/eating-pangolins-extinction. [Accessed: 28.4.2020]

205 Challender, D. W. S., S. Heinrich, C. R. Shepherd, et al. (2020): Chapter 16 - International trade and trafficking in pangolins, 1900–2019. in Pangolins. (eds. Challender, D. W. S., Nash, 
H. C. & Waterman, C.) Academic Press, 259–276. doi:10.1016/B978-0-12-815507-3.00016-2

206 IUCN (2014): Eating pangolins to extinction. Available at: https://www.iucn.org/content/eating-pangolins-extinction [Accessed: 28.06.2020]

207 Heinrich, S., T. A.Wittman, J.V. Ross, et al. (2017). The Global Trafficking of Pangolins: A comprehensive summary of seizures and trafficking routes from 2010–2015. TRAFFIC, 
Southeast Asia Regional Office, Petaling Jaya, Selangor, Malaysi	

208 Ingram, D. J., L. Coad, K. A. Abernethy, et al. (2018): Assessing Africa-Wide Pangolin Exploitation by Scaling Local Data. Conservation Letters 11(2), e12389. doi:10.1111/conl.12389

209 Cantlay, J. C., D. J. Ingram & A. L. Meredith (2017): A Review of Zoonotic Infection Risks Associated with the Wild Meat Trade in Malaysia. EcoHealth 14(2), 361–388. doi:10.1007/s10393-017-1229-x	

210  Cunningham, A. A., P. Daszak & J. L. N. Wood (2017): One Health, emerging infectious diseases and wildlife: two decades of progress? Philosophical Transactions of the Royal Society B: 
Biological Sciences 372(1725), Royal Society, 20160167. doi:10.1098/rstb.2016.0167	

211 Walsh, N. P. & V. Cotovio (2020): Bats are not to blame for coronavirus. Humans are. CNN. Available at https://www.cnn.com/2020/03/19/health/coronavirus-human-ac-
tions-intl/index.html. [Accessed: 4.1.2020]	

212 Avert (2020): Global HIV and AIDS statistics. Avert. Available at https://www.avert.org/global-hiv-and-aids-statistics. [Accessed: 5.12.2020]	

213 Sharp, P. M. & B. H. Hahn (2011): Origins of HIV and the AIDS Pandemic. Cold Spring Harbor Perspectives in Medicine 1(1), a006841–a006841. doi:10.1101/cshperspect.a006841	

214 Worobey, M., M. Gemmel, D. E. Teuwen, et al. (2008): Direct evidence of extensive diversity of HIV-1 in Kinshasa by 1960. Nature 455(7213), 661–664. doi:10.1038/nature07390	

215 Wolfe, N. D., P. Daszak, A. M. Kilpatrick, et al. (2005): Bushmeat Hunting, Deforestation, and Prediction of Zoonotic Disease. Emerging Infectious Diseases 11(12), 1822–1827. doi:10.3201/eid1112.040789	

216 Parliamentary Office of Science and Technology (2005): The Bushmeat Trade. Available at https://www.researchgate.net/publication/303446603_The_bushmeat_trade

217 Lindsey, P., Balme, G., Becker, M.,, et al. (2015): Illegal hunting and the bush-meat trade in savanna Africa: drivers, impacts and solutions to address the problem. FAO, Panthera, Zoological Society 
of London, Wildlife Conservation Society report, New York

218 Lindsey, P., Taylor, W.A., Nyirenda, V.,, et al. (2015): Bushmeat, wildlife-based economies, food security and conservation: Insights into the ecological and social impacts of the bush-
meat trade in African savannahs. FAO, Panthera, Zoological Society of London, SULi Report, Harare, Zimbabwe	

219 Settele, J., S. Diaz, E. Brondizio & P. Daszak (2020): IPBES Guest Article: COVID-19 Stimulus Measures Must Save Lives, Protect Livelihoods, and Safeguard Nature to Reduce 
the Risk of Future Pandemics. IPBES. Available at https://ipbes.net/covid19stimulus. [Accessed: 20.5.2020]

220 Carrington, D. (2020): Coronavirus: 'Nature is sending us a message’, says UN environment chief. The Guardian. Available at https://www.theguardian.com/world/2020/mar/25/coronavirus-nature-is-send-
ing-us-a-message-says-un-environment-chief. [Accessed: 30.3.2020]	

221  Geisler, A. & M. Schneider (2020): Virologe Christian Drosten: "Wir haben in Deutschland einige Vorteile gegenüber anderen Ländern“. Stern. Available at https://www.stern.de/gesundheit/
virologe-christian-drosten---wir-haben-in-deutschland-einige-vorteile-gegenueber-anderen-laendern--9190450.html. [Accessed: 26.3.2020]

222 Leibler, J. H., J. Otte, D. Roland-Holst, et al. (2009): Industrial Food Animal Production and Global Health Risks: Exploring the Ecosystems and Economics of Avian Influenza. EcoHealth 6(1), 58–70. 
doi:10.1007/s10393-009-0226-0	

223 Carrington, D. (2020): Coronavirus: 'Nature is sending us a message’, says UN environment chief. The Guardian. Available at https://www.theguardian.com/world/2020/mar/25/coronavirus-nature-is-
sending-us-a-message-says-un-environment-chief. [Accessed: 30.3.2020]

224 Smith, K. F., M. Goldberg, S. Rosenthal, et al. (2014): Global rise in human infectious disease outbreaks. Journal of The Royal Society Interface 11(101), 20140950. doi:10.1098/rsif.2014.0950	

225 Mortillaro, N. (2020): Biodiversity loss and wildlife trade are making pandemics like COVID-19 more likely, experts say. CBC. Available at https://www.cbc.ca/news/technology/
pandemics-biodiversity-covid-19-1.5528063. [Accessed: 17.6.2020]

226 Kreuder Johnson, C., P. L. Hitchens, T. Smiley Evans, et al. (2015): Spillover and pandemic properties of zoonotic viruses with high host plasticity. Scientific Reports 5(1), doi:10.1038/srep14830

227 Kingsley, D. H. (2016): Emerging Foodborne and Agriculture-Related Viruses. Microbiology Spectrum 4(4), doi:10.1128/microbiolspec.PFS-0007-2014

228 Johnson, C. K., P. L. Hitchens, P. S. Pandit, et al. (2020): Global shifts in mammalian population trends reveal key predictors of virus spillover risk. Proceedings of the Royal Society B: 
Biological Sciences 287(1924), 20192736. doi:10.1098/rspb.2019.2736

229 Wells, K., S. Morand, M. Wardeh, et al. (2020): Distinct spread of DNA and RNA viruses among mammals amid prominent role of domestic species. Global Ecology and Bio-
geography 29(3), 470–481. doi:10.1111/geb.13045	

230 Wolfe, N. D., C. P. Dunavan & J. Diamond (2007): Origins of major human infectious diseases. Nature 447(7142), 279–283. doi:10.1038/nature05775	

231 WHO & FAO (2003): Diet, Nutrition and the Prevention of Chronic Diseases. WHO Technical Report Series. World Health Organization, Geneva. Available at https://apps.who.int/
iris/bitstream/handle/10665/42665/WHO_TRS_916.pdf?sequence=1 [26.05.2020]	

232 Vale, P., H. Gibbs, R. Vale, et al. (2019): The Expansion of Intensive Beef Farming to the Brazilian Amazon. Global Environmental Change 57 101922. doi:10.1016/j.gloenvcha.2019.05.006	

233 Food and Agriculture Organization of the United Nations (2020): Livestock primary. FAOSTAT Database. Rome, Italy. Available at: http://www.fao.org/faostat/en/#data/QL [21.05.2020]

234 Food and Agriculture Organization of the United Nations (2020): Livestock primary. FAOSTAT Database. Rome, Italy. Available at: http://www.fao.org/faostat/en/#data/QL [21.05.2020]	

235 Food and Agriculture Organization of the United Nations (2020): Live animals. FAOSTAT Database. Rome, Italy. Available at: http://www.fao.org/faostat/en/#data/QA [26.06.2020]	

236 Bar-On, Y. M., R. Phillips & R. Milo (2018): The biomass distribution on Earth. Proceedings of the National Academy of Sciences 115(25), 6506–6511. doi:10.1073/pnas.1711842115	

237 Fishcount.org: Numbers of farmed fish slaughtered each year. Available at: http://fishcount.org.uk/fish-count-estimates-2/numbers-of-farmed-fish-slaughtered-each-year [Accessed 12.06.2020]

238 OECD & FAO (2019): OECD-FAO Agricultural Outlook 2019-2028. OECD Publishing, Paris/ Food and Agriculture Organization of the United Nations, Rome. doi:10.1787/agr_outlook-2019-en

239 Bar-On, Y. M., R. Phillips & R. Milo (2018): The biomass distribution on Earth. Proceedings of the National Academy of Sciences 115(25), 6506–6511. doi:10.1073/pnas.1711842115	

240 FAO (2016): The Contributions of Livestock Species and Breeds to Ecosystem Services.Available at: http://www.fao.org/3/a-i6482e.pdf

241 Kumar, B., A. Manuja & P. Aich (2012): Stress and its impact on farm animals. Frontiers in Bioscience (Elite Edition) 4 1759–1767. doi:10.2741/496

242 Mourkas, E., A. J. Taylor, G. Méric, et al. (2020): Agricultural intensification and the evolution of host specialism in the enteric pathogen Campylobacter jejuni. Proceedings of the National 
Academy of Sciences 117(20), 11018–11028. doi:10.1073/pnas.1917168117

243 National Research Council (US) Committee on Achieving Sustainable Global Capacity for Surveillance and Response to Emerging Diseases of Zoonotic Origin, G. T. Keusch, M. Pappaioanou, 
et al. (2009): Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases. Washington (DC): National Academies Press (US); 2009. 3, Drivers of Zoonotic Diseases. Sustaining 
Global Surveillance and Response to Emerging Zoonotic Diseases. National Academies Press (US). Available at https://www.ncbi.nlm.nih.gov/books/NBK215318/	

244 Payne, S. (2017): Chapter 9 - Viral Pathogenesis. in Viruses. (ed. Payne, S.) Academic Press p.87–95 doi:10.1016/B978-0-12-803109-4.00009-X	

245 Mennerat, A., F.Nilsen, D. Ebert, and A. Skorping (2010): Intensive Farming: Evolutionary Implications for Parasites and Pathogens. Evolutionary Biology 37, no. 2 (September 
1, 2010): 59–67. https://doi.org/10.1007/s11692-010-9089-0	

246 Bull, J. J. & A. S. Lauring (2014): Theory and Empiricism in Virulence Evolution. PLOS Pathogens 10(10), Public Library of Science, e1004387. doi:10.1371/journal.ppat.1004387	

247 Ugelvik, M. S., A. Skorping, O. Moberg, et al. (2017): Evolution of virulence under intensive farming: salmon lice increase skin lesions and reduce host growth in salmon farms. 
Journal of Evolutionary Biology 30(6), 1136–1142. doi:10.1111/jeb.13082	

248 Kennedy, D. A., G. Kurath, I. L. Brito, et al. (2016): Potential drivers of virulence evolution in aquaculture. Evolutionary Applications 9(2), 344–354. doi:10.1111/eva.12342	

249 Hu, Y., H. Cheng & S. Tao (2017): Environmental and human health challenges of industrial livestock and poultry farming in China and their mitigation. Environment Interna-
tional 107 111–130. doi:10.1016/j.envint.2017.07.003	

250 Kingsley, D. H. (2016): Emerging Foodborne and Agriculture-Related Viruses. Microbiology Spectrum 4(4), doi:10.1128/microbiolspec.PFS-0007-2014

251 Bryony, A. J., G. Delia & R. Kock (2015): Zoonosis Emergence Linked to Agricultural Intensification and Environmental Change. in Emerging Viral Diseases: The One Health 
Connection: Workshop Summary.	

252 Staggemeier, R., M. Bortoluzzi, T. M. da Silva Heck, et al. (2015): Animal and human enteric viruses in water and sediment samples from dairy farms. Agricultural Water Man-
agement 152 135–141. doi:10.1016/j.agwat.2015.01.010	

253 Chen, J., C. Zhang, Y. Liu, et al. (2017): Super-oxidized water inactivates major viruses circulating in swine farms. Journal of Virological Methods 242 27–29. doi:10.1016/j.jviromet.2017.01.002

254 Krog, J. S., A. Forslund, L. E. Larsen, et al. (2017): Leaching of viruses and other microorganisms naturally occurring in pig slurry to tile drains on a well-structured loamy field in Denmark. 
Hydrogeology Journal 25(4), 1045–1062. doi:10.1007/s10040-016-1530-8	

255  Zhang, H., X. Li, R. Ma, et al. (2013): Airborne spread and infection of a novel swine-origin influenza A (H1N1) virus. Virology Journal 10(1), 204. doi:10.1186/1743-422X-10-204

256 Scanes, C. G. (2018): Chapter 18 - Impact of Agricultural Animals on the Environment. in Animals and Human Society. (eds. Scanes, C. G. & Toukhsati, S. R.) Academic Press 
p.427–449 doi:10.1016/B978-0-12-805247-1.00025-3	

257 Corzo, C. A., M. Culhane, S. Dee, et al. (2013): Airborne detection and quantification of swine influenza a virus in air samples collected inside, outside and downwind from swine 
barns. PloS One 8(8), e71444. doi:10.1371/journal.pone.0071444	

258 Sing, A. (2014): Zoonoses - Infections Affecting Humans and Animals: Focus on Public Health Aspects. Springer	

259 Alonso, C., P. C. Raynor, P. R. Davies, et al. (2015): Concentration, Size Distribution, and Infectivity of Airborne Particles Carrying Swine Viruses. PLOS ONE 10(8), Public Library 
of Science, e0135675. doi:10.1371/journal.pone.0135675	

260 Otte, J., D. Roland-Holst, D. Pfeiffer, et al. (2007): Industrial Livestock Production and Global Health Risks. Available at: http://www.fao.org/3/a-bp285e.pdf [24.06.2020] 	

261 Hartung, J. (2013): A short history of livestock production. in Livestock housing. (eds. Aland, A. & Banhazi, T.) Wageningen Academic Publishers, 21–34. doi:10.3920/978-90-
8686-771-4_01 doi:10.3920/978-90-8686-771-4_01	

262 Graham, J. P., J. H. Leibler, L. B. Price, et al. (2008): The Animal-Human Interface and Infectious Disease in Industrial Food Animal Production: Rethinking Biosecurity and 
Biocontainment. Public Health Reports 123(3), 282–299. doi:10.1177/003335490812300309	

263 Anthis, K. (2019): Global Farmed & Factory Farmed Animals Estimates. Sentience Institute. Sentience Institute, Available at https://sentienceinstitute.org/global-animal-farm-
ing-estimates. [Accessed: 18.5.2020]

264 Samuel, S. (2020): The meat we eat is a pandemic risk, too. Vox. Available at https://www.vox.com/future-perfect/2020/4/22/21228158/coronavirus-pandemic-risk-facto-
ry-farming-meat. [Accessed: 24.4.2020]	



265 Lawrence, R. S. (2012): How Industrialized Farming Could Facilitate Pandemic Swine Flu. The Atlantic. Available at https://www.theatlantic.com/health/archive/2012/08/how-indus-
trialized-farming-could-facilitate-pandemic-swine-flu/261356/. [Accessed: 18.3.2020]	

266 Gilchrist, M.J. et al. (2007):The Potential Role of Concentrated Animal Feeding Operations in Infectious Disease Epidemics and Antibiotic Resistance. Environmental Health 
Perspectives 115, no. 2: 313–16. https://doi.org/10.1289/ehp.8837.	  

267 CDC (2019): How Flu Viruses Can Change. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/flu/about/viruses/change.htm. [Accessed: 16.4.2020]

268 Taubenberger, J. K. & D. M. Morens (2006): 1918 Influenza: the Mother of All Pandemics. Emerging Infectious Diseases 12(1), 15–22. doi:10.3201/eid1201.050979	

269 Gibbs, M. J. & A. J. Gibbs (2006): Was the 1918 pandemic caused by a bird flu? Nature 440(7088), E8–E8. doi:10.1038/nature04823	

270 CDC (2019): How Flu Viruses Can Change. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/flu/about/viruses/change.htm. [Accessed: 16.4.2020]

271 WHO: How pandemic influenza emerges. World Health Organization Europe. World Health Organization, Available at http://www.euro.who.int/en/health-topics/communicable-diseas-
es/influenza/pandemic-influenza/how-pandemic-influenza-emerges. [Accessed: 27.4.2020]	

272 CDC (2017): Avian Influenza in Birds. CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/flu/avianflu/avian-in-birds.htm. [Accessed: 9.4.2020]

273 WHO (2018): Influenza (Avian and other zoonotic). World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/influenza-(avian-and-oth-
er-zoonotic). [Accessed: 4.9.2020]	

274 Nelson, M. I., D. E. Wentworth, M. R. Culhane, et al. (2014): Introductions and Evolution of Human-Origin Seasonal Influenza A Viruses in Multinational Swine Populations. 
Journal of Virology 88(17), 10110–10119. doi:10.1128/JVI.01080-14	

275 Iuliano, A. D., K. M. Roguski, H. H. Chang, et al. (2018): Estimates of global seasonal influenza-associated respiratory mortality: a modelling study. The Lancet 391(10127), 
Elsevier, 1285–1300. doi:10.1016/S0140-6736(17)33293-2	

276 Ito, T., J. N. S. S. Couceiro, S. Kelm, et al. (1998): Molecular Basis for the Generation in Pigs of Influenza A Viruses with Pandemic Potential. Journal of Virology 72(9), 7367–7373.

277 Ma, W., R. E. Kahn & J. A. Richt (2008): The pig as a mixing vessel for influenza viruses: Human and veterinary implications. Journal of molecular and genetic medicine : an 
international journal of biomedical research 3(1), 158–166.	

278 Trebbien, R., L. E. Larsen & B. M. Viuff (2011): Distribution of sialic acid receptors and influenza A virus of avian and swine origin in experimentally infected pigs. Virology 
Journal 8(1), doi:10.1186/1743-422X-8-434	

279 Kahn, R. E., W. Ma & J. A. Richt (2014): Swine and Influenza: A Challenge to One Health Research. in Influenza Pathogenesis and Control - Volume I. (eds. Compans, R. W. & Oldstone, M. B. A.) 
385 Springer International Publishing, 205–218. doi:10.1007/82_2014_392

280 Nelson, M. I. & A. L. Vincent (2015): Reverse zoonosis of influenza to swine: new perspectives on the human–animal interface. Trends in Microbiology 23(3), 142–153. 
doi:10.1016/j.tim.2014.12.002	

281 Messenger, A. M., A. N. Barnes, and G.C. Gra (2014): Reverse Zoonotic Disease Transmission (Zooanthroponosis): A Systematic Review of Seldom-Documented Human Biological 
Threats to Animals.” PLoS ONE 9, no. 2. https://doi.org/10.1371/journal.pone.0089055.	

282 Lawrence, R. S. (2012): How Industrialized Farming Could Facilitate Pandemic Swine Flu. The Atlantic. Available at https://www.theatlantic.com/health/archive/2012/08/how-indus-
trialized-farming-could-facilitate-pandemic-swine-flu/261356/. [Accessed: 18.3.2020]	

283 OECD & FAO (2019): OECD-FAO Agricultural Outlook 2019-2028. OECD Publishing, Paris/ Food and Agriculture Organization of the United Nations, Rome. doi:10.1787/
agr_outlook-2019-en doi:10.1787/agr_outlook-2019-e	

284 Ma, W., R. E. Kahn & J. A. Richt (2008): The pig as a mixing vessel for influenza viruses: Human and veterinary implications. Journal of molecular and genetic medicine : an 
international journal of biomedical research 3(1), 158–166.	

285 WHO FAQs: H5N1 influenza. World Health Organization. World Health Organization, Available at https://www.who.int/influenza/human_animal_interface/avian_influenza/
h5n1_research/faqs/en/. [Accessed: 10.04.2020]	

286 WHO (2005): Avian influenza: assessing the pandemic threat. World Health Organization. p.5 Available at https://apps.who.int/iris/bitstream/handle/10665/68985/WHO_
CDS_2005.29.pdf;sequence=1. [Accessed: 28.5.2020]	

287 WHO (2005): Avian influenza: assessing the pandemic threat. World Health Organization. p.11 Available at https://apps.who.int/iris/bitstream/handle/10665/68985/WHO_
CDS_2005.29.pdf;sequence=1. [Accessed: 28.5.2020]	

288 WHO (2020): Increase in ‘bird flu’ outbreaks – WHO/Europe advice for handling dead or sick birds. World Health Organization - Regional Office for europe. World Health Organization, 
Available at http://www.euro.who.int/en/health-topics/communicable-diseases/influenza/news/news/2020/01/increase-in-bird-flu-outbreaks-whoeurope-advice-for-handling-dead-
or-sick-birds. [Accessed: 28.5.2020]	

289 WHO Assessment of risk associated with influenza A(H5N8) virus. World Health Organization. World Health Organization, Available at http://www.who.int/influenza/human_animal_interface/
avian_influenza/riskassessment_AH5N8_201611/en/. [Accessed: 28.5.2020]

290 CDC (2020): Asian Lineage Avian Influenza A(H7N9) Virus | Avian Influenza (Flu). CDC - Centers for Disease Control and Prevention. Available at https://www.cdc.gov/flu/
avianflu/h7n9-virus.htm. [Accessed: 14.6.2020]	

291 WHO Avian influenza. World Health Organization. World Health Organization, Available at http://www.who.int/features/qa/avian-influenza/en/. [Accessed: 28.5.2020]	

292 CEBM (2020): Global Covid-19 Case Fatality Rates. Centre for Evidence-Based Medicine. Available at https://www.cebm.net/covid-19/global-covid-19-case-fatality-rates/. [Accessed: 12.6.2020]

293 Johns Hopkins University & Medicine (2020): COVID-19 Map. Johns Hopkins Coronavirus Resource Center. Available at https://coronavirus.jhu.edu/map.html. [Accessed: 05.07.2020]

294 Nuzzo, J. B., L. Mullen, M. Snyder, et al. (2019): Preparedness for a High-Impact Respiratory Pathogen Pandemic. Johns Hopkins Center for Health Security. Available at https://apps.who.
int/gpmb/assets/thematic_papers/tr-6.pdf [Accessed: 28.06.2020]	

295 Samuel, S. (2020): The meat we eat is a pandemic risk, too. Vox. Available at https://www.vox.com/future-perfect/2020/4/22/21228158/coronavirus-pandemic-risk-facto-
ry-farming-meat. [Accessed: 24.4.2020]	

296 OIE (2018): African swine fever. World Organisation for Animal health. Available at.https://www.oie.int/en/animal-health-in-the-world/animal-diseases/african-swine-fever/ [Accessed: 26.06.2020]

297 Van der Zee, B. (2019): Quarter of world's pig population 'to die due to African swine fever'. The Guardian. Available at: https://www.theguardian.com/world/2019/oct/31/quarter-of-
worlds-pig-population-to-die-of-african-swine-fever [Accessed: 29.07.2020]

298 FAIRR (2020): An industry infected - animals agriculture in a post-COVID world. Report, p14. Available at: https://www.fairr.org/article/industry-infected/ [26.06.2020]	

299 OIE (2018): Swine influenza. World Organisation for Animal health. Available at.https://www.oie.int/en/animal-health-in-the-world/animal-diseases/Swine-influenza/ [Accessed: 26.06.2020]

300 FAIRR (2020): An industry infected - animals agriculture in a post-COVID world. Report, p 15. Available at: https://www.fairr.org/article/industry-infected/ [26.06.2020]	

301 FAO (2006): United against bird flu. Reports from the global campaign. Available at: http://www.fao.org/docs/eims/upload/213477/news_birdflu06_en.pdf [Accessed: 21.06.2020]

302 FAO (2012): H5N1 HPAI Global Overview, January–March 2012. Food and Agriculture Organization, Rome. Available at: http://www.fao.org/docrep/015/an388e/an388e.pdf [Accessed 28.06.2020]

303 WHO (2005): Avian influenza: assessing the pandemic threat. World Health Organization. p.14 Available at https://apps.who.int/iris/bitstream/handle/10665/68985/WHO_
CDS_2005.29.pdf;sequence=1. [Accessed: 28.5.2020]

304 Klous, G., A. Huss, D. J. J. Heederik, et al. (2016): Human–livestock contacts and their relationship to transmission of zoonotic pathogens, a systematic review of literature. 
One Health 2 65–76. doi:10.1016/j.onehlt.2016.03.001

305 Arends, J. P. & H. C. Zanen (1988): Meningitis caused by Streptococcus suis in humans. Reviews of Infectious Diseases 10(1), 131–137. doi:10.1093/clinids/10.1.131

306 Tagesschau (2020): 1331 Infizierte - vorerst kein Lockdown Available at: https://www.tagesschau.de/inland/toennies-coronainfektionen-guetersloh-105.html [Accessed: 21.06.2020]

307 Terazono, E. & A. Schipani (2020) How slaughterhouses became breeding grounds for coronaviruses. Financial Times. Available at: https://www.ft.com/content/de2ca3f6-
cd63-486a-a727-069762ca4a2a [Accessed: 21.06.2020]	

308 Shanker, D., M. Hirtzer, J. Skerritt & L. Mulvany (2020): Meat-Shortage Risk Climbs With 25% Of U.S. Pork Capacity Offline. Bloomberg. Available at: https://www.bloomberg.com/news/articles/2020-04-22/
tyson-foods-to-indefinitely-suspend-waterloo-operations-k9bbgnr9 [Accessed 30.06.2020].	

309 Terazono, E. & A. Schipani (2020) How slaughterhouses became breeding grounds for coronaviruses. Financial Times. Available at: https://www.ft.com/content/de2ca3f6-
cd63-486a-a727-069762ca4a2a [Accessed: 21.06.2020]

310 Corkery, M. & D. Yaffe-Bellany (2020): The Food Chain’s Weakest Link: Slaughterhouses. The New York Times. Available at: https://www.nytimes.com/2020/04/18/business/
coronavirus-meat-slaughterhouses.html [Accessed 23.06.2020]	

311 Dyal, J. W., M. P. Grant, K. Broadwater, et al. (2020): COVID-19 Among Workers in Meat and Poultry Processing Facilities - 19 States, April 2020. MMWR. Morbidity and mortality 
weekly report 69(18), doi:10.15585/mmwr.mm6918e3	

312 Human Rights Watch (2004): Blood, sweat, and fear: workers’ rights in U.S. meat and poultry plants. Human Rights Watch. Available at: https://www.hrw.org/report/2005/01/24/blood-sweat-
and-fear/workers-rights-us-meat-and-poultry-plants [Accessed: 23.06.2020]

313 Arnold, M. (2020): Abattoir coronavirus outbreak triggers infections surge in Germany. Financial Times. Available at: https://www.ft.com/content/057e861b-ef35-418d-9d16-
81d2a0219212 [Accessed 24.06.2020]	

314 Hauser, C. (2020): Nearly 2 million chickens killed as poultry workers are sidelined. The New York Times. Available at: https://www.nytimes.com/2020/04/28/us/coronavi-
rus-chicken-poultry-farm-workers.html [Accessed 24.06.2020]	

315 Dorning M. & M. Hirtzer (2020): America’s mass hog cull begins with meat to rot in landfills.Bloomberg. Available at: https://www.bloomberg.com/news/articles/2020-04-28/closed-jbs-plant-
will-be-used-to-euthanize-hogs-peterson-says  [24.06.2020]	

316 FAIRR (2020): An industry infected - animals agriculture in a post-COVID world. Report, p 12. Available at: https://www.fairr.org/article/industry-infected/ [26.06.2020]	

317 Cuff, M. (2020): Food waste crisis: Farmers preparing to kill thousands of fish as £30bn food waste mountain grows. Inews. Available at: https://inews.co.uk/news/food-waste-crisis-uk-latest-
farmers-kill-fish-mountain-coronavirus-422547 [Accessed: 20.06.2020]

318 Yaffe-Bellany, D. & M. Corkery (2020): Dumped Milk, Smashed Eggs, Plowed Vegetables: Food Waste of the Pandemic. The New York Times. Available at: https://www.nytimes.
com/2020/04/11/business/coronavirusdestroying-food.html. [Accessed: 20.06.2020] 

319 Samuel, S. (2020): The meat we eat is a pandemic risk, too. Vox. Available at: https://www.vox.com/future-perfect/2020/4/22/21228158/coronavirus-pandemic-risk-facto-
ry-farming-meat [Accessed: 15.06.2020] 

320 UN (2018): Antimicrobial resistance a ‘global health emergency,’ UN, ahead of awareness week. UN News. Available at https://news.un.org/en/node/1025511/antimicrobial-resistance-a-glob-
al-health-emergency-un-ahead-of-awareness-week-2. [Accessed: 31.3.2020	

321 Review on Antimicrobial Resistance (2014): Antimicrobial Resistance: Tackling a crisis for the health and wealth of nations. Available at https://wellcomecollection.org/works/
rdpck35v/items?sierraId=b28552179. [Accessed: 20.4.2020] ]

322 IACG (2019): No time to wait: Securing the future from Drug-Resistant Infections. Report to the Secretary-General of the United Nations. Interagency Coordination Group on Antimi-
crobial Resistance. Available at https://www.who.int/antimicrobial-resistance/interagency-coordination-group/IACG_final_report_EN.pdf?ua=1. [Accessed: 31.3.2020]	

323 Milken Institute School of Public Health - Antibiotic Resistance Action Center: What Is Antibiotic Resistance? Available at http://battlesuperbugs.com/science/what-antibi-
otic-resistance. [Accessed: 21.4.2020] 

324 Ritchie, H. (2017): How do we reduce antibiotic resistance from livestock? Our World in Data. Available at https://ourworldindata.org/antibiotic-resistance-from-livestock. 
[Accessed: 20.5.2020]	

325 Noble, M. (2020): Is the coronavirus pandemic related to meat production? The Counter. Available at https://thecounter.org/covid-19-coronavirus-meat-production-con-
sumption/. [Accessed: 21.5.2020]	

326 CDC: How antibiotic resistance happens. CDC - Centers for Disease Control and Prevention. Available at: https://www.cdc.gov/antibiotic-use/week/pdfs/How_Antibiot-
ic_Resistance_Happens_508.pdf [25.06.2020]	

327 MacIntyre, C. R. & C. M. Bui (2017): Pandemics, public health emergencies and antimicrobial resistance - putting the threat in an epidemiologic and risk analysis context. 
Archives of Public Health 75 doi:10.1186/s13690-017-0223-7	

328 WHO (2018): The top 10 causes of death. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death. [Ac-
cessed: 27.5.2020]	

329 Morris, D. E., D. W. Cleary & S. C. Clarke (2017): Secondary Bacterial Infections Associated with Influenza Pandemics. Frontiers in Microbiology 8 doi:10.3389/fmicb.2017.01041	

330 MacIntyre, C. R. & C. M. Bui (2017): Pandemics, public health emergencies and antimicrobial resistance - putting the threat in an epidemiologic and risk analysis context. 
Archives of Public Health 75 doi:10.1186/s13690-017-0223-7		

331 Papanicolaou, G. A. (2013): Severe influenza and S. aureus pneumonia: For whom the bell tolls? Virulence 4(8), 666–668. doi:10.4161/viru.26957 

332 Morens, D. M., J. K. Taubenberger & A. S. Fauci (2008): Predominant Role of Bacterial Pneumonia as a Cause of Death in Pandemic Influenza: Implications for Pandemic Influenza Preparedness. 
The Journal of infectious diseases 198(7), 962–970. doi:10.1086/591708	

333 Morris, D. E., D. W. Cleary & S. C. Clarke (2017): Secondary Bacterial Infections Associated with Influenza Pandemics. Frontiers in Microbiology 8. doi:10.3389/fmicb.2017.01041	

334 Cruveilhier L. (1919): Action du sérum antipneumococcique au cours de la pneumonie et dans les complications de la grippe. Annales de l’Institut Pasteur. 1919;33: 448–461	

335 Morens, D. M., J. K. Taubenberger & A. S. Fauci (2008): Predominant Role of Bacterial Pneumonia as a Cause of Death in Pandemic Influenza: Implications for Pandemic Influenza Preparedness. 
The Journal of infectious diseases 198(7), 962–970. doi:10.1086/591708	

336 Tagesschau.de (2020): Corona könnte Antibiotika-Krise verschärfen. Available at:https://www.tagesschau.de/investigativ/ndr/coronavirus-antibiotika-101.html [Accessed: 16.06.2020]

337 The Guardian (2020): WHO warns overuse of antibiotics for Covid-19 will cause more deaths. Available at: https://www.theguardian.com/world/2020/jun/01/who-warns-overuse-of-antibi-
otics-for-covid-19-will-cause-more-deaths [Accessed: 16.06.2020] 

338 Hsu, J. (2020): How covid-19 is accelerating the threat of antimicrobial resistance. BMJ m1983. doi:10.1136/bmj.m1983 doi:10.1136/bmj.m1983		

339 Morgan, W. (2020): Coronavirus: heavy use of hand sanitisers could boost antimicrobial resistance. The Conversation. Available at: https://theconversation.com/coronavi-
rus-heavy-use-of-hand-sanitisers-could-boost-antimicrobial-resistance-136541 [Accessed: 16.06.2020]

340 Ritchie, H. (2017): How do we reduce antibiotic resistance from livestock? Our World in Data. Available at https://ourworldindata.org/antibiotic-resistance-from-livestock. [Accessed: 20.5.2020]	

341 Done, H. Y., A. K. Venkatesan & R. U. Halden (2015): Does the Recent Growth of Aquaculture Create Antibiotic Resistance Threats Different from those Associated with Land 
Animal Production in Agriculture? The AAPS Journal 17(3), 513–524. doi:10.1208/s12248-015-9722-z

342 OECD (2016): Antimicrobial Resistance - Policy Insights. Available at: https://www.oecd.org/health/health-systems/AMR-Policy-Insights-November2016.pdf [29.04.2020] 

343 Nordquist, R. E., F. J. van der Staay, F. J. C. M. van Eerdenburg, et al. (2017): Mutilating Procedures, Management Practices, and Housing Conditions That May Affect the Welfare of 
Farm Animals: Implications for Welfare Research. Animals (Basel). 7 

344 Proudfoot, K. & G. Habing (2015): Social stress as a cause of diseases in farm animals: Current knowledge and future directions. The Veterinary Journal 206(1), 15–21. doi:10.1016/j.tvjl.2015.05.024

345 Strauch, D. & G. Ballarini (1994): Hygienic aspects of the production and agricultural use of animal wastes. Zentralblatt Veterinärmedizin Reihe B. 41, p.176–228

346 Strauch D. Tierhygiene im Rahmen der Umwelthygiene [Animal hygiene and environmental hygiene]. Zentralbl Bakteriol Mikrobiol Hyg B. 1986;183(2-3):258‐273. 



347 Moennig, V., G. Floegel-Niesmann & I. Greiser-Wilke (2003): Clinical signs and epidemiology of classical swine fever: a review of new knowledge. Vet. J. 165, p.11–20	

348 Inamura, M., J. Rushton and J. Antón (2015), “Risk Management of Outbreaks of Livestock Diseases”, OECD Food, Agriculture and Fisheries Papers, No. 91, OECD Publishing, 
Paris. http://dx.doi.org/10.1787/5jrrwdp8x4zs-en

349 Lekagul, A., V. Tangcharoensathien & S. Yeung (2019): Patterns of antibiotic use in global pig production: A systematic review. Veterinary and Animal Science. 7, p.100058

350 Mehdi, Y., M.-P. Létourneau-Montminy, M.-L. Gaucher, et al. (2018): Use of antibiotics in broiler production: Global impacts and alternatives. Anim Nutr. 4, p.170–178  

351 Levy, S. B. (1998): The challenge of antibiotic resistance. Scientific American 278(3), 46–53. doi:10.1038/scientificamerican0398-46

352 Landers, T. F., B. Cohen, T. E. Wittum, et al. (2012): A Review of Antibiotic Use in Food Animals: Perspective, Policy, and Potential. Public Health Reports 127(1), 4–22.	

353 Kirchhelle, C. (2018): Pharming animals: a global history of antibiotics in food production (1935–2017). Palgrave Communications 4(1), Palgrave, 1–13. doi:10.1057/s41599-018-0152-2

354 Benatar, D. (2020): Opinion | Our Cruel Treatment of Animals Led to the Coronavirus. The New York Times. Available at https://www.nytimes.com/2020/04/13/opinion/
animal-cruelty-coronavirus.html. [Accessed: 21.5.2020] 

355 Batchelor, T. (2018): Farmers using powerful antibiotic 'of last resort' on healthy chickens to boost weight, report finds. The Independent. Available at: https://www.independent.co.uk/envi-
ronment/farmers-chickens-antibiotic-boost-weight-colistin-farm-animals-infections-a8191521.html

356 Landers, T. F., B. Cohen, T. E. Wittum, et al. (2012): A Review of Antibiotic Use in Food Animals: Perspective, Policy, and Potential. Public Health Reports 127(1), 4–22.	

357 Rousham, E. K., L. Unicomb & M. A. Islam (2018): Human, animal and environmental contributors to antibiotic resistance in low-resource settings: integrating behavioural, 
epidemiological and One Health approaches. Proceedings of the Royal Society B: Biological Sciences 285(1876), doi:10.1098/rspb.2018.0332	

358 Rabello, R. F., R. R. Bonelli, B. A. Penna, et al. (2020): Antimicrobial Resistance in Farm Animals in Brazil: An Update Overview. Animals 10(4), Multidisciplinary Digital Pub-
lishing Institute, 552. doi:10.3390/ani10040552	

359 Schulz, J., N. Kemper, J. Hartung, et al. (2019): Analysis of fluoroquinolones in dusts from intensive livestock farming and the co-occurrence of fluoroquinolone-resistant Escherichia 
coli. Scientific Reports 9(1), Nature Publishing Group, 5117. doi:10.1038/s41598-019-41528-z

360 Batchelor, T. (2018): Farmers using powerful antibiotic 'of last resort' on healthy chickens to boost weight, report finds. The Independent. Available at: https://www.independent.co.uk/environ-
ment/farmers-chickens-antibiotic-boost-weight-colistin-farm-animals-infections-a8191521.html

361 Kirchhelle, C. (2018): Pharming animals: a global history of antibiotics in food production (1935–2017). Palgrave Communications 4(1), Palgrave, 1–13. doi:10.1057/s41599-018-0152-2	

362 Gharaibeh, M. H. & S. Q. Shatnawi (2019): An overview of colistin resistance, mobilized colistin resistance genes dissemination, global responses, and the alternatives to colistin: A review. 
Veterinary World 12(11), 1735–1746. doi:10.14202/vetworld.2019.1735-1746 

363 Reardon, S. Resistance to last-ditch antibiotic has spread farther than anticipated. Nature News doi:10.1038/nature.2017.22140 doi:10.1038/nature.2017.22140	

364 Gharaibeh, M. H. & S. Q. Shatnawi (2019): An overview of colistin resistance, mobilized colistin resistance genes dissemination, global responses, and the alternatives to colistin: 
A review. Veterinary World 12(11), 1735–1746. doi:10.14202/vetworld.2019.1735-1746	

365 Van Boeckel, T. P., J. Pires, R. Silvester, et al. (2019): Global trends in antimicrobial resistance in animals in low- and middle-income countries. Science 365(6459), doi:10.1126/science.aaw1944

366 Review on Antimicrobial Resistance (2014): Antimicrobial Resistance: Tackling a crisis for the health and wealth of nations. Available at https://wellcomecollection.org/
works/rdpck35v/items?sierraId=b28552179. [Accessed: 20.4.2020]  

367 OECD (2018): Stemming the Superbug Tide: Just A Few Dollars More. OECD Publishing, Paris. doi:10.1787/9789264307599-en	

368 Cuong, N. V., P. Padungtod, G. Thwaites, et al. (2018): Antimicrobial Usage in Animal Production: A Review of the Literature with a Focus on Low- and Middle-Income Coun-
tries. Antibiotics 7(3), doi:10.3390/antibiotics7030075

369 Burow, E., C. Simoneit, B.-A. Tenhagen, et al. (2014): Oral antimicrobials increase antimicrobial resistance in porcine E. coli – A systematic review. Preventive Veterinary 
Medicine 113(4), 364–375. doi:10.1016/j.prevetmed.2013.12.007

370 Simoneit, C., E. Burow, B.-A. Tenhagen, et al. (2015): Oral administration of antimicrobials increase antimicrobial resistance in E. coli from chicken--a systematic review. Pre-
ventive Veterinary Medicine 118(1), 1–7. doi:10.1016/j.prevetmed.2014.11.010

371 Van Boeckel, T. P., J. Pires, R. Silvester, et al. (2019): Global trends in antimicrobial resistance in animals in low- and middle-income countries. Science 365(6459), doi:10.1126/science.aaw1944

372 OECD & FAO (2019): OECD-FAO Agricultural Outlook 2019-2028. OECD Publishing, Paris/ Food and Agriculture Organization of the United Nations, Rome. doi:10.1787/agr_outlook-2019-en

373 Van Boeckel, T. P., C. Brower, M. Gilbert, et al. (2015): Global trends in antimicrobial use in food animals. Proceedings of the National Academy of Sciences of the United States 
of America 112(18), 5649–5654. doi:10.1073/pnas.1503141112

374 Batchelor, T. (2018): Farmers using powerful antibiotic 'of last resort' on healthy chickens to boost weight, report finds. The Independent. Available at: https://www.independent.co.uk/
environment/farmers-chickens-antibiotic-boost-weight-colistin-farm-animals-infections-a8191521.html

375 Resistance bank. Available at https://resistancebank.org/. [Accessed: 6.5.2020]

376 Ritchie, H. (2017): How do we reduce antibiotic resistance from livestock? Our World in Data. Available at https://ourworldindata.org/antibiotic-resistance-from-livestock. [Accessed: 20.5.2020]

377 Van Boeckel, T. P., J. Pires, R. Silvester, et al. (2019): Global trends in antimicrobial resistance in animals in low- and middle-income countries. Science 365(6459), doi:10.1126/science.aaw1944 

378 Thanner, S., D. Drissner & F. Walsh (2016): Antimicrobial Resistance in Agriculture. mBio 7(2), American Society for Microbiology, doi:10.1128/mBio.02227-15

379 Miranda, C. D., F. A. Godoy & M. R. Lee (2018): Current Status of the Use of Antibiotics and the Antimicrobial Resistance in the Chilean Salmon Farms. Frontiers in Microbi-
ology 9 doi:10.3389/fmicb.2018.01284	

380 Communication from the Commission to the European Parliament and the Council - Building a sustainable future for aquaculture - A new impetus for the Strategy for the Sustainable 
Development of European Aquaculture. {SEC(2009) 453} {SEC(2009) 454} Available at https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52009DC0162. [Accessed: 7.5.2020]

381 Food and Agriculture Organization of the United Nations (2018): The State of World Fisheries and Aquaculture 2018: meeting the sustainable development goals. Food & 
Agriculture Organization

382 Reantaso, M. (2018): FAO/ASTF Project. Diseases of aquatic animals Aquatic animal health management.

383 OECD-FAO Agricultural Outlook 2016-2025. Available at https://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-agricultural-outlook-2016_agr_outlook-2016-en. [Accessed: 7.5.2020]

384 Sundberg, L.-R., T. Ketola, E. Laanto, et al. (2016): Intensive aquaculture selects for increased virulence and interference competition in bacteria. Proc Biol Sci. 283, 

385 Watts, J. E. M., H. J. Schreier, L. Lanska, et al. (2017): The Rising Tide of Antimicrobial Resistance in Aquaculture: Sources, Sinks and Solutions. Mar Drugs. 15	

386 Manyi-Loh, C., S. Mamphweli, E. Meyer, et al. (2018): Antibiotic Use in Agriculture and Its Consequential Resistance in Environmental Sources: Potential Public Health Impli-
cations. Molecules. 23,,

387 Shah, S. Q. A., D. J. Colquhoun, H. L. Nikuli, et al. (2012): Prevalence of Antibiotic Resistance Genes in the Bacterial Flora of Integrated Fish Farming Environments of Pakistan 
and Tanzania. Environ. Sci. Technol. 46, American Chemical Society p.8672–8679	

388 Leibler, J. H., J. Otte, D. Roland-Holst, et al. (2009): Industrial Food Animal Production and Global Health Risks: Exploring the Ecosystems and Economics of Avian Influenza. 
EcoHealth 6(1), 58–70. doi:10.1007/s10393-009-0226-0	

389 FAO (2016): Drivers, Dynamics and Epidemiology of Antimicrobial Resistance in Animal Production. Food & Agriculture Organization,	

390 Hong, P. Y., A. Yannarell & R. I. Mackie (2010): The contribution of antibiotic residues and antibiotic resistance genes from livestock operations to antibiotic resistance in the environ-
ment and food chain. Zoonotic Pathogens in the Food Chain CABI Publishing, 119–139. 

391 UBA (2018): Eintrag und Vorkommen von Tierarzneimitteln in der Umwelt. Umweltbundesamt. Umweltbundesamt, Available at https://www.umweltbundesamt.de/ein-
trag-vorkommen-von-tierarzneimitteln-in-der. [Accessed: 4.9.2020]

392 Li, Y., X. Zhang, W. Li, et al. (2013): The residues and environmental risks of multiple veterinary antibiotics in animal faeces. Environmental Monitoring and Assessment 185(3), 
2211–2220. doi:10.1007/s10661-012-2702-1

393 Batchelor, T. (2018): Farmers using powerful antibiotic ‘of last resort’ on healthy chickens to boost weight, report finds. Independent. Available at https://www.independent.
co.uk/environment/farmers-chickens-antibiotic-boost-weight-colistin-farm-animals-infections-a8191521.html. [Accessed: 17.6.2020]	

394 Sandrisser, N. (2015): Tiere werden mit Antibiotika regelrecht gemästet. Welt. Available at https://www.welt.de/gesundheit/article139461780/Tiere-werden-mit-Antibioti-
ka-regelrecht-gemaestet.html. [Accessed: 21.4.2020]

395 Köck, R., A. Mellmann, F. Schaumburg, et al. (2011): The Epidemiology of Methicillin-Resistant Staphylococcus aureus (MRSA) in Germany. Deutsches Ärzteblatt International 
108(45), 761–767. doi:10.3238/arztebl.2011.0761	

396 O’Neill, J. (2016): Tackling Drug-Resistant Infections Globally: Final report and recommendations. Review on Antimicrobial Resistance	

397 Fernandes, B. F. S. & P. Caramelli (2019): Ischemic stroke and infectious diseases in low-income and middle-income countries. Current Opinion in Neurology. 32, p.43–48	

398 ReAct & Dag Hammarskjöld Foundation (2019): When the drugs don’t work – Antibiotic resistance as a development problem. ReAct	

399 Bürgmann, H., D. Frigon, W. H Gaze, et al. (2018): Water and sanitation: an essential battlefront in the war on antimicrobial resistance. FEMS Microbiology Ecology 94(9), 
Oxford Academic, doi:10.1093/femsec/fiy101 

400 Alvarez-Uria, G., S. Gandra & R. Laxminarayan (2016): Poverty and prevalence of antimicrobial resistance in invasive isolates. International journal of infectious diseases: IJID: official 
publication of the International Society for Infectious Diseases 52 59–61. doi:10.1016/j.ijid.2016.09.026	

401 Allegranzi, B., C. Kilpatrick, J. Storr, et al. (2017): Global infection prevention and control priorities 2018–22: a call for action. The Lancet Global Health 5(12), Elsevier, e1178–
e1180. doi:10.1016/S2214-109X(17)30427-8

402 Spence, D. P., J. Hotchkiss, C. S. Williams, et al. (1993): Tuberculosis and poverty. BMJ. 307, British Medical Journal Publishing Group p.759–761	

403 Oxlade, O. & M. Murray (2012): Tuberculosis and Poverty: Why Are the Poor at Greater Risk in India? PLoS One. 7	

404 O’Neill, J. (2016): Tackling Drug-Resistant Infections Globally: Final report and recommendations. Review on Antimicrobial Resistance	

405 World Health Organization (2019): Global tuberculosis report 2019. Available at: https://apps.who.int/iris/bitstream/handle/10665/329368/9789241565714-eng.pdf?ua=1 [30.06.2020]

406 World Bank (2017): Drug Resistant Infections: A Threat to Our Economic Future. Washington, DC: World Bank. License: Creative Commons Attribution CC BY 3.0 IGO. 

407 UNDP (2019): Antimicrobial resistance; an emerging crisis. Available at: https://www.undp.org/content/undp/en/home/blog/2019/antimicrobial-resistance--an-emerg-
ing-crisis.html [09.04.2020]	

408 ReAct & Dag Hammarskjöld Foundation (2019): When the drugs don’t work – Antibiotic resistance as a development problem. ReAct	

409 Alividza, V., V. Mariano, R. Ahmad, et al. (2018): Investigating the impact of poverty on colonization and infection with drug-resistant organisms in humans: a systematic review. 
Infectious Diseases of Poverty. 7(1), 76. doi:10.1186/s40249-018-0459-7.	

410 IACG (2019): No time to wait: Securing the future from Drug-Resistant Infections. Report to the Secretary-General of the United Nations. Interagency Coordination Group on Antimi-
crobial Resistance. Available at https://www.who.int/antimicrobial-resistance/interagency-coordination-group/IACG_final_report_EN.pdf?ua=1. [Accessed: 31.3.2020]	

411 Foodsafety.gov (2019): Bacteria and Viruses. FoodSafety.gov. Available at https://www.foodsafety.gov/food-poisoning/bacteria-and-viruses. [Accessed: 21.4.2020]

412 European Food Safety Authority & European Centre for Disease Prevention and Control (2018): The European Union summary report on antimicrobial resistance in zoonotic 
and indicator bacteria from humans, animals and food in 2016. EFSA Journal 16(2), doi:10.2903/j.efsa.2018.5182	

413 WHO (2015): WHO estimates of the global burden of foodborne diseases. World Health Organization, Geneva, Switzerland	

414 Batchelor, T. (2018): Farmers using powerful antibiotic 'of last resort' on healthy chickens to boost weight, report finds. The Independent. Available at: https://www.indepen-
dent.co.uk/environment/farmers-chickens-antibiotic-boost-weight-colistin-farm-animals-infections-a8191521.html [Accessed 16.06.2020]	

415 WHO (2020): Campylobacter. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/campylobacter. [Accessed: 21.5.2020]	

416 Hermans, D., F. Pasmans, W. Messens, et al. (2012): Poultry as a Host for the Zoonotic Pathogen Campylobacter jejuni. Vector-Borne and Zoonotic Diseases 12(2), 89–98. 
doi:10.1089/vbz.2011.0676	  

417 World Health Organization, Food and Agriculture Organization of the United Nations & World Organisation for Animal Health. (2013): The global view of campylobacteriosis: report 
of an expert consultation, Utrecht, Netherlands, 9-11 July 2012. World Health Organization	

418 World Health Organization, Food and Agriculture Organization of the United Nations & World Organisation for Animal Health. (2013): The global view of campylobacteriosis: report 
of an expert consultation, Utrecht, Netherlands, 9-11 July 2012. World Health Organization	

419 WHO Salmonella (non-typhoidal). World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/salmonella-(non-typhoidal). [Accessed: 
21.5.2020]	

420 Andino, A. & I. Hanning (2015): Salmonella enterica: Survival, Colonization, and Virulence Differences among Serovars. ScientificWorldJournal. 2015 

421  CDC (2018): Salmonella Infection. Available at https://www.cdc.gov/healthypets/diseases/salmonella.html. [Accessed: 26.5.2020],

422 Key, F. M., C. Posth, L. R. Esquivel-Gomez, et al. (2020): Emergence of human-adapted Salmonella enterica is linked to the Neolithization process. Nature Ecology & Evolution. 
4, Nature Publishing Group p.324–333	

423 Gal-Mor, O., E. C. Boyle & G. A. Grassl (2014): Same species, different diseases: how and why typhoidal and non-typhoidal Salmonella enterica serovars differ. Front Microbiol. 5,	

424 WHO (2018): Typhoid and other invasive salmonellosis Last updated: September 5, 2018. Vaccine-Preventable diseases. Surveillance Standards. Available at https://www.
who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_21_Typhoid_R2.pdf?ua=1.	

425 Pieters, Z., N. J. Saad, M. Antillón, et al. (2018): Case Fatality Rate of Enteric Fever in Endemic Countries: A Systematic Review and Meta-analysis. Clin Infect Dis. 67, p.628–638

426 CDC Salmonellosis (Nontyphoidal) - Chapter 4 - 2020 Yellow Book -Travelers’ Health. Available at https://wwwnc.cdc.gov/travel/yellowbook/2020/travel-related-infec-
tious-diseases/salmonellosis-nontyphoidal. [Accessed: 25.5.2020] 

427 Stanaway, J. D., A. Parisi, K. Sarkar, et al. (2019): The global burden of non-typhoidal salmonella invasive disease: a systematic analysis for the Global Burden of Disease Study 
2017. The Lancet Infectious Diseases 19(12), 1312–1324. doi:10.1016/S1473-3099(19)30418-9

428 V. T. Nair, D., K. Venkitanarayanan & A. Kollanoor Johny (2018): Antibiotic-Resistant Salmonella in the Food Supply and the Potential Role of Antibiotic Alternatives for Control. 
Foods 7(10), doi:10.3390/foods7100167

429 Wang, X., S. Biswas, N. Paudyal, et al. (2019): Antibiotic Resistance in Salmonella Typhimurium Isolates Recovered From the Food Chain Through National Antimicrobial Resistance 
Monitoring System Between 1996 and 2016. Frontiers in Microbiology 10 doi:10.3389/fmicb.2019.00985

430 WHO (2018): E. coli. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/e-coli. [Accessed: 27.5.2020]

431 European Centre for Disease Prevention and Control (2017): Facts about Escherichia coli. European Centre for Disease Prevention and Control. Available at https://www.ecdc.
europa.eu/en/escherichia-coli-ecoli/facts. [Accessed: 26.5.2020]

432 Canpolat, N. (2015): Hemolytic uremic syndrome. Turkish Archives of Pediatrics/Türk Pediatri Arşivi 50(2), 73–82. doi:10.5152/tpa.2015.2297	

433 Noris, M. & G. Remuzzi (2005): Hemolytic Uremic Syndrome. Journal of the American Society of Nephrology 16(4), American Society of Nephrology, 1035–1050. doi:10.1681/ASN.2004100861



434 European Centre for Disease Prevention and Control (2017): Facts about Escherichia coli. European Centre for Disease Prevention and Control. Available at https://www.ecdc.
europa.eu/en/escherichia-coli-ecoli/facts. [Accessed: 26.5.2020]	

435 FAO Preventing E. coli in Food. Food and Agriculture Organisation of the United Nations. Available at http://www.fao.org/fileadmin/user_upload/agns/pdf/Preventing_Ecoli.pdf. [Accessed: 21.5.2020]

436Canpolat, N. (2015): Hemolytic uremic syndrome. Turkish Archives of Pediatrics/Türk Pediatri Arşivi 50(2), 73–82. doi:10.5152/tpa.2015.2297

 437 Majowicz, S. E., E. Scallan, A. Jones-Bitton, et al. (2014): Global incidence of human Shiga toxin-producing Escherichia coli infections and deaths: a systematic review and knowl-
edge synthesis. Foodborne Pathogens and Disease 11(6), 447–455. doi:10.1089/fpd.2013.1704 

438 FAO & WHO (2019): Shiga Toxin-producing Escherichia Coli (STEC) and Food: Attribution Characterization and Monitoring Report Microbiological risk assessment series. World Health Organization 

439 Collignon, P. (2009): Resistant Escherichia coli— We Are What We Eat. Clinical Infectious Diseases 49(2), Oxford Academic, 202–204. doi:10.1086/599831

440 Pormohammad, A., M. J. Nasiri & T. Azimi (2019): Prevalence of antibiotic resistance in Escherichia coli strains simultaneously isolated from humans, animals, food, and the environment: a system-
atic review and meta-analysis. Infection and Drug Resistance 12 1181–1197. doi:10.2147/IDR.S201324	

441 WHO (2018): The top 10 causes of death. World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death. [Accessed: 27.5.2020]	

442 Guan, W., W. Liang, Y. Zhao, et al. (2020): Comorbidity and its impact on 1,590 patients with COVID-19 in China: A Nationwide Analysis. 
doi:10.1101/2020.02.25.20027664	

443The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team The Epidemiological Characteristics of an Outbreak of 2019 Novel Coronavirus Diseases 
(COVID-19) — China, 2020. China CDC Weekly 2(8), 113–122. doi:10.46234/ccdcw2020.032

444 WHO: Controlling the global obesity epidemic. World Health Organization. Available at https://www.who.int/nutrition/topics/obesity/en/. [Accessed: 27.5.2020]	

445 Charland, K. M., D. L. Buckeridge, A. G. Hoen, et al. (2013): Relationship between community prevalence of obesity and associated behavioral factors and community rates of 
influenza-related hospitalizations in the United States: Obesity, diet, exercise, and influenza. Influenza and Other Respiratory Viruses 7(5), 718–728. doi:10.1111/irv.12019 

446 Morgan, O. W., A. Bramley, A. Fowlkes, et al. (2010): Morbid Obesity as a Risk Factor for Hospitalization and Death Due to 2009 Pandemic Influenza A(H1N1) Disease. PLoS 
ONE 5(3), e9694. doi:10.1371/journal.pone.0009694	

447 Tonstad, S., K. Stewart, K. Oda, et al. (2013): Vegetarian diets and incidence of diabetes in the Adventist Health Study-2. Nutrition, Metabolism and Cardiovascular Diseases 
23(4), 292–299. doi:10.1016/j.numecd.2011.07.004	

448 Tonstad, S., T. Butler, R. Yan, et al. (2009): Type of Vegetarian Diet, Body Weight, and Prevalence of Type 2 Diabetes. Diabetes Care 32(5), 791–796. doi:10.2337/dc08-1886

449 WHO (2017): Cardiovascular diseases (CVDs). World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds). [Accessed: 27.5.2020] 

450 Sinha, R., A. J. Cross, B. I. Graubard, et al. (2009): Meat Intake and Mortality: A Prospective Study of Over Half a Million People. Archives of Internal Medicine 169(6), 562. 
doi:10.1001/archinternmed.2009.6 

451 WHO (2017): Cardiovascular diseases (CVDs). World Health Organization. Available at https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds). [Accessed: 27.5.2020]

452  Zhao, M., M. Wang, J. Zhang, et al. (2020): Advances in the relationship between coronavirus infection and cardiovascular diseases. Biomedicine & Pharmacotherapy 127 
110230. doi:10.1016/j.biopha.2020.110230

453 Guo, T., Y. Fan, M. Chen, et al. (2020): Cardiovascular Implications of Fatal Outcomes of Patients With Coronavirus Disease 2019 (COVID-19). JAMA Cardiology doi:10.1001/
jamacardio.2020.1017 doi:10.1001/jamacardio.2020.1017	

454 Ruan, Q., K. Yang, W. Wang, et al. (2020): Clinical predictors of mortality due to COVID-19 based on an analysis of data of 150 patients from Wuhan, China. Intensive Care 
Medicine 46(5), 846–848. doi:10.1007/s00134-020-05991-x	

455 Wu, Z. & J. M. McGoogan (2020): Characteristics of and Important Lessons From the Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 72 
314 Cases From the Chinese Center for Disease Control and Prevention. JAMA 323(13), American Medical Association, 1239–1242. doi:10.1001/jama.2020.2648	

456 WHO (2015): Q&A on the carcinogenicity of the consumption of red meat and processed meat. Available at http://www.who.int/features/qa/cancer-red-meat/en/ [21.04.2020]	

457 Battershill, P. M. (2006): Influenza pandemic planning for cancer patients. Current Oncology 13(4), 119–120.	

458 Alhalabi, O. & V. Subbiah (2020): Managing Cancer Care during the COVID-19 Pandemic and Beyond. Trends in Cancer doi:10.1016/j.trecan.2020.04.005 doi:10.1016/j.trecan.2020.04.005	

459 Alhalabi, O. & V. Subbiah (2020): Managing Cancer Care during the COVID-19 Pandemic and Beyond. Trends in Cancer doi:10.1016/j.trecan.2020.04.005 doi:10.1016/j.trecan.2020.04.005	

460 Schraer, R. (2020): Coronavirus: Cancer surgery delays risk 'thousands' of deaths. BBC. Available at: https://www.bbc.com/news/health-52722150 [Accessed: 05.06.2020]	

461 Dinmohamed, A. G., O. Visser, R. H. A. Verhoeven, et al. (2020): Fewer cancer diagnoses during the COVID-19 epidemic in the Netherlands. The Lancet Oncology 0(0), Elsevier, 
doi:10.1016/S1470-2045(20)30265-5	

462 Kreuder Johnson, C., P. L. Hitchens, T. Smiley Evans, et al. (2015): Spillover and pandemic properties of zoonotic viruses with high host plasticity. Scientific Reports 5(1), doi:10.1038/srep14830

463 Settele, J., S. Diaz, E. Brondizio & P. Daszak (2020): IPBES Guest Article: COVID-19 Stimulus Measures Must Save Lives, Protect Livelihoods, and Safeguard Nature to Reduce 
the Risk of Future Pandemics. IPBES. Available at https://ipbes.net/covid19stimulus. [Accessed: 20.5.2020]

464 Otte, J., D. Roland-Holst, D. Pfeiffer et al. (2007): Industrial Livestock Production and Global Health Risks. Available at: http://www.fao.org/3/a-bp285e.pdf	

465 Greger, M. (2007): The Human/Animal Interface: Emergence and Resurgence of Zoonotic Infectious Diseases. Critical Reviews in Microbiology 33(4), 243–299. 
doi:10.1080/10408410701647594	

FOOD & PANDEMICS REPORT

Part I: Making the connection – 
Animal-based food systems and pandemics

Part II: Preventing pandemics –
Food-systems change as a multiproblem solution

SIGN-UP FOR PART II HERE

https://proveg.com/food-and-pandemics-report/#sign-up



ProVeg e.V., Genthiner Straße 48, 10785 Berlin 
Email: comms@proveg.com

© Copyright ProVeg e.V.


