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Preface

Global health security has become a major international concern. Our population
faces imminent threats to human and animal health from the emergence and
re-emergence of epidemic-prone infectious diseases, linked to the significant
impact that these outbreaks are already having on national and international
economies. The concept and drivers of disease emergence were clearly docu-
mented 20 years ago in the Institute of Medicine’s seminal 1992 report, Emerging
Infections: Microbial Threats to Health in the United States. (www.nap.edu/
catalog.php?record_id=2008). This volume described the mechanisms leading to
infectious disease emergence and highlighted possible strategies for recognizing
and counteracting the threats. It has long been known that many of these diseases
can cross the species barrier between humans, wildlife, and domestic animals; and
indeed over 70 % of novel emerging infectious diseases are zoonotic, that is, they
have their origins in animal reservoirs. There have been many examples of this
since the Institute of Medicine’s report two decades ago, including the emergence
of H1N1 pandemic influenza virus, the SARS coronavirus, Nipah and Hendra
viruses, Australian bat lyssavirus, Malaka virus, and avian influenza H5N1, to
name but a few.

These diseases remind us that the health of humans, animals, and ecosystems
are interconnected, and that to better understand and respond rapidly to zoonotic
diseases at the human–animal–environment interfaces requires coordinated, col-
laborative, multidisciplinary, and cross-sectoral approaches. This holistic approach
has been referred to as ‘One Health’, indicative of the commonality of human and
animal medicine, and their connection to the environment. Although the concept is
not new, ‘One Health’ has gained added momentum in the aftermath of the SARS
epidemic of 2003 which posed the first major threat to human health and global
economy of the new millennium. These concerns added to the mounting fears that
highly pathogenic avian influenza H5N1 could develop into the next severe
influenza pandemic. Not only would such a pandemic lead to significant mortality
and morbidity, but the World Bank has estimated that it could cause a decline of
up to 5% of global GDP (damages of US$3 trillion), causing far-reaching dis-
ruptions in the lives of people, communities, and countries. There are currently
other potential threats from the new SARS-like coronavirus and H7N9 avian
influenza virus. Thus there are compelling reasons to develop new approaches
that will improve the detection, prevention, and control of zoonotic diseases.
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In particular, it is essential that we breakdown the old concepts of professional
silos and encourage a new era built around trust and multidisciplinary, cross-
sectoral approaches.

The present momentum of ‘One Health’ can also be traced in part to the 2004
meeting of the Wildlife Conservation Society on ‘One World, One Health: Building
Inter-disciplinary Bridges to Health in a Globalized World’. The outcomes of the
meeting were encapsulated in a series of 12 recommendations known as the
Manhattan Principles that set priorities for an international, interdisciplinary
strategy for combating threats to the health of life on Earth (www.
oneworldonehealth.org). The momentum since 2004 has been maintained
through a number of international ministerial meetings, including the International
Ministerial Conferences on Avian and Pandemic Influenza (IMCAPI), which have
been held to discuss issues relating to the spread, transmission, and possible con-
tainment of highly pathogenic avian influenza (H5N1), culminating at the 2010
meeting in Hanoi with the agreement between the Food and Agriculture Organi-
zation (FAO), the World Organization for Animal Health (OIE), and World Health
Organization (WHO), entitled ‘The FAO–OIE–WHO Collaboration: Sharing
Responsibilities and Coordinating Global Activities at the Animal–Human–Eco-
systems Interfaces’. The coordination between these three international organiza-
tions has also led to the formation of the Global Early Warning System for Major
Animal Diseases including Zoonoses (GLEWS) which provides the intelligence
essential to identify and ameliorate both human and animal diseases (www.
glews.net) through sharing of information of disease events, epidemiological
analyses, and risk assessments. In addition, it is highly probable that any new
zoonotic disease would be detected through WHO’s new International Health
Regulations (2005) which are aimed at assisting countries in working together to
save lives and livelihoods through a legal requirement for countries to rapidly
detect and report outbreaks of disease of international concern.

This leadership is an essential component to operationalize ‘One Health’ ideals.
Major scientific meetings have been held in Winnipeg through Health Canada and
at Stone Mountain, Georgia through the Centers for Disease Control and Preven-
tion, and by a wide variety of other interested groups such as the European Com-
mission, joint meetings of FAO–OIE–WHO, Global Risk Forum (Davos), Institute
of Medicine, the World Bank, APEC, and the Asian Development Bank. Many
smaller, national, and regional meetings have also been held to further local ‘One
Health’ planning. Of particular importance has been the information dissemination
by the ‘One Health’ Initiative website (www.onehealthinitiative.com) and the more
recently established ‘One Health’ Global Network’s web portal (www.
onehealthglobal.net) which have continued to build and sustain this momentum
by providing a rapid means of communication and sharing data and news. As the
field of ‘One Health’ matures, we have also begun to see the growing involvement
of ecologists, wildlife biologists, environmental scientists, and the fusion of the
fields of ‘EcoHealth’ and ‘One Health’. There has also been considerable support
for the ‘One Health’ approach in the United States through a partnership of major
professional organizations that have formed the ‘One Health’ Commission, which
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brings together the American Medical Association, the American Veterinary
Medical Association, the American Public Health Association, the Infectious
Diseases Society of America, the Association of American Medical Colleges, and
the Association of American Veterinary Medical Colleges. The inclusion of the
latter two organizations is particularly relevant, breaking down professional bar-
riers or silos through education. A number of universities and colleges are starting
to respond with new ‘One Health’ courses; and one university, the University of
Edinburgh, has developed a Masters postgraduate degree course.

More than 200 years ago, the German writer, artist, and politician, Johann
Wolfgang von Goethe, reminded us that: ‘‘Knowing is not enough; we must apply.
Willing is not enough; we must do.’’ That epithet applies well to the ‘One Health’
movement, because in the midst of all the information that has been gathered about
the health of humans, animals, and ecosystems, as well as the desire of many
people in many nations and organizations to implement viable public health
solutions, application, and action are essential. In this context, ‘One Health’ is not
a new form of governance or a critique of existing patterns of governance. Rather,
‘One Health’ is a movement dedicated to building new levels of trust and trans-
parency between disciplines, nations, organizations, and people. Such trust and
transparency must begin with inspirational educational curriculums, teaching the
next generation of clinicians and veterinarians how to apply and do their own work
in such a way that many others come to appreciate the necessity of ‘‘One Health’’
in tackling difficult problems.

As these two volumes of Current Topics in Microbiology and Immunology go
to press, many countries have established their own national ‘One Health’ policies
and/or committees, recognizing the need to integrate and coordinate their human
and animal surveillance to empower a more effective and rapid cross-sectoral
response to zoonotic disease threats. There is little doubt that the ‘One Health’
concept will continue to develop and provide the coordinated, collaborative,
multidisciplinary and cross-sectoral approaches essential to develop the rapid
detection, and better predictive ability necessary for rapid response to future
threats. In particular, we envisage a greater collaboration among environmental
and ecological scientists with the animal and human health sectors of the ‘One
Health’ movement. The linkages between the underlying socioeconomic and
environmental drivers of emerging diseases, and the threat of pandemic emergence
will likely be one area in particular where collaboration will be fruitful.

The purpose of these volumes is to present an overview of the ‘One Health’
movement, and in doing so, demonstrate the breadth and depth of its recent global
development. The first volume has been divided into two Parts. The first part
entitled ‘‘The Concept and Examples of a One Health Approach’’ examines ‘One
Health’ from different perspectives especially that of human health and veterinary
medicine, whether domestic or wildlife, the importance of understanding the
different interfaces, the role of ecological science, and the compelling economics
driving their cooperation and coordination. This is then followed by a series of
examples where a ‘One Health’ approach has been useful in responding to specific
diseases in the field. The second volume entitled ‘‘Food Safety and Security, and

Preface vii



International and National Plans for Implementation of One Health Activities’’
explores the importance of ‘One Health’ in food safety and food security. These
are crucially important issues that are often not given the prominence they require
and deserve as the world seeks to feed a growing population. This second volume
also describes some of the international, regional, and national activities and plans
to implement ‘One Health’ approaches. The final Part describes additional activ-
ities and approaches to strengthen the ‘One Health’ movement and increase its
momentum in different ways. By reading, reflecting, and acting on the scale and
depth of ‘One Health’ as set out in these volumes, you will be making your own
contribution to the movement. Do not underestimate the importance of that
contribution.
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Food Safety and Food Security: A One

Health Paradigm



Food Safety: At the Center of a One
Health Approach for Combating Zoonoses

Peter R. Wielinga and Jørgen Schlundt

Abstract Food Safety is at the center of One Health. Many, if not most, of all
important zoonoses relate in some way to animals in the food production chain.
Therefore, the food becomes an important vehicle for many, but not all, of these
zoonotic pathogens. One of the major issues in food safety over the latest decennia
has been the lack of cross-sectoral collaboration across the food production chain.
Major food safety events have been significantly affected by the lack of collabo-
ration between the animal health, the food control, and the human health sector.
Examples range from BSE and E. coli outbreaks over dioxin crises to intentional
melamine contamination. One Health formulates clearly both the need for and the
benefit of cross-sectoral collaboration. In this chapter, we will focus on the human
health risk related to zoonotic microorganisms present both in food animals and
food from these animals, and typically transmitted to humans through food. We
focus on these issues because they are very important in relation to the human
disease burden, but also because this is the area where some experience of cross-
sectoral collaboration already exist. Food related zoonoses can be separated in
three major classes: parasites, bacteria, and viruses. While parasites often relate to
very specific animal hosts and contribute significantly to the human disease bur-
den, virus have often been related to major, well-published global outbreaks, e.g.
SARS and avian- and swine-influenza. The bacterial zoonoses on the other hand
often result in sporadic, but very wide-spread disease cases, resulting in a major
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disease burden in all countries, e.g. Salmonella and Campylobacter. Next to these
traditional zoonotic problems, the use of antimicrobials in (food) animals has also
caused the emergence of antimicrobial resistant (AMR) zoonotic bacteria. It is
important to realize the difference in the nature of disease epidemiology, as well
as, in society’s reaction to these diseases in different socio-economic settings.
Some diseases have global epidemic—or pandemic—potential, resulting in dra-
matic action from international organizations and national agricultural—and
health authorities in most countries, for instance as was the case with avian
influenza. Other diseases relate to the industrialized food production chain and
have been—in some settings—dealt with efficiently through farm-to-fork pre-
ventive action in the animal sector, e.g. Salmonella. Finally, an important group of
zoonotic diseases are ‘neglected diseases’ in poor settings, while they have been
basically eradicated in affluent economies through vaccination and culling policies
in the animal sector, e.g. Brucella.
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1 Introduction

How can food safety action play a key role in a generic One Health approach?
Already in ancient times it was understood that humans could get sick from con-
sumption of infected meat, and that keeping your animals healthy improved your
own health. Our current health situation has much improved, simply by keeping
animals healthy through good management and hygiene, vaccination programs and
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prudent drug treatment. Nevertheless, there are still many zoonotic diseases that
threaten human health, including diseases hosted by all kinds of animals, ranging
from wildlife to domestic animals, whether in companionship—or agricultural
setting. Given the large amount and the obvious close contact we have with animals
by raising/hunting, slaughtering, and eating them or their products (e.g. milk, eggs),
food animals and wildlife form the largest reservoirs and production grounds for
emerging zoonotic pathogens. Caused to some degree by our modern animal pro-
duction methods, we now increasingly use antibiotics also in animal production,
both for treatment and for growth promotion, thereby contributing significantly to
the occurrence of an emerging risk: Anti Microbial Resistant (AMR) bacteria.

The action of authorities to protect society from zoonotic diseases differ signifi-
cantly according to socio-economic status of the society in question, but also
according to the zoonotic pathogen in question. Basically, zoonotic diseases related
to food animals can be separated into three groups: Diseases with a potential for
global spread with a dramatic public relation potential, such zoonotic diseases are
often caused by virus and have resulted in dramatic action, including political action
in most countries, e.g. SARS, avian influenza, and swine flu. Other diseases relate to
the industrialized food production chain and are broadly distributed in all such
production systems, which are found in all countries, rich or poor. The prevention of
these diseases need to be considered along the full production chain, but most
countries have yet to deal efficiently with these zoonoses, including pathogens such
as Salmonella and Campylobacter. Finally, an important group of zoonotic diseases
have been eradicated or drastically reduced in affluent economies through vaccina-
tion and culling policies or through introduction of hygienic management practices.
In most poor settings these diseases are ‘neglected diseases’ which receive very little
attention from national authorities or even international organizations. This group
includes Brucella, bovine tuberculosis (TB), and cysticercosis to name a few.

Common to all groups is the potential for a dramatic reduction in the disease
burden—as well as the economic repercussions—of these diseases through cross-
sectoral surveillance and action. This means that a One Health approach represents
a significant potential for improvement.

2 Transmission Routes

Through eating, direct contact, and via the environment, the human—and the
animal bacterial flora are in contact with each other. Figure 1 outlines the most
important transmission routes for bacteria between the human and the animal
reservoir. Via these routes bacteria from (food) animals may enter the human
reservoir and vice versa.

The foodborne route is probably the most important gateway for this contact.
The vast majority of infections with enteric zoonotic bacterial pathogens, such as
Salmonella enterica, Campylobacter coli/jejuni, and Yersinia enterocolitica,
probably occurs through this route. For other zoonotic pathogens, direct contact

Food Safety 5



between animals and humans may also be an important route of transmission,
this could be the case for Brucella spp., Enterohemorrhagic Escherichia coli
(EHEC) or some newer strains of Methicillin Resistant Staphylococcus aureus
(MRSA). Bacteria from production animals are widespread in the environment,
mainly as a result of their presence in manure. Thus, the environment and wild
fauna also transforms into reservoirs of foodborne pathogens and resistance, and
forms a source of (resistant) pathogenic bacteria into the food animals and
human reservoirs. Although consumption of wildlife is not considered a major
route in many developed countries, wildlife is consumed at a substantial level in
developing countries. In addition, because of generally lower bio-safety levels in
rural animal keeping, contact between humans and food animals may in general
be more frequent in these countries. For instance, the general understanding now
is that the SARS epidemic in 2003 originated in direct human contact with and/
or consumption of, wildlife, or indirectly through contact between wildlife and
domestic animals (Guan et al. 2003; Shi and Hu 2008). Wildlife holds a broad
spectrum of diseases including some of the most deadly ones. For this reason
also the consumption of wildlife animals, and the spillover of infectious diseases
from wildlife to food/production animal, is of global importance.

Human

Food animals
Meat/milk/eggs etc

Patients

Production animals

Wild life

Sick animals

Direct contact and products 
(eg.skin)

Human medicine Veterinary medicineFood & consumer authorities

Environment

Fig. 1 Schematic presentation of important microbial transmission routes via which the human
and (food) animals are in contact with each other. In blue control mechanisms are shown and in
red some of the transmission routes that cannot be controlled, or escape control. Via the
environment transmission may take place, through microbes present in excretion products and
diseased animals, and in some countries also diseased humans. Next to the animals that are
produced for direct consumption, in many developing countries animals are used as working
animals to produce food and are thus included in this scheme. in these scheme. These animals
when old or ill are often consumed (red dashed line), rather than destructed. Wildlife holds a
broad spectrum of diseases including many highly pathogenic and deadly diseases. Though, the
incidence may be low, because the associated risks are high, the consumption of wildlife animals
and the spillover from wildlife to food/production animal is of importance. In Western countries
wildlife is of lesser importance, however, in many developing countries and upcoming economies
wildlife consumption may still be substantial, for instance in rural areas because of availability, as
delicacies or other reasons. Moreover, in developing countries contact between humans and food
animals may in general be easier and more frequent
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3 Food Animal Zoonoses in General

Although a number of very important zoonoses are related to—and in some cases
directly transmitted from wildlife animals—the vast majority of zoonotic disease
cases in the world actually relate to animals bred for food purposes. Such zoonotic
pathogens include bacteria, such as Brucella, Salmonella, Campylobacter, vero-
toxigenic E. coli, and Leptospira, parasites, such as Taenia, Echinococcus, and
Trichinella or virus, such as Influenza A H5N1 (Avian influenza) and Rift Valley
Fever virus. It of course also includes ‘unconventional agents’, such as prions, of
which the most well-known is the one causing Bovine Spongiform Encephalop-
athy (BSE) in cows and new variant Creutzfeldt-Jakob disease in humans.

Diseases originating on the farm can in many cases be efficiently dealt with on
the farm. For example, brucellosis in animals (mainly cattle and sheep) has been
eliminated in many countries, thereby virtually eliminating the human disease
burden (Godfroid and Käsbohrer 2002). Also, some of the main parasites can be
effectively controlled at the farm level, and this could work for both Taenia solium
in pigs (defined by WHO/FAO/OIE as a ‘potentially eradicable parasite’), as well
as, Trichinella spiralis (in many animals, including pigs); both have essentially
been eliminated from farmed pigs in several northern European countries (WHO/
FAO/OIE 2005; Gottstein et al. 2009).

3.1 Zoonoses Related to the Food Production Chain

Outbreaks of viral diseases in humans, originating in or spreading through farm
animals (avian flu—H5N1 and ‘swine flu’—H1N1) have caused major global
alerts in the last decade. These zoonotic, global influenza outbreaks (H1N1 even
characterized by WHO as a pandemic) spread very quickly either in the animals
(H5N1) or directly in the human population (H1N1). Although the total human
disease burden related to the endemic bacterial zoonoses are probably manifold
higher than these influenza outbreaks, it is basically these relatively few (but
clearly global) outbreaks that have put One Health on the global agenda. The
failure to predict or even monitor disease spread in animals in order to link this to
the prevention of disease in humans, presented regulators, and politician with a
wake-up call regarding the need for cross-sectoral collaboration between the
animal and human health sectors.

In contrast to the dramatic viral outbreaks, bacterial food-related zoonoses are
usually occurring endemically in farm animals. These pathogens are found in most
food animals produced in industrialized settings. It should be realized that most
countries—including most developing countries—have a significant part of the
food animal production in some sort of industrialized setting. Such settings are
invariably linked to a number of important zoonotic pathogens, including Sal-
monella, Campylobacter, and Escherichia coli. These pathogens, while
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widespread and endemic and in reality causing a major global disease burden, are
not often recognized as important human pathogens. Part of the reason for this is
the absence of a One Health framework, a framework that could ensure cross-
sectoral collaboration and data-sharing and thereby lay the foundation for a real-
istic description of the situation, as well as, of potential sensible solutions. There
are some countries (especially in northern Europe) that have instituted cross-
sectoral data collection for zoonoses, typically through a construction called
Zoonosis Centers. The data sharing across animal, food, and human health sectors
have enabled science-based solutions, resulting most noticeably in significant
reduction in human salmonellosis through lowering Salmonella prevalence in
animals (Wegener et al. 2003). These constructions and solutions are clearly
following One Health principles, and have basically done so since 1994! Similar
solutions would be relevant in all countries with industrialized food animal pro-
duction, but it is noteworthy that efficient solutions in this (sometimes called
commercial) part of a national production system often will have repercussions
also down to the traditional poor farmer (sometimes referred to as the communal
production system). For instance, Salmonella enteritidis entered Zimbabwe
through imported animals (poultry) in the commercial sector around 1993, and
thereafter spread quickly to the communal sector, as well as, to the human pop-
ulation (Matope et al. 1998). The background for this is most likely that old
animals from the commercial sector are sold to communal production systems.
And where the animal goes the pathogen goes—therefore lowering the prevalence
in the commercial sector would enable a reduction in prevalence also in the
communal sector, thereby in turn lowering the human incidence of disease.

The spread of foodborne zoonoses through the food production chain has for
more than 20 years been referred to as a ‘farm-to-fork’ (or ‘boat-to-throat’) issue
related to the different stages of food production, but often originating at the farm
(or all the way back to the feed used at the farm). This realization clearly

Consumer
Patient

Animal
production

Human medicine Veterinary medicineFood & consumer authorities

Food Feed
Harvesting
Slaugtering

Preparation
Storage

Product

1234567Stage

Farmers ProducersRetailersRestaurants
Consumers

ProducersPublic Health
Consumers

Fig. 2 Farm-to-fork scheme showing how infectious diseases may travel through the food chain.
We have arbitrary defined seven stages that may be distinguished in the production chain of most
animal derived foods. For individual food types, or non animals derived foods, different chains
may be drawn in a similar way. Different controlling organizations are presented in the top of the
picture and different stakeholders are presented in the lower part of the figure
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represents original One Health thinking, and it should be noted that risk mitigation
solutions under this framework typically have focused on a consideration of the
full food production continuum, involving all relevant stakeholders. Figure 2 tries
to capture a generalized picture of such a chain, starting with animal feed and
ending in human consumption of animal-based food products.

3.2 Zoonoses Related to Poverty

Whereas zoonotic diseases with pandemic potential, such as avian or ’swine’
influenza and SARS, have received committed attention from world leaders, and
while zoonotic diseases related to industrialized food production systems have
received some recognition leading to—at least in some countries—efficient risk
mitigation action, a number of very important zoonotic diseases, disproportion-
ately affecting poor and marginalized populations, are largely ignored.

These types of zoonoses are many, and the prevalence in animal populations
vary according to local agricultural, demographic, and geographic conditions. For
many such diseases solutions to dramatically decrease the disease burden are well-
known, but action is lagging (for example, for many of the parasitic zoonoses).
WHO refers to such diseases as ‘Neglected Diseases’ (Molyneux et al. 2011).

The group of Neglected Zoonoses include bacterial diseases, such as brucellosis
(with significant sequelae), leptospirosis, Q-fever (with high mortality), and bovine
TB. Bovine TB appears to be increasing in many poor settings with HIV infections
as an important factor for progression of TB infection to active TB disease. For
both, brucellosis and bovine TB the disease in cattle causes lowered productivity,
but seldom death, and both infections have been largely eradicated from the bovine
population in the developed world, by a test-and-slaughter program, thereby in
effect eliminating this human health problem (Godfroid and Käsbohrer 2002).

Important zoonotic parasitic diseases include schistosomiasis, cysticercosis,
trematodiasis, and echinococcosis, several of which with significant mortality rates
or long-term sequelae including cancer and neurological disorders. Cysticercosis is
emerging as a serious public health and agricultural problem in poor (García et al.
2003). Humans acquire Taenia solium tapeworms when eating raw or undercooked
pork meat contaminated with cysticerci. The route of transmission is, pigs are
infected through Taenia eggs shed in human feces, and the disease is thus strongly
associated with pigs raised under poor hygienic conditions. This again means that
the cycle of infection can be relatively easily broken when introducing efficient
management, as has been the case in most developed countries.

Given that 70 % of the rural population in poor countries is dependent on
livestock and working animals to survive (FAO 2002), the effect of these ani-
mals carrying a zoonotic disease can be dramatic, both relative to human health
directly, but also as it affects the potential to earn an income. This also affects
the potential mitigation action; for instance the large-scale culling of animals,
which can be a viable solution in rich countries, might be problematic in the
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poorest countries. Such solutions would mean not only loss of food, but also a
serious socio-economical disruption, in some cases leading to national instability.

4 AMR in Food Animals

In the early 1940s, antibiotics were first introduced to control bacterial infections
in humans. The success in humans led to their introduction in veterinary medicine
in the 1950s, where they were used in both production and companion animals.
Next to agricultural animals, antibiotics, nowadays, have also found their way into
intensive fish farming and some are used to control diseases in plants. Their use is
thus wide-spread.

Antibiotics in animals are used essentially in three ways: for therapy of
individual cases, for disease prevention (prophylaxis) treating groups of animals,
and as antibiotic growth promoters (AGP). For AGP use, antibiotics are added to
animal feed at sub-therapeutic concentrations to improve growth. The mecha-
nism by which this works was (and still is) unclear, nevertheless, this type of
antibiotic use led to a steep increase in antibiotic consumption when it was
introduced. In general, when first introduced, the use of antibiotics led to
improved animal health and most likely to higher levels of both food safety and
food security. The use of antibiotics therefore sky-rocketed. Between 1951 and
1978, the use in the United States alone went from 110 to 5580 tons (WHO
2011).

However, the use of antibiotics in animals has over the years also resulted
in a selective pressure for AMR microorganisms, contributing significantly to
the human health problem of AMR bacteria; notably a number of bacterial
strains that were previously susceptible to antibiotics are now, in very high
frequencies, becoming resistant to these antibiotics, some of them representing
very important or even last resort treatment potential for humans (Bonten
et al. 2001). Nowadays, there are serious efforts by national authorities and
some international organizations to reduce the antibiotic overuse in animal
production (WHO 2011; FAO/OIE/WHO 2003), especially—but not only—
through abolishing their use as AGP. However, there seems to be major
problems in ensuring cross-sectoral understanding, and indeed cross-sectoral
solutions in this area. The veterinary profession and the medical profession is
seen as accusing each other of AMR problems, and in a sense they are both
right—all use of antimicrobials can cause AMR, therefore both animal and
human use cause problems. But in order to achieve a science-based under-
standing of the problem, we need data on both animal and human uses, and
about both AMR in bacteria in animals, in food, and in humans. Therefore, a
One Health approach in which all stakeholders work together will be neces-
sary to investigate the problems and provide science-based solutions that can
efficiently reduce the spread of AMR bacteria from animals to humans (most
often through food) and vice versa (most often through the environment).
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5 National and International One Health Efforts to Control
Food Related zoonoses

5.1 Efforts to Contain Zoonoses

Clearly, through the increase in global trade and travel ‘the world has become a
village’. Food we eat today could have come from animals raised yesterday,
thousands of miles away. To combat zoonotic foodborne zoonoses we need
improvements and adjustments in our food production systems based on a global
vision and approach. Internationally, different organizations have recognized that
combating zoonoses is best done via a One Health approach. The World Health
Organization (WHO), the World Organization for Animal Health (OIE), and the
Food and Agriculture Organization of the United Nations (FAO), agreed a seminal
paper: ‘A Tripartite Concept Note’ (FAO/OIE/WHO 2011) in which they express
the need to collaborate for a common vision. Given the impact zoonotic disease
have in particular on the most vulnerable sectors in our societies, the World Bank
and the United Nations Children’s Fund (UNICEF), as well as, the United Nations
System Influenza Coordinator (UNSIC), share this One Health strategy to combat
zoonotic disease (UN 2008). A One Health approach will open solution scenarios
that are now not considered for treatment of the zoonoses problems because of the
costs involved. For instance, while vaccination in some cases is the ultimate tool to
prevent disease, it is often not considered because the costs of mass vaccination
can be much higher than the public health benefit savings. Getting a true picture of
the cost for the different stakeholders and setting up a framework for sharing of
estimates of cost, as well as, mitigation strategies could likely enable (new) ways
of reaching sensible solutions (Narrod et al. 2012).

While collaboration and control at the international level can help prevent the
global spread of zoonotic disease and facilitate outbreak control at national levels,
this is not enough. Many countries have established specialized infectious disease-
or zoonosis centers in which zoonotic disease in particular are the focus of the
work, and which help to establish and coordinate collaboration between the dif-
ferent sectors. Many of these work centers and these initiatives do focus on
zoonoses originating from food animals, both from animals kept in industrialized
settings and wildlife animals.

To monitor zoonotic outbreaks, many national authorities and relevant experts
at country level, report important outbreaks that have the potential of cross-
border spread to WHO, under the auspices of the International Health Regula-
tions (WHO 2005). In addition, reporting is also often done on a more voluntary
basis to ProMED-mail (http://www.promedmail.org), which is an internet-based
Program for Monitoring Emerging Diseases worldwide, setup by International
Society for Infectious Diseases and supported by many different (anonymous)
institutes and individuals. The program is dedicated to rapid global dissemination
of information on outbreaks of infectious diseases and acute exposures to toxins
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that affect human health, including those in animals and in plants grown for food
or animal feed, and thereby supports the One Health principles.

Many of the (international) organizations and governing bodies named above
have generated guidelines to control—and disseminate information about–food
related zoonoses, such as for instance, WHO’s Global Foodborne Infections Net-
work (GFN) (www.who.int/gfn), the European Food Safety Authorities (EFSA)
(www.efsa.europa.eu/en/topics/topic/zoonoticdiseases), Foodnet from the US
Center for disease control (www.cdc.gov/foodnet), the Med-Vet-Net Assosiation
(www.medvetnet.org )and others. The goal of these networks is essentially the
same: To help capacity-building and promote integrated, laboratory-based
surveillance and intersectional collaboration among human health, veterinary and
food-related disciplines to reduce the risk of foodborne infections.

5.2 Efforts to Contain AMR Zoonoses

The emergence of AMR in (food) animals is now getting significant attention, and
One Health principles have been suggested to deal efficiently with these problems.
Collaboration between the FAO/WHO Codex Alimentarius Commission and the
OIE (the World Animal Health Organization) have generated important guidance,
on how an integrated approach and the prudent use of antimicrobials can help to
reduce the risk of the emergence of AMR in (food) animals, and thereby in
humans. This guidance for the prudent use of antibiotics can be found on their
respective website (e.g. www.codexalimentarius.org; www.who.int/foodborne_
disease/resistance; http://www.oie.int/our-scientific-expertise/veterinary-products/
antimicrobials/).

Already before this One Health approach was initiated ‘Global Principles for
the Containment of Antimicrobial Resistance in Animals Intended for Food’ have
been generated (WHO 2000). The three major tenets of these principles are:

• Use of antimicrobials for prevention of disease can only be justified where it can
be shown that a particular disease is present on the premises or is likely to occur.
The routine prophylactic use of antimicrobials should never be a substitute for
good animal health management.

• Prophylactic use of antimicrobials in control programs should be regularly
assessed for effectiveness and whether use can be reduced or stopped. Efforts to
prevent disease should continuously be in place aiming at reducing the need for
the prophylactic use of antimicrobials.

• Use of antimicrobial growth promoters that belong to classes of antimicrobial
agents used (or submitted for approval) in humans and animals should be ter-
minated or rapidly phased-out in the absence of risk-based evaluations.

These Global Principles have been supplemented with, (1) guidance on the
prudent use of antibiotics from the Codex Alimentarius Commission together with
OIE, and (2) six priority recommendations from WHO to reduce the overuse/
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misuse of antibiotics in food animals for the protection of human health (WHO
2001), which are:

1. Require obligatory prescriptions for all antibiotics used for disease control in
(food) animals.

2. In the absence of a public health safety evaluation, terminate or rapidly phase
out the use of antibiotics for growth promotion if they are also used for
treatment of humans.

3. Create national systems to monitor antibiotic use in food-animals.
4. Introduce pre-licensing safety evaluation of antibiotics (intended for use in food

animals) with consideration of potential resistance to human drugs.
5. Monitor resistance to identify emerging health problems and take timely cor-

rective actions to protect human health.
6. Develop guidelines for veterinarians to reduce overuse and misuse of antibi-

otics in food animals.

In the latest publication of the WHO (regional office for Europe (WHO 2011)),
which covers the broader scope of AMR in relation to both animal and human use,
a One Health approach is promoted to help tackle the rise of AMR and seven
recommendations have been suggested: To strengthen national multisectoral
coordination for the containment of antibiotic resistance; to strengthen national
surveillance of antibiotic resistance; to promote national strategies for the rational
use of antibiotics and strengthen national surveillance of antibiotic consumption;
to strengthen infection control and surveillance of antibiotic resistance in health
care settings; to prevent and control the development and spread of antibiotic
resistance in the food-chain; to promote innovation and research on new drugs and
technology; and to improve awareness, patient safety, and partnership.

Many countries have generated programs to contain zoonoses and AMR zoonoses
based on these UN Principles and Guidelines. In particular, the Danish program to
contain AMR zoonoses has gained international attention and has been analyzed in
different publications (WHO 2003; Aarestrup et al. 2010; Hammerum et al. 2007). The
reason for this may have been the early One Health approach which the Danish
government and different stakeholders proposed to combat AMR. The decision to do
so came after publication of the finding that 80 % of Enterococci in chicken were
highly resistant to vancomycin, which is a last resort drug for human therapy (Wegener
et al. 1999). The reaction to this dramatic finding was the initiation of a knowledge—
and collaboration platform to combat AMR: the Danish Integrated Antimicrobial
Resistance Monitoring and Research Program (DANMAP) in 1995, supported by the
Danish Ministries of Health, of Food, Agriculture and Fisheries and of Science,
Technology, and Innovation. Figure 3 shows how DANMAP is organized and how the
three sectors (animal health, food safety, and public health) work together.

The objectives formulated for DANMAP, and which have been updated over
time, are: (1) to monitor the consumption of antimicrobials used in (food) animals
and humans, (2) to monitor the occurrence of AMR in (zoonotic) bacteria in
animals, food, and humans, (3) to study the associations between antimicrobial
consumption and antimicrobial resistance, and (4) to identify routes of
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transmission and areas for further research studies. One of the findings from
DANMAP was that data on drug usage are essential for a good understanding of
the problem. In Denmark, an automated program called Vetstat has been intro-
duced to collect quantitative data on all prescribed medicine for animals from
veterinarians, pharmacies, and feed mills (Stege et al. 2003). With this informa-
tion, it has been possible for the Danish Veterinary and Food Authority (DVFA) to
introduce ‘‘The Yellow Card Initiative’’ (DVFA 2012). Like in a football match,
farmers and veterinarians get a card when their antimicrobial use is excessive, and
only by reducing the antibiotic use (for instance, by adopting management
methods from low users) they can lose the card. This does not only work as a stick,
it also gives the users a sense of how well they are doing compared to their
colleagues. In the European Union, several countries now have started to collect
similar data to compare antibiotic use at country level (EMA 2011).

6 A Global Identifier for One Health Microbiology

To understand and anticipate the transmission offoodborne infections, and infectious
diseases in general, it is important to monitor infectious diseases at critical points
throughout the feed-to-food chain. To do this efficiently, different sectors should
collect data in a harmonized way, so data can be compared and integrated. Histori-
cally, however, different sectors have been using different techniques. Since the

Fig. 3 Organization of DANMAP showing how the different institutes and agencies work
together and how the information on AMR in humans, animals, and food is brought together in
DANMAP (taken from: www.danmap.org)
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publication of the first sequenced human genome in 2003, DNA sequencing has taken
a giant leap forward. For public health as well as for veterinary science, whole
genome sequencing (WGS) may take disease diagnostics to a new level. The
potential efficiency has already been shown by the tracking of the massive cholera
outbreak in Haiti in 2010 and more recently, in diagnosing the multi-resistant
Klebsiella Oxa48 outbreak in a hospital in Rotterdam, the Netherlands (Potron et al.
2011). And in 2011, the serious EHEC outbreak in Germany was traced back to
Egyptian imported fenugreek seed using WGS (Mellmann et al. 2011).

In Brussels, September 2011, an international group of scientists from all over
the world, with representatives from OIE, WHO, EC, USFDA, US CDC, E-CDC,
universities, and public health institutes concluded that, although the technology to
do WGS for microorganisms is available, a global genomic database to make
efficient use of WGS information is still missing (Kupferschmidt 2011). Such a
database is needed and should be open to, and supported by, scientists from all
fields: human health, animal health, and food safety, and should include genomic
data for all types of microorganisms as well as meta-data to trace back the source
of the microorganism. Building such a database is only possible through a One
Health approach on all levels. There should be cooperation internationally, across
sectors (e.g. human, animal, and food), as well as, between different stakeholders.
Persuing such a major goal will not only be beneficial for the developed world, but
maybe especially for developing countries. For them, genomic identification will
be a giant leap forward in the fight against infectious diseases, and could be
likened to the spread of cell phones, which made expensive and exclusive land-
lines unnecessary and made communication possible for everybody. Identification
and typing of microorganisms will suddenly become technically and economically
feasible, enabling control and prevention efforts previously missing in many
regions. At the same time, developing countries moving to use this technology will
not need to develop expensive specialized lab systems since microbiological lab
work will basically be the same for bacteria, parasites, and viruses. If set up in a
sensible, inclusive, open-source framework WGS analysis will provide the world
with a strong weapon in the fight to combat infectious diseases in all sectors.

7 Conclusions

A One health approach may be synergistic in controlling zoonotic diseases to support
both sufficient food safety and sustainable food security. Clearly, because of the
unique situation of transmissibility between humans and animals, zoonosis control
relies on the control of the microorganisms in (1) animals, (2) the food chain, and (3)
humans. In addition, as many zoonoses find their origin in animals before being
transmitted to humans, the most effective intervention is often achieved at the source,
i.e. the animals or, when this is not possible, by blocking the transmission to humans.

The approaches that need to be taken to reduce the risk of human disease from
food animal zoonoses should include involvement of all stakeholders from the
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human and animal health side. They should work together to keep and improve
animal health and animal food production such that potentially harmful zoonoses
get the lowest chance of surviving in animals or entering the transmission route to
humans. At the transmission level, it will be of major importance to involve food
and consumers authorities and related stakeholders to make sure the spillover from
the animal reservoir is kept as low as possible.

The level of involvement of the different stakeholders will differ per country or
type of disease. Given that 70 % of the rural population in poor countries is
dependent on livestock and working animals to survive, the effect of these animals
carrying a zoonosis will work out differently than in the industrialized countries. It is
important to realize that the focus on zoonotic pathogens with a potential for dramatic
global spread (such as avian influenza) is significantly higher than the focus on
endemic zoonotic pathogens in the food production chain, even though such
pathogens are globally distributed and cause a dramatic disease burden (e.g. Sal-
monella). And it is as important to realize that a number of the most important
zoonoses relate directly to food production systems in poor settings, that could be
reduced dramatically through well-known interventions (such as Brucella, bovine
TB, and cysticercosis).
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The Importance of a One Health
Approach to Preventing the Development
and Spread of Antibiotic Resistance

Peter Collignon

Abstract Antibiotic resistance is a continuing and growing problem. Antibiotic
resistance causes increased deaths, complications, expenses and prolonged hospital
stays. There are not likely to be many new classes of antibiotics becoming available
in the next few decades. We need to take a ‘‘One Health’’ perspective to this problem.
We need to preserve the usefulness of those antibiotics we currently have by
decreasing their overall use in all sectors, and especially the use of broad spectrum
agents. We also need to improve our ability to prevent infections and the spread of
resistant bacteria wherever they arise or are found. This means improving our
practices with infection control, hygiene and animal husbandry. We need to improve
the development and the delivery of effective and safe vaccines to prevent infections.
We need safe water supplies. Our failure to do this has already resulted in large
numbers of people entering a ‘‘post-antibiotic era’’ for many common infections.
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1 Introduction

The ever increasing problem of antimicrobial resistance demonstrates why the
concept of ‘‘One Health’’ is so vital. This concept helps us to better understand
why the problem of antimicrobial resistance is currently so pervasive and then to
understand how we should best intervene to improve the situation.

Antibiotic resistance is growing at an ever increasing rate in almost all bacterial
species that cause disease in people and animals. There is also little prospect that any
new class of effective drugs will be developed and become available to use in the next
10 years to treat serious infections caused by these resistant bacteria. We are now
seeing more and more people die with common infections that were easily treatable
with effective antibiotics 20 years ago. This is a growing pandemic (Carlet et al. 2011).

For many people around the world, particularly those in developing countries, they
have already returned to the preantibiotic era because of rising resistance in some of the
most common bacteria causing serious bacterial infections in people, e.g. Escherichia
coli. An ever increasing proportion of these infections are now untreatable. For many
infections caused by E. coli in countries such as India and China, there are no longer
any readily available and effective oral therapies. Even when people are able to afford
and access hospital care, no effective injectable antibiotics may be available.
Unfortunately, there continues to be dramatic rises and spread of resistant bacteria—
more recently Gram-negative strains resistant to broad spectrum cephalosporins and
carbapenems (Kumarasamy et al. 2010; Walsh et al. 2011).

Antimicrobials are essential drugs. They are needed to maintain the health and
welfare of people. In people, serious bacterial infections remain common and include
bloodstream infections, meningitis, pneumonia and peritonitis. In the era before anti-
biotics, blood stream infections with Staphylococcus aureus and Streptococcus pneu-
moniae were associated with mortality rates of over 80 % (Finland et al. 1959).
Antimicrobials are also important for animal health. Antimicrobial drugs are not
effective against resistant bacteria.
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The antibiotics last century was correctly hailed as ‘‘miracle drugs’’. Their
development and use quickly led to dramatic decreases in the mortality and
morbidity rates of common life-threatening bacterial infections. These dramatic
observed affects, however, had a major downside—the continuing massive overuse
of antibiotics in both people and in food animals. This overuse was also of poor
efficacy. In people, most antibiotic use is mainly for conditions where the benefits
are either nonexistent or marginal (e.g. viral infections, bronchitis, etc.). However,
the majority of antibiotic volumes used in the world continue to be used in food
animals. In contrast to people this antimicrobial use is not for the therapeutic use
of individual sick animals. The vast majority of use of antimicrobials in food
animals (when usage can be measured) continues to be for growth promotion and
for mass prophylaxis.

Antibiotic resistance is harmful and associated with worse outcomes. Serious
infections caused by resistant bacteria do not respond as well to therapy and are
associated with higher mortalities and prolonged hospital stays (Carlet et al. 2011;
Cosgrove et al. 2003; de Kraker et al. 2011; Klevens et al. 2007; Tumbarello et al.
2010; Wang and Chen 2005).

1.1 What are the Consequences of Antimicrobial Resistance?

For people infected with resistant bacteria there are many additional problems;

• Antibiotics need to be used are often much more expensive (e.g. linezolid
compared to ampicillin to treat enterococcal infections).

• Antibiotics that need to be given intravenously instead of orally (e.g. for E. coli,
meropenem instead of oral amoxycillin).

• Antibiotics with lower intrinsic activity need to be used (e.g. vancomycin
compared to flucloxacillin to treat resistant S. aureus infections).

• There may be in the future no antibiotic available for them that is active against
the bacteria causing their infection.

These factors result in

• increased deaths,
• increased complications,
• additional expenses,
• prolonged hospital stays,
• additional toxicity and
• the need to for intravenous therapy rather than oral therapy.

In food animals the consequences are similar (although the examples will be
different).
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1.2 One Health, the Environment and Antimicrobial Resistance

Wherever antibiotics are used, resistant bacteria eventually develop and spread.
This occurs both with people and animals. These resistant bacteria spread from
person to person, animals to animals, people to animals and animals to people. They
contaminate waterways when excretions or waste from either people or animals
enters these waterways. They also are found frequently in food produced from
animals that have received antibiotics. Slaughter processes and distribution net-
works result in cross contamination of many food products with resistant bacteria.

The extensive use of antimicrobials in all sectors (human and agriculture) means
these drugs are often also found in the environment, especially in waterways and soils
where bacteria are then again exposed to these drugs, often in low concentrations.
Antibiotics are commonly used in aquaculture and in horticulture (e.g. gentamicin and
streptomycin to spray apples). This results in much easier ingress of residual antibiotics
used into waterways (Diwan et al. 2010; Mayerhofer et al. 2009; Zhou et al. 2011).

People and animals often come in contact with or ingest resistant bacteria
because exposure to them is so widespread. If water and/or foods have antibiotic
residues in them, then people and animals also ingest these residues. Acquired
resistant bacteria are frequently carried by people and animals. These bacteria are
then often reexposed to more antibiotics. A positive and very harmful feedback
loop then results that leads to very high rates of resistant bacteria being found in
many people and animals (or their products e.g. foods).

All sectors (people, animals and the environment) are directly and indirectly
interconnected. A ‘‘One Health’’ approach to the problem of antimicrobial resis-
tance means interventions will be better targeted against the complete and inter-
twined picture and not just, as occurs now, at subsections of this total picture.

1.3 Antibiotic Resistance is an Inevitable Consequence of Use

Genes encoding for antibiotic resistant are present naturally in the environment for
most, if not all, antibiotics. This is because most antibiotics are derived from
precursors that are ‘‘natural products’’ produced by fungi or higher order bacteria
to help them survive against other microbial competitors (Davies and Davies 2010;
Webb and Davies 1993). The organisms’ that produce these antibiotics, however,
usually need mechanisms to protect themselves against the effects of these toxic
products they produce (after all antibiotics are designed to kill microorganisms).
This means that often the microorganisms that produce antibiotics also have
resistance genes and antibacterial products such as beta-lactamases etc. (Davies
and Davies 2010; Webb and Davies 1993). This means whenever antibiotics are
widely used, it is almost inevitable that resistance will develop as bacteria acquire
resistance genes already present in the wider environment and these bacteria will
then have a competitive advantage.
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The greater the quantity of antibiotics used the more resistance will eventually
develop. Resistant bacteria rapidly and easily move from site to site and from
country to country. Because so much of this resistance is encoded by mobile
genetic elements, the genes can move into other bacteria including quite different
species. Thus the essential element to control antimicrobial resistance is to limit
and decrease the amounts of antibiotics used in all sectors (i.e. human, agriculture,
the environment). We need also to keep people and animals healthy so they do not
need to receive antibiotics because they have less illness (good animal husbandry,
immunisation etc.) and to stop the spread of resistant bacteria by better hygiene
and infection control practices.

1.4 Resistant Bacteria and Genes Spread Easily

Resistant bacteria move readily from person to person, from hospital to hospital,
from food animals to people and from country to country (Aarestrup et al. 2008b;
Collignon et al. 2009; FAO 2003; Huijsdens et al. 2006; JETACAR 1999; Ken-
nedy and Collignon 2010). Many spread through water and in foods. Foods
(especially meats) also frequently contain bacteria that are multiresistant. Water is
commonly contaminated with bacteria. When water is heavily contaminated with
either human or animal faecal waste, then multiresistant bacteria can persist and
even be distributed via chlorinated water supplies (e.g. in New Delhi with the
MBL E. coli strains) (Walsh et al. 2011).

The bacterial genes that encode for antimicrobial resistance can also be readily
transmitted between bacteria of the same species and also between bacteria of
different species (Carlet et al. 2011; Kumarasamy et al. 2010; Walsh et al. 2011).

1.5 We Can Decrease the Spread of Resistant Bacteria and Prevent
Them Causing Disease

Infection control interventions help. In the UK a national program decreased the
number of MRSA bacteraemia episodes per year from 2003 to 2007 by over 40 %
(from 3,955 to 2,376 episodes) (Health Protection Agency 2009).

Immunisations such as Hib were very effective in decreasing the amount of
resistant Hib that was seen and was causing increasing problems 20 years ago
(Collignon et al. 2008a, b). This is an example where immunisation has had a
profound effect on decreasing the number of resistant bacteria causing disease.
Similar effects have also been seen with Pneumococcus with a successful conju-
gated vaccine with much less disease now in children and therefore less antibiotics
having to be used to treat children because they have less serious disease from this
organism (Collignon et al. 2008a, b). In animals and fish, vaccines have been very
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successful at preventing disease and through decreasing antimicrobial use (e.g.
salmon and fluoroquinolone use in Norway) (Markestad and grave 1997).

Clean water is an essential component in controlling antimicrobial resistance.
Water is likely to be the major vehicle, particularly in the developing world, where
resistant bacteria spread from person to person. This means keeping contaminated
animal waste and human waste out of water ways as much as is practicable and
ensuring water is treated to such a standard that it minimises the risk that pathogens
and commensal bacteria carrying resistant genes will be ingested by people or
animals. Clean water considerably decreases the amount of GIT disease and
transmission of Salmonella, Campylobacter and many other pathogens. This means
less illness and thus less need for antibiotics.

We need to prevent multiresistant bacteria from being in our food supply. The
best way to achieve this is to stop the use of ‘‘critically important’’ antibiotics in
our food animals and better limit the use of all antibiotics in food animals. We can
also decrease the number of organisms in food by better controls along the food
chain such as the way animals are slaughtered so that there is less contamination of
the carcass with bowel bacteria and find other ways to decrease the number of
resistant bacteria in foods. At the other end of the food chain, after the food is
produced, issues such as pasteurisation of milk and eggs or other heat treatment
can considerably decrease the number of pathogens and therefore antibiotic
resistant bacteria that are in the food that is subsequently distributed to consume.
Obviously consumer education can also help stop cross contamination from
uncooked foods and cooked foods but also to foods such as lettuce, tomatoes etc.,
which may not be cooked before they are ingested.

The use of animal and human manure to grow food is also an issue if it contains
large numbers of pathogens including resistant bacteria that may not be inactivated
or removed before the product reaches the market. This can have implication in the
globalisation of food trade. A recent example was the Haemorrhagic E. coli out-
break in Germany. The bean sprouts involved came from bean seeds imported
from Egypt. The seeds are presumed to have been contaminated by human or
animal waste in Egypt. When germinated and grown in Germany, the E. coli
already present, increased markedly in numbers. Then because these sprouts were
not cooked before being ingested, large numbers of people became ill. This
resulted in huge pressures on the hospitals and Intensive Care systems in Germany
and was also associated with many deaths (CDC 2011).

1.6 Resistance to Antimicrobials Classified as ‘‘Critically
Important’’ is Common

Increasing resistance is occurring in almost all medically important bacteria,
including to antimicrobials classified as ‘‘critically important’’ or ‘‘last line’’ for
human health (Collignon et al. 2009). This means when resistance is present there
will be very limited or no antimicrobial therapy that will still be effective to treat
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infections caused by these resistant bacteria. In hospitals we see increasing
numbers of bacterial infections to which there are no effective antibiotics avail-
able. This includes infections caused by E. coli, Acinetobacter spp., Serratia spp.
and Enterobacter spp. (Carlet et al. 2011; Fernando et al. 2010; Li et al. 2006;
Walsh et al. 2011).

Resistance rates in almost all types of bacteria are much higher in developing
countries. For most people living in developing countries this problem is com-
pounded by poor access to appropriate diagnostic facilities, less resources being
available to help institute and maintain appropriate hygiene and infections control
practises as well as difficulties in accessing adequate and affordable medical care.

Many classes of critically important antibiotics are also used in food production
animals. The most important of these from a human health consequence perspective
have been identified by the World Health Organisation (WHO) as fluoroquinolones,
third- and fourth-generation cephalosporins and macrolides (Collignon et al. 2009;
WHO 2009).

1.7 The Drug Pipeline is Empty

Most antimicrobial classes were discovered decades ago. There have been very
few new classes of antibiotics developed in the last 30 years (fluoroquinolones,
lipopeptides, oxazolidinones). There have been some developments in classes of
antibiotics that have already existed that have led to agents with much improved
activity (ketolides and tigecycline). However, these latter two agents are just
variations of macrolides and tetracycline’s respectively (Carlet et al. 2011;
Collignon et al. 2009).

The problem we have is that antibiotic resistance is developing much faster than
there are any new drugs or drug classes likely to be available in the near future. This
is particularly a problem for Gram-negative bacteria where there does not even look
that there are many promising drugs in any advanced research stage yet alone in the
development pipeline. The financial rewards for pharmaceutical companies to
research and then market completely new classes of antibiotics is relatively poor
compared to the returns on drugs that need to be taken by a large percentage of the
population continuously e.g. cholesterol-lowering drugs (Collignon et al. 2008a, b;
Power 2006). Unfortunately this situation is not likely to change in the near future.

1.8 Surveillance is Essential

We need much better and timely surveillance of antimicrobial usage and of
resistant bacteria—locally, nationally and internationally. The results need to be
readily available so we can better see what is happening with resistance in different
areas and needs to involve both the human and non-human sector. We need to
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know the volumes and types of antimicrobials being used. This will allow not only
the better choice of empiric antibiotic therapy but also help us better target
problem areas with preventive interventions, improved antibiotic stewardship and
other programs. This will then help to stop or slow resistance from getting worse in
those targeted areas and hopefully even reverse some of the resistance levels seen.

2 What are the Most Important Bacteria We Need
to Worry About?

Almost all bacteria that cause infections in people have higher rates of antimicrobial
resistance present now compared to 10 or 20 years ago. Some infections, however,
are more common and cause more serious infections in people. E. coli, S. aureus,
Enterococcus spp. and S. pneumoniae are the most common bacteria causing serious
infections in people (Beidenbach et al. 2004; Collignon et al. 2005; Collignon et al.
2011; Decousser et al. 2003; ECDC 2010; HPA 2009; Kennedy et al. 2008).

The more important examples of human infections are discussed below.

2.1 Escherichia coli

Escherichia coli is the commonest cause of serious bacterial infections in people. In
the developed countries, bloodstream infections occur at rates between 30 and 60
episodes per 100,000 people each year (ECDC 2010; Kennedy et al. 2008) and are
associated with substantial mortality and morbidity. There are likely over 2 million
bloodstream infections per year worldwide. E. coli causes substantially more
infections but which are not usually life-threatening e.g. urinary tract infections.

We are seeing rapidly increasing rates of antimicrobial resistance, including
multiresistance. In many developing countries antimicrobial resistance is extensive
and widespread and few or no agents may be available for therapy. Intravenous
carbapenems e.g. meropenem can usually still be used to treat most infections. But
even to these agents, resistance appears to be rapidly developing. These agents are
usually only available in intravenous forms and are expensive. This effectively
means that many people cannot access any antibiotics that are effective for these
very common infections (Carlet et al. 2011).

The main reservoir for E. coli is the bowel and there is a large turnover every
day of E. coli (Collignon and Angulo 2006; Corpet 1988; Johnson et al. 2006).
While many E. coli strains are relatively specific in where they both live and
multiply (e.g. some may be adapted for the pig gut), a large proportion of E. coli
carried by people are acquired via foods and especially from poultry (Johnson
et al. 2006). This is particularly the case for antibiotic resistant bacteria (Johnson
et al. 2006). In many developed countries E. coli remains largely sensitive to third-
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generation cephalosporins, fluoroquinolones and/or aminoglycosides and these
agents can usually still be used to treat those with serious infections. However, this
is not the case in countries especially developing countries (Walsh et al. 2011).
Travellers from countries with low rates of resistance to critically important
antimicrobials such as fluoroquinolones and third-generation cephalosporins, often
acquire these bacteria when visiting countries with much higher endemic rates of
infections—most likely via food and/or water. Carriage of these resistant bacteria
can be over 50 % in travellers and persist after returning home for over 6 months
(Kennedy and Collignon 2010; Tängdén et al. 2010).

We are seeing increasing levels of ESBL E. coli in developed countries including
the US and Europe. These strains are resistant to all third- and fourth-generation
cephalosporins, are often community acquired and foods are a source. In particular
poultry has been found to be frequently contaminated with multiresistant E. coli
(Brinas et al. 2003). In Hong Kong, ESBL rates in poultry E. coli isolates were 78 %
(Ho et al. 2011). In people there is now a worldwide epidemic with resistant E. coli
carrying encoding CTX-M and CMY ß-lactamases (Aarestrup et al. 2008a,
b; Cavaco et al. 2008; Mesa et al. 2006; Zhao et al. 2001). In Europe there are
100,000’s episodes per year and blood isolates in 2009 showed ranges in different
countries of 4–29 % for ESBL’s and 9–44 % for fluoroquinolone resistance. It is of
note that ESBL bacteraemia in Europe is associated with a mortality of 32 % within
30 days of their sepsis (de Kraker et al. 2011).

2.2 Staphylococcus aureus

Staphylococcus aureus is commonly carried asymptomatically by people in the
community, particularly in their noses and on skin. It is also present in many food
animals such as poultry and pigs. In people it is one of the most common, virulent
bacteria that cause infections especially healthcare associated infections (Beidenbach
et al. 2004; Collignon et al. 2008a, b; Collignon et al. 2005; ECDC 2010; HPA 2009).
Even now, when we have good medical support for patients in hospitals (including
intensive care), if a person has S. aureus bacteraemia then their median mortality rate is
25 %. If they have an antibiotic resistant variety (e.g. MRSA), then their then with
bacteraemia their median mortality rate is 35 % (Cosgrove et al. 2003).

Serious infections are very common. In Denmark the annual rate of all S.
aureus bloodstream infections is about 28 per 100,000 inhabitants per year. In the
USA S. aureus bloodstream infection rates may be as high as 50 per 100,000 per
year (or about 150,000 episodes per year) (Collignon et al. 2005; ECDC 2010). In
Australia it is about 30 per 100,000 populations (Collignon et al. 2005).

Rates of the more resistant varieties of S. aureus (i.e. MRSA) are very high. In
the USA and in many European countries as many as half of all S. aureus isolates
causing bloodstream infections are MRSA (ECDC 2010; Klevens et al. 2007). In
hospital the percentage caused by MRSA are even higher. In the US it is estimated
that there may be over 100,000 episodes of invasive MRSA infections per year,
mainly bacteraemia (Klevens et al. 2007).
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Recent developments have resulted in more agents that are effective against S.
aureus and other Gram-positive bacteria becoming available. This has included newer
antibiotics such as linezolid, tigecycline and daptomycin. However, resistance, asso-
ciated toxicity and/or high cost have limited their use. These agents also do not appear
to be more effective than vancomycin. Vancomycin is less active than beta-lactam
antibiotics against methicillin sensitive strains of S. aureus (MSSA). Thus this also
means that one other clinical cost of increasing resistance is the need to use drugs that
are intrinsically less active in serious disease (Collignon et al. 2008a, b).

The increasing numbers of community MRSA strains that are not healthcare
related is a major concern. These are now causing a large and increasing percentage
of community acquired infections in the US, Europe and Australia and elsewhere.
In some cities over 50 % of community S. aureus infections are now MRSA. This
means that for very common infections, we now need to use antibiotics that are more
expensive, more toxic and less effective than agents we could previously depend on.

MRSA strains also develop and spread in food animals. Similar factors drive
this development and spread as happens in people—over use of antibiotic espe-
cially broad spectrum agents, crowding and poor housing, social disadvantage and
less than optimal infections control and/or hygiene. Recently MRSA strains have
been found that spread from pigs to human (e.g. in the Netherlands and Denmark)
and cause infections in people (Aarestrup et al. 2008a, b; Khanna et al. 2008;
Lewis et al. 2008).

2.3 Streptococcus pneumoniae

Streptococcus pneumoniae is spread from person to person. It is a common cause
of pneumonia, meningitis, otitis media and bloodstream infections (Collignon and
Turnidge 2000; Hsueh et al. 1999; Pallares et al. 1995). It does not have non-
human reservoirs and thus all the resistance we likely results from antibiotic use in
people and/or associated poor hygiene (that allows the spread of this bacteria from
person to person).

Increasing levels of resistance are seen to all antibiotics, particularly to
penicillins. One antibiotic that can still be relied on in all circumstances to treat
serious pneumococcal disease (including meningitis) is vancomycin although its
penetration into CSF is relatively poor and it is not absorbed when given orally.
Other agents such as linezolid appear to be effective as resistance in pneumococcus
is currently very low. Oral therapy is very important for the treatment of many
infections other than meningitis. High dose oral amoxicillin appears to be effective
when therapy is needed even if intermediate penicillin resistance is present.
However, with other oral agents, unfortunately increasing numbers of pneumo-
cocci are developing resistance to tetracyclines, co-trimoxazole and macrolides,
which limits therapeutic options such as the oral treatment of pneumonia and other
conditions (Collignon and Turnidge 2000; Hsueh et al. 1999; Pallares et al. 1995).
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2.4 Other Gram-Negative Bacilli

There are many Gram-negative bacteria that cause serious disease particularly in
health care settings (Collignon et al. 2008a, b). Examples include Enterobacter
spp., Pseudomonas aeruginosa, Serratia, Klebsiella and Acinetobacter. Some may
be untreatable with any antibiotic including polymixins (Hujer et al. 2006);
Fernando et al. 2010). Other examples include P. aeruginosa and Burkeholderia
spp. where now frequently there are no effective antibiotics that can be used in
those with serious infections such as acquired in intensive care units, patients with
cystic fibrosis and complicated lung infections. An older and relatively toxic
antibiotic (polymixin) is increasingly being used as IV therapy as no other option
may often be available to treat these resistant bacteria (Li et al. 2006). Fosfomycin
is also being increasing used to treat multiresistant Gram-negative infections.

2.5 Enterococcus

Enterococcus species in particular Enterococcus faecium are intrinsically resistant
to large numbers of antimicrobials. In people most infections are caused by
Enterococcus faecalis which remains normally sensitive to both ampicillin and
vancomycin (Collignon et al. 2008a, b; Heuer et al. 2006; Moellering 2005).
For some serious infections such as endocarditis, an aminoglycoside needs to be
added to ampicillin to achieve bactericidal activity. If high-level resistance to
aminoglycosides is present, then endocarditis (which in the preantibiotic era had
100 % mortality) will not usually be able to be cured.

Enterococci are intrinsically resistant to cephalosporins. This is likely an
important reason why they are selected out and are increasing in numbers in envi-
ronments such as hospitals where cephalosporins are frequently used. Enterococci
are becoming increasingly important pathogens in hospital and cause many serious
infections such as bloodstream infections. Of particular concern are vancomycin
resistant Enterococci (VRE) as there are only limited options for therapy and it
readily spreads within a hospital environment given its hardiness both to environ-
mental stressors and also to disinfectants and cleaning. There is also the concern that
the genes that encode for vancomycin resistance may spread to more virulent bacteria
such as S. aureus. Fortunately compared to 10 years ago we now have more agents
available to treat infections caused by VRE (e.g. linezolid).

In most hospitals infection control practices try to limit the spread of these
bacteria by isolating patients and requiring increased precautions to be taken by all
medical and nursing staff looking after them e.g. gowns, gloves and isolation
rooms. Thus the appearance of VRE is a concern particularly if also found in foods
as was the case when avoparcin was used extensively as a growth promoter in the
past. Other resistant enterococci can also spread via foods to people (Aarestrup
et al. 2008a, b; Heuer et al. 2006).
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2.6 Food-borne Pathogens (Salmonella and Campylobacter)

Antimicrobial resistance is increasing in many food-borne pathogens in particular
Salmonella and Campylobacter. Agents that were very effective in the past including
ciprofloxacin are now ineffective. (Aarestrup et al. 2008a, b; Engberg et al. 2001; Iovine
and Blaser 2004; Mead et al. 1999; Pegues et al. 2005; Unicomb et al. 2003). This
fluoroquinolone resistance is clearly related to fluoroquinolone use in food animals.

Infections with non-typhi Salmonella strains are common in developed countries
(and even more common in developing countries). In developed countries nearly all
these strains are derived from food animals. Increasing antibiotic resistance is an
issue in these bacteria as well and some have been impossible or very difficult to treat.
Of particular concern is the development of ESBL as when this occurs there may be
no therapy available to treat pregnant women or children if they develop serious
infections (e.g. bacteraemia) as third-generation cephalosporins are the drug of
choice in that circumstance. ESBL Salmonella strain can develop from the use of
third-generation cephalosporins in poultry. In Canada a close association has
been found between the use of third-generation cephalosporin (ceftiofur) ESBL
Salmonella and ESBL E. coli (CIPARS 2007).

Salmonella typhi is a pathogen that spreads from person to person usually via
contaminated food and water. It has no animal reservoir and thus all resistance is
likely the result of what antibiotics given to people along with poor hygiene and
poor water infrastructure. If improved water supply and sewage infrastructure were
introduced this would also have a significant effect in decreasing numbers of these
infections (including antibiotic resistant infections).

Campylobacter is the commonest cause of bacterial diarrhoea in developed
countries. The main causative organism is Campylobacter jejuni and mainly derived
from poultry as its initial source. Increasing resistance is seen in these strains to both
fluoroquinolones and macrolides. For most cases, no antibiotic therapy is needed.
However, with more severe disease, fluoroquinolones and macrolides are the agents
of choice and thus this resistance is problematic. Wherever fluoroquinolones have
been used in poultry resistance develops and spreads and can reach very high rates in
countries such as in Spain (Aarestrup et al. 2008a, b; Collignon et al. 2008a, b).
Even in the US, where only a small percentage of poultry were exposed to
fluoroquinolones, ciprofloxacin resistance rates in Campylobacter where as high as
20 % in both poultry isolates and those isolates cultured from people.

2.7 When little or No Fluoroquinolone is Used in Food
Animals There is Little Fluoroquinolone Resistance

In countries that have never allowed the use of fluoroquinolones in food animals e.g.
Australia there is almost no resistance seen in E. coli, Salmonella, or Campylobacter in
isolates derive from food animals or in foods produced from these animals
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(Collignon et al. 2008a, b; Unicomb et al. 2003). It thus appears very likely that the major
driving factor for resistance in most of these food borne pathogens that are derived from
animals, is the use of antimicrobials and the types of the antimicrobials use in food
animals.

In children and in pregnant women, fluoroquinolones are contraindicated and
thus for invasive or serious disease with Salmonella, third generation cephalo-
sporins are the agents of choice. Unfortunately increasing rates of resistance in
Salmonella make this option difficult. This is particularly a problem in developing
countries where invasive Salmonella infections are much more common. It,
however, is also a problem for those living in developed countries as these
infections can be acquired domestically and also by travellers when they have
visited countries with much higher endemic rates of infections and/or resistance.
In many countries (e.g. Denmark) imported foods have on them bacteria that are
much more resistant than found on domestically produced foods (DANMAP 2009).

2.8 What Do We Need To Do?

We need to better control the development of resistant bacteria in people by
considerably lowering the volumes of antibiotics we use. In most countries we
need to reduce by at least 50 % or more, the total amount of antibiotics used in
people as the majority is used for viral infections or is ineffectual. We also need to
limit the spread of resistant bacteria by better hygiene and infection control.
Otherwise resistance inevitably rises and rises.

However, even if we had both these optimally processes performed in people, this
would not solve the problem. Resistant bacteria develop wherever antibiotics are used
and two-thirds or more of all the antibiotics used in the world are used in food pro-
duction animals. Aquaculture is also rapidly expanding and so it their use of antibiotics.
Thus when resistant bacteria develop in these sectors they inevitably also spread to
people. It profoundly complicates the issue of optimally managing antibiotic resistance
if all the focus is just from a medical perspective in the human health sector.

This is where the concept of One Health is so important. We recognise that one
sector impinges on the health of other sectors. It then follows that if we cannot only
lower the usage of antibiotics in people but also better control and significantly lower
the amounts of antibiotics used in food animals and aquaculture, this will then have a
major flow-on effect to the human sector. We also need to also look at the water and
waste from these animals and people, as this water will inevitably be contaminated
with resistant bacteria and this water will be ingested by people and animals.

Interventions, particularly those targeting better infection control and improved
antimicrobial use (decreasing use of broad spectrum antibiotics especially cepha-
losporins and fluoroquinolones) have made a difference. Antimicrobial stewardship
(involving education plus restrictions on the types and quantities of antimicrobial
used) is a major way that antibiotic usage can be improved. Attempts to implement
this successfully are occurring. However, both implementation and sustainability are
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difficult. It can also involve significant increased expenditure especially if electronic
prescribing and data collection are part of the improved process.

The major action items needed are:

• Control and limit the amounts and types of antibiotic used in people.
• Control and limits the amounts and types of antibiotic used in non-human

sectors. This is particularly in food animals and aquaculture but also in areas
such as horticulture where heat stable compounds such as gentamicin and
streptomycin can be used to spray apples.

• Better infection control and hygiene in people so that even if resistant bacteria
develop, we better limit the spread to other people.

• Prevent infections by effective and safe vaccines.
• Clean water. Water in many countries, particularly in the developing world is a

major vehicle that allows the spread of resistant bacteria from person to person,
animal to animal and animal to people. We need to keep contaminated animal
waste and human waste out of water ways as much as is practicable and
ensuring water is treated to an appropriate standard.

• No multiantibiotic resistant bacteria in our foods. This will be best achieved by
stopping the use of ‘‘critically important’’ antibiotics in our food animals and
better limiting the use of all antibiotics in food animals. Globalisation of food
can then spread these bacteria widely.

• Better controls on how animal and human faecal waste manure is used to help
grow food. This waste will contain large numbers of pathogens including
resistant bacteria that may not be inactivated or removed before the foods reach
the market.

• Better surveillance of antimicrobial usage and of resistant bacteria—locally,
nationally and internationally.

3 Conclusions

Antibiotic resistance causes increased deaths, complications, expenses, prolonged
hospital stays, toxicity and difficulties in delivering therapy in the safest way to
patients. Antibiotic resistance is a continuing and growing problem. There are not
many likely new classes of antibiotics that will be available in the next few
decades. Thus we need to preserve the usefulness of those antibiotics we currently
have by decreasing their overall use, and especially the use of broad spectrum
agents. We also need to improve our ability to prevent infections and the spread of
resistant bacteria wherever they arise or are found. This means improving our
practices with infection control, hygiene, animal husbandry and development and
delivery of effective and safe vaccines. We need clean water to be available for
people and for animals. Failure to do this will result in huge numbers of people
entering a ‘‘post-antibiotic era’’ for too many common infections.
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Bovine Spongiform Encephalopathy:
A Tipping Point in One Health
and Food Safety

James Hope

Abstract Bovine spongiform encephalopathy (BSE) is a protein misfolding dis-
ease of cattle which belongs to the group of transmissible spongiform encepha-
lopathies (TSEs) or prion diseases. This group also includes scrapie in sheep and
goats, chronic wasting disease (CWD) of cervids and Creutzfeldt-Jakob disease
(CJD) humans. The first case of BSE was recognised in England in 1986 as a
progressive, neurological condition where affected animals behaved abnormally,
exhibited anxiety, ataxia, hypersensitivity to touch and noise and poor body
condition. Spongiform change was observed in the brain stem of cattle at post-
mortem and its similarity to scrapie in sheep stimulated biochemical investigation
and transmission studies which confirmed it as a novel prion disease of cattle.
Epidemiological analysis of the initial cases of disease implicated a common
extended source of infection, likely to be related to feed, and stimulated a series of
control measures designed to restrict feeding of mammalian-derived protein to
ruminants in various parts of the United Kingdom and to prevent the use of various
bovine offals in feed or food production. This article outlines the rise and fall of the
incidence of BSE in the UK and Europe, its classification as a zoonotic disease
with the emergence of variant CJD, the implications of it as a prion disease and
challenge its diagnosis and control continues to represent worldwide.
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1 Prions: The BSE Agent

Prions are proteins encoded by genes in chromosomal DNA that when expressed
in cells can transmit information in and between cells and their parent organisms
by virtue of variable folding of their polypeptide chain. Frequently, the conversion
of a normal cellular protein into a prion form involves a conformational change
that affects its degree of self-association and ability to interact with other mole-
cules (Wickner et al. 2009). In yeast and fungi, prion forms of particular proteins
are the molecular basis of a type of extra-chromosomal inheritance of survival
traits but in mammals they were first investigated as the causative agents, as well
as by-products, of a family of progressive, neurological degenerative disease
known as the transmissible spongiform encephalopathies (TSEs). TSEs are dis-
eases characterised by the accumulation of the prion form of the mammalian prion
protein (PrP) in the central nervous system or peripheral tissues of animals and
humans (Prusiner 1997). Scrapie is the TSE of sheep and goats; Creutzfeldt-Jakob
disease (CJD) is the most common type of human TSE, and a novel variant (vCJD)
is believed to be caused by the transmission of the cattle TSE, bovine spongiform
encephalopathy (BSE) to humans.

2 A Brief History of BSE

Bovine spongiform encephalopathy (BSE) has adversely affected the UK cattle
industry, and inhibited trade in bovine-derived products and animal feed world-
wide, for the past 25 years. The first case of BSE was recognised retrospectively to
have been seen in April 1985, but it was a further 20 months, in December 1986,
before cases of this spongiform encephalopathy in cattle were confirmed by
pathologists at the Central Veterinary Laboratory, Weybridge (Wells et al. 1987).
By that time, over 100,000 cattle were infected with this long-incubation period
disease which cannot be detected by serology, polymerase chain reaction or by
other ante-mortem testing and a major epidemic of clinical cases developed which
peaked in the British Isles in 1993 with over 37,000 cases diagnosed that year
((www.defra.gov.uk/vla/science/sci_tse_stats); Fig. 1). Dairy cows appeared at
higher risk than beef cattle but either sex could be affected usually within
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4–4.5 years of birth (range 1.8–18 years). Most early cases of BSE occurred in
cattle between the ages of 3 and 5 years in Great Britain, but as the epidemic has
waned and level of exposure declined, the average age of cattle with confirmed
signs of disease has increased gradually to over 13 years (EFSA 2009). The year of
peak incidence in Europe has varied from country to country and reflects the
staggered nature of the BSE epidemics that have spread throughout Europe from
the UK. For most of its development time the disease produces not overt clinical
signs (Wilesmith et al. 1988) and the inability to detect the asymptomatic carrier of
BSE limits refinement of the measures which can be taken to prevent infected
bovine tissues from use in feed and pharmaceutical products.

3 Feed Bans and Born-After-Reinforced-Ban Cases

Epidemiological analyses of BSE-affected herds identified a protein feed supple-
ment to be the most likely source of infection (Wilesmith et al. 1988), and sub-
sequent recycling of BSE-infected cattle waste in this process may have
contributed to the persistence of the disease. Ruminant feed legislation aimed at
removing the source of infection from cattle born after 1988 was introduced in
1989–1990 in the UK, with more stringent measures in 1996, and these bans were
re-inforced throughout Europe in 2001. The initial UK ban was aimed at prohi-
biting ‘‘cannabalism’’ by ruminants, end the practice of feeding ruminant-derived
meat and bone meal (MBM) to ruminants and so preventing the recycling and
amplification of prions in cattle via rendered material. This worked (see Fig. 1)
but, geographically, its effect was more noticeable in the south and west than in the
north and east of England, the latter area with a higher proportion of pigs to cattle

Fig. 1 BSE epidemic curves and the effect of feed bans for the United Kingdom
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and sheep. This lead to the suspicion that pig and poultry rations (in which
ruminant MBM was allowed) were finding their way into ruminant feed and in
November 1994 it was prohibited to feed any mammalian protein (with a few
exceptions—e.g. blood and milk proteins) to ruminants. After the reporting of a
link between BSE and vCJD in 1996, the ban was immediately extended to make
illegal the feeding of any mammalian MBM to any farmed livestock, including fish
and horses. Ever more stringent feed controls were imposed throughout Europe to
limit the spread of BSE within the European Union trade zone and a complete ban
on feeding processed animal protein (PAP) of any origin to animals kept, fattened
or bred for the production of food was introduced in 2001. Not all countries at risk
of BSE worldwide introduced similar exhaustive bans and part of the current
dilemma faced by the EU in trying to relax its legislation, in proportion to the
diminishing numbers of BSE cases in Europe, is the fear of re-introduction of BSE
prions by import of infected material from outside its borders. Feeding pig and
poultry processed animal protein to fish is currently under consideration and there
is a continuing (unresolved) debate within member states on the use of poultry
PAP in pig feed and pig PAP in poultry feed although the risk of the re-amplifi-
cation of BSE by this usage appears to be vanishingly small (EFSA 2011). Can-
nabalism, that is feeding PAP of one species to the same species, is widely resisted
and there appears to be no European agenda for the re-introduction of feeding
ruminant PAP to any species.

At its peak, over 1,000 clinical cases were reported each week in Great Britain
in 1993 and the last clinical case was seen by passive surveillance in 2009 (Fig. 1).
Active surveillance for disease in fallen stock, in healthy slaughter animals (born
after the 1996 feed ban) at the abattoir and in various cohort culls was introduced
in 2001 in the UK (and in other member states of the European Union) and, in
2011 when some 500,000 animals were tested, the number of cases detected (all in
fallen stock) had dwindled to 7. To date (June 2012), in the UK, only one animal
has tested positive for BSE in 2012. Although the feed bans have had a dramatic
effect on the epidemic curve, cases of BSE continued to be confirmed in cattle born
after the re-inforced European bans of 2000 and feeding of contaminated protein to
calves continues to be suspected as the reason for most of these ‘born after the real
ban’ (BARB) cases (Ortiz-Pelaez et al. 2012). The biological and biochemical
characteristics of BARBs appear similar to those seen in earlier cases in the
epidemic, although two of the most recent BARB cases in Britain, including the
2012 case, have had the molecular properties of L-type atypical BSE (see below,
Stack et al. in press).

In parallel with the BSE epidemic, natural cases of transmissible spongiform
encephalopathies have been also reported for the first time in cattle-related spe-
cies—greater kudu, eland, nyala and gemsbok, Arabian and scimitar-horned oryx
(Cunningham et al. 2004) and in the cat family -puma, cheetahs- and domestic
cats. Apart from some cases in the greater kudu, contaminated feed is suspected
but difficult to prove because of the absence of detailed feeding records
(Cunningham et al. 2004).

40 J. Hope



4 Minimum Effective Dose of BSE Prions and Specified Risk
Material Controls

Experimental oral dosing of cattle with BSE-affected cattle brain homogenates has
confirmed that as little as 1 milligram of brain (with *10–100 mouse ic ID50

units) can induce disease after extended incubation periods of 8–10 years (Arnold
et al. 2007, 2009; Wells et al. 2007). Larger doses (up to 100 g) have been used to
study oral pathogenesis of BSE in cattle in the UK (Wells et al. 2007) and Ger-
many (Hoffmann et al. 2007). These studies have confirmed by PrP IHC and
bioassay the limited, early distribution of prions to parts of the lower alimentary
tract (distil ileum, jejunum) and spread via the autonomic nervous system from the
gastrointestinal tract to the central nervous system via either the coeliac and
mesenteric ganglion complex, splanchnic nerves and the lumbal/caudal thoracic
spinal cord or via the vagal nerve. This experimental tissue distribution of
infectivity has been used to refine the list of specified risk materials from various
age-cohorts of cattle banned for human consumption and has underpinned several
assessments of human and animal exposure risk that have defined UK and Euro-
pean policy for control and management of BSE over the years, such as a recent
EFSA Opinion on the BSE risk of bovine intestines (EFSA 2010).

5 Atypical Forms of BSE

BSE surveillance testing of cattle for abnormal prion protein in Europe has
allowed the identification of two further, distinct types of cattle TSE, termed
H- and L-(or BASE) type BSE (Casalone et al. 2004; Biacabe et al. 2007; Jacobs
et al. 2007; Polak et al. 2008). Similar cases were also detected outside Europe
(Japan and USA) (Hagiwara et al. 2007; Clawson et al. 2008). About 60 atypical
BSE cases have been described worldwide (from testing *50 million healthy
animals and fallen stock) although there is no statutory requirement to distinguish
typical and atypical types of BSE in reporting and this figure is derived from
research literature.

In France, a retrospective study of all the TSE-positive cattle identified through
the compulsory EU surveillance programme between 2001 and 2007 was recently
published (Biacabe et al. 2008). This study indicated that all BSE H and L cases
detected by rapid tests were observed in animals over 8 years old in either the ‘‘at
risk’’ (9) or ‘‘healthy slaughtered’’ surveillance target group (4). In this study, the
reported frequency of H and L type TSE was respectively 1.9 and 1.7 cases per
million of over 8-year-old tested animals. All EU atypical cases were born before
the extended or real feed ban that came into law in January 2001. Hence, as with
classical BSE, exposure of these animals to feed contaminated with low titres of
TSE cannot be excluded. However, the distribution of H-and L-type cases in
France by year of birth differs markedly from that for classical BSE and could be
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interpreted to indicate that both forms of atypical BSE are sporadic diseases which
arise spontaneously. Indeed, a case of H-type BSE in the USA has been associated
with a inheritable, bovine E211 K mutation (that is the amino-acid lysine replacing
glutamic acid at codon 211) in the wild-type prion protein amino-acid sequence
and shown to be transmissible by intra-cranial inoculation to a calf carrying the
same mutated allele with a post-inoculation survival time of 301 days (Greenlee
et al. 2012); however, DNA sequencing of the PrP open reading frame of other
atypical cases has not identified this or any other coding region mutation.

H- and L-(or BASE) type BSE have been transmitted by intra-cerebral chal-
lenge to inbred mice and Tg mice expressing bovine and ovine PrP. L-type BSE
has also been transmitted to transgenic mice expressing alleles of the human prion
protein (Buschmann et al. 2006; Beringue et al. 2008; Kong et al. 2008). Trans-
mission and serial passage in inbred mice and Tg VRQ mice have been interpreted
to indicate that, after interspecies passage, BASE could generate classical BSE
(Beringue et al. 2007; Capobianco et al. 2007). However, it should be noted that
L-BSE—classical BSE phenotypic convergence has not been observed in other Tg
mice, including mice expressing the ARQ allele of sheep PrP (Buschmann et al.
2006; Beringue et al. 2007). Prions with the properties of a classical BSE strain
also emerged during serial passage of H-type BSE in wild-type mice (Baron et al.
2011). These phenomena need to be confirmed in an independent set of experi-
ments but do raise the issue of a possible classical BSE re-emergence originating
from atypical BSE cases; mutation rates of 1 in 100,000 have been calculated for
conversion (or re-version) of one prion strain to another during passage in cell
culture (Oelschlegel et al. 2012; Weissmann 2012) but a similar estimate of the
probability of one type of prion changing to another (for example, from a non-
zoonotic scrapie to zoonotic BSE phenotype) has not been determined for either
experimental or natural transmission routes in animals.

The sensitivity and specificity of the TSE rapid screening tests are known for
classical BSE but not for H- or L-type BSE. These tests use brainstem as the target
tissue because this is where pathological lesions and PrPres are first detected in the
CNS of cattle (Hope et al. 1988; Wells et al. 1998). Unlike classical BSE, little is
known about the pathogenesis of atypical BSE and the brainstem may not be the
optimal target site for the detection of H- and L- type BSE (Casalone et al. 2004).
Consequently the BSE H- and L- type prevalence of 1–2 per million may be an
under-estimation. H-type and L-type BSE have been transmitted to cattle
(Lombardi et al. 2008; Fukuda et al. 2009) and the molecular and pathological
characteristics of each type has been maintained and differ from those of classical
BSE (Balkema-Buschmann et al. 2011; Okada et al. 2011a, b; Konold et al. 2012).
Some data are now emerging on the distribution of the infectivity in peripheral
tissues of cattle with atypical BSE (Iwamaru et al. 2010; Okada et al. 2011a, b;
Suardi et al. 2012) and, although limited compared to the distribution of prions in
small ruminants, various skeletal muscles in L-type (BASE) cattle were found to
contain infectivity (detected by bioassay in Tgbov mice) and PrP-immuno-reactive
deposits within individual muscle fibres (Suardi et al. 2012).
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6 Small Ruminant BSE

Foster and colleagues showed cattle BSE could be transmitted to ARQ/ARQ sheep
and goats by feeding and intra-cerebral inoculation (Foster et al. 1993) and several
subsequent studies have documented that there is wide-spread dissemination of
BSE prions in ARQ/ARQ sheep similar to the pathogenesis of natural cases of
classical scrapie (van Keulen et al 2000). The biological and biochemical char-
acteristics of ‘‘BSE in small ruminants’’ are sufficiently distinct to allow their
discrimination in ‘‘blinded’’ tests although there have been concerns ‘‘mixed’’
infections might pass as ‘‘scrapie’’. Historically, small ruminants were known to
have been fed the same type of protein supplements implicated as the source of
BSE in cattle and fear of a second wave of vCJD due to infection from sheep and
goat products stimulated intensive surveillance in the EU of TSEs in sheep and
goats and the application of laboratory tests aimed at a diagnosis of ‘‘NOT BSE’’
or ‘‘BSE NOT Excluded’’; the final confirmation of ‘‘BSE in small ruminant’’
requires the application of bioassay in the same panels of inbred mice used to
characterise vCJD and BSE (Bruce et al. 1997). By these stringent criteria, only
two cases of BSE in small ruminants(SRs), both in goats, have been confirmed
(Eloit et al. 2005; Jeffrey et al. 2006) and current estimates of the likely prevalence
of BSE in SRs in Europe is very low.

7 Variant Creutzfeldt-Jakob Disease

In April 1996, Will and colleagues (Will et al. 1996) reported a novel variant of
CJD (vCJD). The initial, and subsequent, focus of vCJD in Great Britain and its
molecular (Collinge et al. 1996) and transmission (Lasmezas et al. 1996; Bruce
et al. 1997) similarities to BSE immediately implicated the cattle disease as the
source of vCJD infection (Fig. 2) and beef and cattle by-products were put under
further restrictions to limit the spread of disease. Nevertheless, an estimated three
million infected cattle may have entered the human food chain (Ghani et al. 2000)
and the impact and cost of preventing a secondary, human-to-human wave of
infection are still being felt in the UK (Garske and Ghani 2010).

To date (June 2012), there have been 176 primary cases, and three secondary
cases related to transfusion of blood products, in the UK, 26 cases in France, 5 in
Spain and 16 in the rest of Europe; other cases have been reported in the United
States, Canada, Saudi Arabia, Taiwan and Japan (www.cjd.ed.ac.uk/vcjdworld).
Polymorphisms and mutations in the human prion protein gene are known to affect
the survival and clinico-pathological phenotype of human TSEs and the vCJD is
clearly associated with the dimorphism at codon 129 (Methionine or Valine): the
percentage of this dimorphism in the normal Caucasian population is 39 MM, 50
MV and 11 % VV; in cases of sporadic CJD, the proportions are 65 MM, 17 MV
and 18 % VV. All clinical cases of vCJD so far diagnosed are MM homozygous
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although pre/sub-clinical disease has been inferred from PrPCJD detection in the
spleen of a blood transfusion recipient who was an M/V heterozygote (Peden et al.
2010).

The true extent of vCJD in the UK population can only be guessed at from the
low incidence of clinical disease and several large-scale surveys of lymphoid
tissue—tonsils or appendices—for biochemical evidence of abnormal prion pro-
tein (PrPCJD) by IHC or ELISA have been carried out to provide some support for
estimates of disease prevalence. Investigation of the spread and replication of
prions in animals has implicated the central role of lympho-reticular tissue in the
pathogenesis of these diseases, and abnormal prion protein has been detected in
tonsil and spleen of vCJD patients. In an early study of tonsils and appendices
removed by surgery and stored in hospital archives between 1995 and 1999,
abnormal prion protein was found in three positive appendix samples out of 12,674
specimens tested suitable for PrPCJD using the immuno-histochemical method. All
the PrPCJD positive individuals were in the 20–30-year-old cohort and the pre-
valence estimate calculated for this age group was 380 per million (95 % CI:
80–1120 per million) (Hilton et al. 2004). This is the ‘‘high risk’’ birth cohort with
80 % of the UK cases of vCJD born between 1961 and 1985.

Each method of analysis has its own sensitivity and specificity and a PrPCJD

ELISA failed to detect a single positive specimen in 95,672 tonsils (including
*18,000 from the 1961–1985 ‘‘at risk’’ cohort) from the UK National Anonymous
Tonsil Archive (NATA) (Clewley et al. 2009); in a subsequent investigation,
PrPCJD IHC detected one single positive in 9,672 tonsils from the 1961 to 1985
birth cohort (de Marco et al. 2010). In the most recent appendix screening study,
abnormal prion accumulation was detected within 12–18 appendices out of 32,441
suitable specimens examined, and these IHC positive appendices occurred in all
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codon-129 genotypes—MM, VV and MV. The estimated overall prevalence of
493 per million (95 % CI: 282–801 per million) was statistically consistent with
the earlier results but surprisingly, as only 13 % of vCJD cases were born between
1941 and 1960, the highest prevalence of 733 per million (95 % CI: 269–1596 per
million) was observed in this older birth cohort (HPA 2012).

8 One Health

The stringent control measures on feed and SRM removal now in place in Europe
have been effective in curbing the epidemic of BSE (and limiting human exposure
to prions) but the very nature of the prion as an epigenetic, structural re-
arrangement of a protein implies eradication may not be possible and a return to
past practice of unregulated feeding of processed animal protein runs the risk of a
re-surgence of TSE in food animals. The emergence of BSE and vCJD, and the
impact these diseases have made to our perceptions and practice of food security,
underline the necessity for a uniform, global approach to this prion dilemma, to
sustainability in agriculture and the problem of feeding the population of the
world. The One Health concept is ancient but just as relevant today as it has been
in the past.
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Pathogenic Escherichia coli and One
Health Implications

Narelle Fegan and Kari S. Gobius

Abstract Escherichia coli are common inhabitants in the intestinal tracts of warm
blooded animals where they generally cause no harm to the host, although there
are some types of E. coli which are able to cause disease. The most significant of
these are enterohaemorrhagic E. coli (EHEC) which can cause severe human
disease that can result in death. EHEC have an animal reservoir, particularly cattle,
and are considered to be an important zoonotic pathogen having significant impact
for One Health. EHEC can be transmitted from animals into humans, either from
consumption of foods made from these animals, or from contact with foods which
may have become contaminated directly or indirectly from animal wastes.
Increasingly, EHEC have also been associated with uncooked leafy green vege-
tables and sprouts. Several large outbreaks of E. coli have highlighted the
importance for addressing these organisms in a One Health perspective.
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1 Introduction

Escherichia coli is an organism that is found in the intestines of warm blooded
animals. In most situations E. coli exists without causing harm to the host in which
it resides, but some types of E. coli are able to cause disease in animals while
others cause disease in humans. E. coli is typically transmitted via the faecal oral
route thereby making pathogenic types important food and water borne pathogens.
Although most pathogenic E. coli are thought to be species specific, those E. coli
which can cross from animals into humans to cause disease are of particular
interest from a One Health perspective. The route by which these E. coli enter the
human host from their animal reservoir can be straightforward, such as direct
contact or consumption of foods made from animals, or more complicated
involving not only the original animal reservoir, but other animals and environ-
mental factors. E. coli is therefore an important pathogen in relation to One Health.

2 Escherichia coli as Pathogens of Humans and Animals

Most E. coli reside within the intestine without causing any disease or harm to their
host. Some types of E. coli are pathogenic to their hosts, either human or animal, and
are capable of causing gastrointestinal illness, such as diarrhoea; or extraintestinal
diseases, such as urinary tract infections, meningitis and septiceamia (Sousa 2006).
In humans, the greatest disease burden from E. coli results from intestinal infections
with disease severity ranging from self limiting diarrhoea through bloody diarrhoea
to severe complications that may lead to death. E. coli is also a pathogen of veter-
inary significance as it causes disease in livestock leading to economic losses,
examples include mastitis in cattle and pigs (Gerjets and Kemper 2009; Shpigel et al.
2008) and colibacillosis in poultry (Olsen et al. 2011). E. coli can also cause disease
in companion animals such as dogs and cats (Mainil 2002).

There are many different types of pathogenic E. coli which are characterised
based on their virulence determinants, clinical symptoms and serology (Wasteson
2002), the most important of which are discussed below. With the exception of
enterohaemorrhagic E. coli (EHEC), most pathogenic E. coli are currently not
considered to be major zoonotic pathogens due to their host specificity. However,
E. coli has the ability to exchange genetic material and there is the potential for new
pathogenic types to emerge which may be able to cross species barriers and cause
disease in humans. These pathogenic types are briefly mentioned in the following
section as they pose a risk in relation to being emerging zoonoses in the future.
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The most common extraintestainal infections caused by E. coli are those of the
urinary tract which are associated with uropathogenic E. coli (UPEC). Although
most UPEC are thought to come from the intestinal tract of their host, there is
some emerging evidence that animals may be a potential reservoir for these
pathogens (Belanger et al. 2011), although it is still unclear as to the contribution
of animals as a significant reservoir for extraintestinal pathogenic E. coli.

There are several important groups of pathogenic E. coli that cause gastroin-
testinal illness in both humans and animals, although there is little evidence for
zoonotic transfer in these groups. This includes the enterotoxigenic E. coli
(ETEC), the major cause of travellers’ diarrhoea, which produce heat labile and
heat stable toxins and cause a watery diarrhoea. ETEC can cause disease in
humans and in newborn animals, but the colonisation factors they use to adhere to
the host intestine are species specific with human isolates producing different types
to those ETEC infecting animals (Nataro and Kaper 1998). EPEC are an important
cause of infant diarrhoea in developing countries and have also been associated
with disease in animals. One of the major features of EPEC is their ability to cause
attaching and effacing (A/E) lesions on intestinal epithelial cells. This results from
intimate adherence of the bacterium to the microvilli and subsequent changes in
the epithelial cell cytoskeleton resulting in the formation of a pedestal structure
beneath the site of bacterial attachment. The genes responsible for A/E are
encoded on a pathogenicity island known as the locus of enterocyte effacement
(LEE) (Nataro and Kaper 1998). Attachment mechanisms, including a protein
encoded on LEE called intimin, and fimbriae, such as the bundle forming pilus are
important in EPEC pathogenesis and are also likely to play a role in host speci-
ficity (Mundy et al. 2007; Bardiau et al. 2010).

Some pathogenic E. coli groups appear to be specific to humans only.
Enteroaggregative E. coli (EAEC) can cause both persistent diarrhoea lasting for
more than 14 days, and acute diarrhoea which has also been associated with
travelling to developing countries. This group of E. coli are poorly defined and
comprise a very heterogeneous group of E. coli. The uniting feature of EAEC is
the formation of a characteristic ‘stacked-brick’ adherence pattern referred to as
aggregative adherence (AA) due to the presence of adherence factors (Huang et al.
2006). There is no obvious animal reservoir for EAEC, although very little is
known about the ecology of this type of E. coli outside of the human host. The
enteroinvasive E. coli (EIEC), which are closely related to Shigella spp. and cause
similar disease, appear to be a human specific pathogenic group of E. coli and have
not been isolated from any animal sources (Beutin 1999).

The group of pathogenic E. coli which causes the most severe disease in
humans do have an animal reservoir, these are the EHEC which are generally
defined by the presence of LEE and the ability to produce a group of toxins known
as Shiga toxins (Stx) (Nataro and Kaper 1998). This makes EHEC the most
important group of E. coli from a One Health perspective and they will be the
major focus of this chapter. EHEC can cause severe human disease that can result
in death, one of the major reservoirs of EHEC is healthy adult ruminant animals,
although some strains of EHEC can cause diarrhoea in young animals (Hornitzky
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et al. 2005). Foods made from animals which are carrying EHEC may become
contaminated and large outbreaks of disease have resulted. For these reasons,
E. coli has been prioritised by the World Health Organisation for the development
of future standards for animal production and food safety (Knight-Jones et al.
2010). The best known of the EHEC serotypes is E. coli O157:H7, but many other
serotypes are also capable of causing severe disease in humans (Karmali 2005).

3 Human Disease, Pathogenesis and Treatment

EHEC cause disease in humans that can range from asymptomatic carriage,
through diarrhoea and bloody diarrhoea (haemorrhagic colitis, HC) to the severe
disease haemolytic uraemic syndrome (HUS) which has the potential to be fatal
(Karmali 2005). Symptoms of infection with EHEC may initially include
abdominal cramps and diarrhoea which can occur in 1–4 days after infection, HC
may also occur and HUS will develop in about 10–25 % of cases (Nataro and
Kaper 1998; Karmali 1989). HUS may occur in 5–13 days after diarrhoea and
comprises acute renal failure leading to reduced urine excretion, microangiopathic
haemolytic anaemia (narrowing of small blood vessels causing fragmentation of
erythrocytes, haemolysis and anaemia) and thromobocytopaenia (low platelet
levels) (Tarr et al. 2005). In most cases patients will fully recover from HUS, but
severe kidney damage and other complications will occur in about 12–30 % of
cases and about 5 % will be fatal (Nataro and Kaper 1998). Additional compli-
cations may occur and include myocardial dysfunction, pancreatitis, hepatitis,
pulmonary edema and neurological impairment (Tarr et al. 2005). EHEC infec-
tions are the leading cause of acute renal failure in children (Karmali et al. 2010)
and together with the potential to cause fatalities, this group of pathogenic E. coli
have become a high priority for control.

The ability of EHEC to cause disease results from the presence of two major
virulence factors, the production of Stx which elicit the most severe outcomes
associated with EHEC infection, and LEE, enabling the bacterium to colonise the
intestine through the A/E cytopathology (Nataro and Kaper 1998). Many E. coli
other than EHEC carry Stx, these are broadly known as Shiga toxigenic E. coli
(STEC) and are commonly found in animals, though not all are not believed to
cause severe human disease (Karmali 2005). There are two types of Stx, Stx1 and
Stx2, the former is closely related to the toxin produced by Shigella dysenteriae
(Pennington 2010). Stx are encoded on bacteriophages integrated into the bacterial
genome and are produced by the bacteria in the intestine. The toxins are able to
translocate across the epithelium and enter the bloodstream. Stx binds specifically
to glycosphingolipid globotriacylceramide (Gb3) which is present on the surfaces
of cells in the human kidney (Pennington 2010). Once bound to Gb3, Stx is
internalized by the cell and causes protein synthesis inhibition and eventually cell
death (Pennington 2010). LEE facilitates attachment of EHEC to the intestinal
epithelium, but it is not critical for HUS to occur and some serotypes of EHEC
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utilise other adherence mechanisms to colonise the intestine while producing Stx
(Doughty et al. 2002; Wu et al. 2010). A greater understanding of the full com-
plement of virulence factors required by STEC and EHEC to illicit disease in
humans is therefore an important area of further research.

The treatments available for EHEC infections are limited and many are still
under development. Most approaches rely on supportive care such as maintaining
fluids and electrolytes (Goldwater and Bettelheim 2012). The production of toxins
by EHEC may occur shortly after infection and will continue to circulate through
the body after the EHEC has been cleared from the intestine (Nataro and Kaper
1998). The use of antibiotics is generally avoided as they can increase the release
of the Stx from bacteria (Wong et al. 2000). Various approaches have been used to
try and limit the action of the Stx during infection and prevent progression of the
disease to HUS. These include using neutralising Stx specific antibodies and other
types of toxin binders and neutralisers (Goldwater and Bettelheim 2012). Vaccine
strategies have been developed with variable success in animal models but there is
still some way to go before they are available for human use (Goldwater and
Bettelheim 2012). Prevention of initial infection is clearly the most effective way
to prevent serious illness developing.

4 Disease Outbreaks and Links to Animals

EHEC have a low infectious dose with disease occurring from ingestion of less
than 10 cells (Hara-Kudo and Takatori 2011); therefore, exposure to only small
amounts of contamination can cause a health risk. Many cases of EHEC infection
are sporadic with no apparent food or animal source. Person-to-person transmis-
sion can lead to outbreaks, particularly amongst young children at child care
centres (Gilbert et al. 2008; Raffaelli et al. 2007), but more often outbreaks are
associated with foods, particularly those derived from animal sources. EHEC were
responsible for 84 outbreaks in England and Wales between 1992 and 2008
resulting in 1,168 affected individuals of which 286 were hospitalised and 12
deaths occurred (Gormley et al. 2011). Of the 44 outbreaks for which a food
vehicle was identified, red meat was associated with 37 % and milk and milk
products with 30 % indicating a strong association between EHEC outbreaks and
foods derived from cattle and animal sources (Gormley et al. 2011).

Direct contact with animals and their immediate environments, often at petting
zoos, farms, rodeos or fairs, has been the source of several EHEC outbreaks
(Stirling et al. 2008; Steinmuller et al. 2006; Lanier et al. 2011). Fruit juices have
been implicated in EHEC outbreaks where the fruits have come into contact with
contaminated sewage, manures or soils (Vojdani et al. 2008). Unpasteurised apple
juice caused an outbreak of E. coli O157:H7 infection which affected 70 people
from the western United States and British Columbia in 1996 (Cody et al. 1999).
The orchards supplying some of the fruit hosted a deer population which were
shedding E. coli O157:H7 and the investigation into the outbreak concluded that
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dropped apples were most likely contaminated from contact with the ground and
deer faeces (Cody et al. 1999). Many other fresh produce outbreaks have occurred
with contamination thought to result from contact between the plants and manures,
sewage, irrigation water and runoff (Beuchat 2006). Runoff from farms can also
contaminate drinking water sources and result in outbreaks if treatment systems
are inadequate. A large outbreak caused by both Campylobacter and E. coli
O157:H7 occurred in Walkerton, Canada during 2000. The outbreak involved over
2,300 cases of gastroenteritis (in a town of 4,800 residents) with 27 cases of HUS
and seven deaths (Hrudey et al. 2003). Heavy rainfall resulted in runoff from farms
contaminating the ground water in wells that fed the municipal water supply, at the
same time, chlorination equipment failed at the water treatment plant leading to
contamination of the water supply (Danon-Schaffer 2001). These outbreaks
highlight the complex chain of events and transmission pathways that often lead to
human disease.

5 Sources and Transmission Routes

EHEC of serotype O157:H7 have been isolated from many ruminant animals,
including sheep, goats, bison, deer and water buffalo, but the most important
reservoir has been identified as cattle (Ferens and Hovde 2011). E. coli O157:H7
has also been isolated on occasion from a range of other animals including pigs,
dogs, rats, rabbits, horses, amphibians, fish, various kinds of birds and insects
(including flies and dung beetles). These animals are not considered to be a sig-
nificant reservoir of this pathogen but they may play a minor role in transmission
between animals, humans and the environment (Garcia et al. 2010; Ferens and
Hovde 2011). Even though cattle and ruminants are considered to be the most
important zoonotic source of E. coli O157:H7, as yet unidentified animal reser-
voirs may also exist which serve to act as long-term sources of cattle infection
(Garcia et al. 2010). EHEC serotypes other than E. coli O157:H7 (such as O111
and O26) have been isolated from a variety of animals (Bettelheim 2007),
including young animals with diarrhoea (Hornitzky et al. 2005; Jenkins et al. 2008;
Badouei et al. 2010).

EHEC, whose primary reservoir is cattle, are mostly found in the intestine and
can be shed in their faeces, but they are also commonly found on the hides and in
the mouths of cattle (Fegan et al. 2005; Keen and Elder 2002). E. coli O157:H7 are
thought to selectively colonise cattle at the distal region of the rectum near the
recto-anal junction (Naylor et al. 2003) which is mediated by factors associated
with LEE and a plasmid carried by E. coli O157:H7 (Sheng et al. 2006; Naylor
et al. 2005). Such specific tissue tropism has not been reported for other EHEC
serotypes which are found throughout the intestinal tract (Aktan et al. 2007). The
prevalence of EHEC in animals ranges widely with surveys finding anywhere
between none and the majority of animals shedding these pathogens (Barlow and
Mellor 2010; Rhoades et al. 2009; Masana et al. 2010; Kobayashi et al. 2009;
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Hussein 2007). Most of what is understood about animal carriage of EHEC comes
from work focussing on E. coli O157:H7. Shedding of E. coli O157:H7 by animals
is variable and often dependant on the age of the animal (higher in animals
between 2 months and 2 years old) and the weather (increased shedding observed
in the warmer months in some countries) (Garcia et al. 2010). Shedding of E. coli
O157:H7 in animal faeces is generally intermittent with the majority of animals
shedding for only a short period of time, although some animals may become
persistent shedders (Robinson et al. 2004). The majority of animals shed low
numbers of E. coli O157:H7 in their faeces (\1,000 or 10,000 cfu/g of faeces), but
a few animals shed higher numbers and these have been termed high-level carriers
or super-shedders (Low et al. 2005; Omisakin et al. 2003). A few super-shedding
animals can be responsible for contributing [96 % of the total E. coli O157:H7
load (Omisakin et al. 2003) and represent the greatest risk for transmission within
herds (Cobbold et al. 2007; Matthews et al. 2006) and contamination of carcases
during processing (Fegan et al. 2005, 2009). Super-shedding is also believed to
occur for other EHEC serotypes (Menrath et al. 2010). The factors influencing
super-shedding are currently unknown, but targeting such animals will be
important in efforts to reduce the risk of EHEC infections in humans (Chase-
Topping et al. 2008).

Transmission routes of EHEC between animals and humans can be direct, such
as contact between animals and humans, or can be far more complicated. Foods
made from animals harbouring EHEC, such as meat and dairy products, may
become contaminated during production and processing and lead to human disease
if consumed. E. coli shed in the faeces of cattle can contaminate farm environ-
ments as manure and waste materials can contain EHEC (Fremaux et al. 2008).
E. coli can survive for long periods of time (several months or longer) in soils,
depending on the composition of the soil and also in manures, although proper
composting or waste treatment can kill E. coli O157:H7 (Fremaux et al. 2008;
Ferens and Hovde 2011). Rainfall events can assist in the spread of E. coli from
farms to nearby water sources and contaminated water may result in illness if it is
used to irrigate fresh produce (Hilborn et al. 1999) or used for swimming or
drinking (Olsen et al. 2002; Centres for Disease Control and Prevention 1996;
Hrudey et al. 2003). Understanding the mechanisms involved in EHEC trans-
mission between animals, the environment and humans, and developing controls to
limit this transmission will be of great importance to reduce the risk of this
pathogen causing human illness.

6 Controlling EHEC

There are few effective treatments for EHEC infection in humans. Prevention of
ingestion of the organism is therefore the most effective control and focussing on
reducing the pathogen load within food production systems and the environment
will be the most important aspect for prevention of disease (Garcia et al. 2010;
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Khanna et al. 2008). To be effective in reducing the risk of human EHEC infection,
controls must be focussed on all aspects enabling the transmission of these
organisms including interventions aimed at animals, environments, the food chain
and humans. Pre-harvest control in animal populations has used a variety of
approaches to reduce EHEC shedding. These include the use of vaccines against
E. coli O157:H7, lytic bacteriophages specifically targeting E. coli O157:H7,
probiotics and direct fed microbials, diet manipulation and feed additives. These
controls go some way to reducing the prevalence of EHEC in animal populations
but do not completely eliminate the pathogen (Berry and Wells 2010). The costs,
frequency of application, efficacy and regulatory requirements will all impact on
the adoption of such controls into the future. Reducing animal shedding of EHEC
will decrease the incidence of these organisms in animal-based food products and
in the environment thereby limiting the opportunity for transmission into humans.
Appropriate composting and preventing runoff of manures and wastes will reduce
environmental contamination and that of fresh produce and water supplies. Post-
harvest controls during food production, such as pasteurisation of milk for use in
dairy products, hide and carcase decontamination in meat production, also lead to
the reduction of EHEC in food products and reduce the risk of human infection
(Berry and Wells 2010; Oliver et al. 2009). Good manufacturing process and
ensuring hygiene throughout at all stages of food production (from farm to retail
and consumption) are critical for reducing human infection with EHEC.

7 Case Studies

The significance of the One Health paradigm to EHEC will now be illustrated
through two case studies. The complexities of human activities for plant and
animal food production, globalised food trade, use of antibiotics for the control of
human and animal illness, alongside microbial ecology, all interact to demonstrate
the sensitive interrelationships which can profoundly influence One Heath.

Case study 1. During 2006 a large multistate foodborne outbreak of E. coli
O157 occurred in the United States. This outbreak was distinctive due to the
severity of disease symptoms and the resultant high rates of both hospitalisation
(50 %) and HUS (10 %) (Manning et al. 2008). While the most common food
vehicle for EHEC infection in the US is undercooked beef hamburger, in this
outbreak, bagged baby spinach leaves were found to be the food source (CDC
2006). The contaminated spinach was traced to a single day of production at one
processing plant and fields located on four spinach farms on the central California
coast. Further investigations determined that the faeces of feral swine likely
contaminated the spinach following transmission (to the swine) of E. coli O157
from cattle located in the same geographical region, but not present on the
immediate fresh produce farms. Surface water was also considered as a potential
pathway for the transmission of the O157 from cattle to swine (Jay et al. 2007).
Subsequent molecular and genomic analysis of the pathogenic outbreak strain
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revealed a distinct genome organisation, placing the strain in a ‘hypervirulence’
clade (Manning et al. 2008), and integration of a Stx2-prophage genome at a novel
site in the bacterial chromosome (Kulasekara et al. 2009). This novel Stx2-
prophage directs the production of elevated levels of Stx2 toxin which may
account for the hypervirulence of such E. coli O157 strains (Neupane et al. 2011).

Case study 2. The application of bacterial genome sequence-based genotyping
combined with product trace-back enabled identification of a particularly unusual
food source and a rare HUS-causing pathogenic E. coli associated with a massive
outbreak in Europe during 2011. E. coli serotype O104:H4 infection resulting from
ingestion of salad sprouts from imported fenugreek seeds led to a total of 3,842
cases, and 855 cases of HUS leading to 35 deaths with another 18 deaths from
nonHUS complications associated with infection (Muniesa et al. 2012). While the
outbreak strain was never isolated from fenugreek seeds, molecular typing
methods were applied to strains from separate French and German outbreaks
which indicated a common causative pathogen and facilitated identification of a
common food source. Rapid genome sequencing revealed that the infectious agent
was not E. coli O157, but rather a member of the EAEC pathotype which had
acquired a Stx2-encoding prophage through the process of bacteriophage trans-
duction (Rohde et al. 2011). The genome sequence also indicated that no fewer
than 10 different antibiotic resistance genes had been acquired by the outbreak
strain. Clearly, the specific combination of EAEC pathogenesis mechanisms,
augmented by Stx production, constituted a particularly powerful virulence arsenal
(Rohde et al. 2011).

The case studies presented above demonstrate selected elements of the One
Health web. If viewed through a narrow lens, the different nodes of the web may
appear separate and unconnected. However, if viewed through a wide-angle lens,
the web of interconnection becomes abundantly clear. In both cases, uncooked
vegetable foods (normally considered healthy and nutritious) were the vehicle
carrying infectious E. coli to the human gastrointestinal tract. Since EAEC
O104:H4 is known to be restricted to human hosts (Kuijper et al. 2011) (unlike the
zoonotic EHEC O157), it is very likely that O104:H4 contamination of fenugreek
seeds resulted either directly or indirectly from human faecal contamination. The
plausibility of potential contamination by human faeces is supported by the
resistance to multiple antibiotics of the outbreak strain. Such antibiotic resistance
is selected by recurrent antibiotic use, which suggests that the organism may have
emerged in humans suffering diarrhoea who were then treated with antibiotics for
such illness. Since some classes of antibiotic are known to promote the rapid
production of Stx bacteriophages by their host E. coli cells (Bielaszewska et al.
2012), it is also feasible that transfer of the Stx2-encoding prophage to the
O104:H4 EAEC strain was induced by human antibiotic use.

Our emerging recognition of the significance of One Health will now foster
further effort to generate deeper knowledge of its intricate relationships. This
knowledge will then support endeavours to steward the finely balanced interde-
pendency of human, animal, plant and environmental health.
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Part II
National Plans for Developing a One

Health Approach



FAO and the One Health Approach

Juan Lubroth

Abstract The Food and Agriculture Organization (FAO) of the United Nation’s
view on One Health is broad as it extends from human, animal—domestic and
wildlife—and environmental health. Though the nidus of work originated within
FAO’s animal health service of the Agriculture and Consumer Protection
Department, it is clearly an area of work that would include other departments
such as Natural Resources Management and the Environment, Forestry, Fisheries
and Aquaculture, Economic and Social Development, Legal Services, and
communication. In terms of risk assessment and risk mitigation to health threats at
the human–animal-ecosystem interface FAO works closely with its global part-
ners, World Health Organisation and the World Organisation for animal health
(the ‘‘Tripartite’’). FAO’s animal health service sees its work in One Health as
contributing to all eight Millennium Development Goals, recognising the impor-
tance of animal health to human health, food safety, nutrition and food security,
ameliorating poverty and hunger, natural resource management and partnerships.
Some examples of FAO’s operationalising One Health approaches or principles
are introduced.
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1 Introduction

The increasing awareness of just how interconnected the systems are that inter-
twine the lives of animals, people and their environments—and each one of their
healths—has come to be expressed as ‘‘One Health’’. As the human and animal
global populations swell, the latter in large part to keep pace with growing food
needs, human actions are placing enormous pressure on the viability and safety of
the planet. Humans and their crops and livestock exact a toll on the environment;
encroaching on pristine ecosystems for agriculture and development, exacerbating
climate dynamics, exhausting soils and altering landscapes or contributing to
further desertification. Greater urbanisation and sharp increases in international
trade and transport—and the impressive speed with which pathogens can instantly
become global, such as influenza, mean that in order to better protect global human
health, greater care must be given to maintaining the health of ecosystems and
animals. Two out of three new diseases in humans originate in the animal world—
70 % of those from wildlife animals in particular (Jones et al. 2008). However,
livestock raising also makes up 40 % of global agricultural GDP (FAO 2009).
Livestock is especially critical in developing countries, where one billion of the
poorest farmers depend on livestock for basic protein and as a way of making a
living (Ashley et al. 1999).

One Health eludes any precise definition, making it hard to convey as a con-
cept. FAO, like many, have resisted efforts to define it, recognising that part of its
strength lies in the fact that it remains open to a range of disciplines that can
contribute to global health. The importance of the term lies its interdisciplinarity—
required for tackling complex challenges such as health, which is a continuum
from the local to the global level. Although to date the effort and concept have
been principally focused on infectious diseases, it is recognised that causation of
disease states and the promotion of overall health is much broader. For safe-
guarding health, cohesion of collective efforts to improve nutrition and better
understand the role of ecosystems in health requires exploration. For example by
providing ecosystems services, biological diversity is maintained, thus benefiting
improved biological resilience that provides a buffer against extreme events.

From an infectious disease perspective, FAO has established systems in pre-
vention, detection, preparedness and response to better address threats at global and
local levels (i.e., H5N1 avian influenza, foot-and-mouth disease, rabies, brucellosis,
other high impact diseases). Critical to this work are FAO’s collaborative agree-
ments with the World Organisation for Animal Health (OIE) and the World Health
Organization (WHO), another UN agency, as a tripartite working to promote One
Health in common areas where synergies can be found (such as zoonotic agents,
antimicrobial resistance, disease intelligence). The tripartite, individually and col-
lectively, is involved in setting standards, improving governance and quality control
mechanisms for health, as well as honing prevention efforts, developing early
warning alerts and timely responses to disease events around the world and gaining
better understanding of the drivers to disease emergence, maintenance and spread.
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Zoonotic diseases and high impact animal diseases that have ruinous impacts on
human health, livelihoods and commerce are given high priority.

FAO embraces the One Health approach by engaging the depth of resources
and expertise it has as an organisation across the disciplines it has in-house: FAO
has over 3,000 employees ranging from veterinarians, wildlife specialists,
microbiologists, nutritionists, sociologists, lawyers, anthropologists, bioinforma-
ticians, water engineers, crop economists, development communicators and
extentionists, molecular biologists and emergency and relief responders. FAO is a
One Health organisation.

Healthy animal production systems—terrestrial and aquatic; domestic and
wild—converge with efforts to feed the world and manage natural resources
sustainably, reducing the risk for disease outbreaks by implementing sound agri-
cultural and development policies that improves people’s food security and source
of livelihood. FAO as an organisation, and in its One Health work, fosters com-
munity participation and gender equity in terms of resources, informations, goods,
services and decision-making in rural and urban areas. The approach calls for
increased public and private investments to strengthen existing agriculture and
development systems and an enabling environment in which to do so. Getting
wholesome food to the cities, with enormous peri-urban populations living in
unhygienic conditions, remains a challenge for FAO and the One Health agenda.

While many issues are ‘‘One Health’’ issues, FAO’s animal health service has
prioritised actions and activities focusing on some ten priority infectious diseases
because of their impact on food security, socio-economic importance, trans-
boundary spread, food safety or economic security1 and other cross-cutting issues
such as antimicrobial resistance, information and surveillance systems between
veterinary, wildlife and public health sectors, planning and preparedness. For
FAO, the One Health priority issues extend beyond emerging and re-emerging
infectious diseases, as some of the known and ancient diseases that have not been
successfully addressed or curbed would benefit from an inter-disciplinary and
multi-sectoral approach (i.e., tuberculosis or rabies). However, tackling single
pathologies is likely not cost effective or efficient in the long run and a more
encompassing approach would and could improve health across a production
systems based on species or sector (i.e., small ruminant health, dairy sector).
Having hygiene and biosecurity concepts practiced as if they were second nature
can eliminate numerous disease threats; flock or herd health can include vacci-
nation and treatment of the young stock for those high risk/high impact diseases.

It is recognised that an area of neglected importance is environmental health
and ecosystem services, and further effort for outreach is required to fully capture
the meaning of One Health and extend this beyond the mindset of an infectious
zoonotic disease. Humans and other animals share the biosphere with all the other

1 High impact diseases include: Peste des petits ruminants, foot-and-mouth disease, rift valley
fever, brucellosis (especially melitensis), trypanosomosis, classical and African swine fever,
sheep and goat pox, virulent avian influenza and Newcastle’s disease, contagious caprine and
bovine pleuropneumonias.
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abiotic and biotic factors surrounding—including pathogens. An ecosystem that is
healthy is resilient in terms of adapting or recovering from shocks. Such resilience
also comes from the presence of high degree of biodiversity rather than a system of
monocultures where pathogens may flourish unabated (Keesing et al. 2010; Garrett
and Mundt 1999; Polis et al. 1997). The importance of ecosystem services include
the transformation of a set of natural assets (soil, plants and animals, air and water,
carbon sequestration and nitrogen fixation). If the natural assets decline, so do the
benefits (Boyd and Banzhaf 2006). Thus FAO and others should look after and
maintain these natural assets from which greater returns will come. Some of the
examples of ecosystem services that come from nature include: pollination, reg-
ulation of climate, maintenance and provision of genetic resources, maintenance
and regeneration of habitats, shade and shelter, prevention of soil erosion and
maintenance of soil fertility, waterways and water filtration and waste absorption
and breakdown.

Millennium Development Goals (United Nations 2012). The developing FAO
contribution to One Health requires effective response mechanisms to redress
poverty, health, hunger and natural resource management. This implies that a
broad health management approach requires development to reflect that health
security cannot be viewed in isolation, but includes aspects related to animal
production, marketing, socio-economics, governance, poverty and requirements
for targeted investments for development. In much of the developing world, food
and health security are interdependent, as both are critical to the livelihoods of the
more vulnerable groups of society. Thus the One Health approach and the
importance of animals and animal products play an important role in contributing
to the Millennium Development Goals (MDGs).

• MDG 1: Eradicate extreme poverty and hunger

– This is one of the principal pillars of the FAO’s mission. Livestock provide a
highly nutritious source of food, provide draught power to till fields for crop
production, to reap the harvest and transport it to market. Livestock also
provide manure as nutrients for soils, and animal fibres and skins provide
clothing, while other animal products can be used for shelter and housing
material as well as adhesives. Livestock raising can provide a route out of
poverty because of their economic value which can be moved in times of
flooding, drought or civil unrest. Wildlife provide a valuable source of quality
nutritions to millions of people.

• MDG 2: Achieve universal primary education

– Quality nutrition in vulnerable households enables children to reach their full
potential in school, having the energy, protein and micronutrients needed for
their cognitive development.

• MDG 3: Promote gender equality and empower women

– This is an important aspect in animal health and nutrition, since most often it
is the women of a household that feed and care for the animals in smallholder
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or family setting. Thus, improving animal health and production is only
possible through women and by empowering women.

• MDG 4: Reduce child mortality

– The improved incomes and reliability of incomes for poor households means
that when an unexpected medical expense becomes urgent, those families can
cope. The improved access to nutrition available from milk, dairy, eggs and
meat also means that growing children have stronger immune systems to fend
off illness and disease, including food and/or water-borne infections. In some
nomadic societies, livestock are the sole source of milk and key to the survival
of children under five.

• MDG 5: Improve maternal health

– Maternal health depends on the micronutrients, vitamins and minerals often
found in needed quantities throughout pregnancy and maternity, livestock and
other animal products are often the unique source of these via milk, dairy,
eggs and meat.

• MDG 6: Combat HIV/AIDS, malaria and other diseases

– As with MDG 4 above, the body’s ability to resist and fend off illness and
disease will in part be determined by the individual’s state of health when
confronted with an infection. From an infectious disease viewpoint, many
would argue that One Health relates principally (if not solely) to zoonotic
diseases and other health threats at the human–animal interface. FAO
broadens this view and considers that other animal diseases, while not zoo-
notic, can and do affect human health, nutrition and livelihoods.

• MDG 7: Ensure environmental sustainability

– An additional FAO pillar is that of natural resource management and proper
stewardship of the environment. This MDG captures the importance of having
sound agricultural and land use policies, resilient ecosystems services and
efficiencies in production parameters whereby the negative impact of food
animals are minimised and conservation efforts are improved or at least
maintained. In addition, the natural services (such as pollination, air and water
quality) provided by nature are preserved and made efficient use of.

• Lastly, MDG 8: Develop a global partnership for development–recognises that
no one group, country or agency can accomplish this alone, whether local or
global.

FAO’s Action Plan (Food and Agriculture Organisation 2011b). An Action Plan
was endorsed by the FAO’s Programme Committee in March 2011, which
recognised FAO’s comparative advantage in taking a broad, multidisciplinary
approach and building on investments and lessons learned from the crisis unlea-
shed by the H5N1 highly pathogenic avian influenza outbreaks that began in late
2003 in southeast Asia and peaked in 2006 with over 60 countries reporting its
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introduction. This Action Plan recognises that cooperation and collaboration with
national governments, sub-regional, regional and global organisations and the
engagement of donor development agencies are required.

The strategic vision guiding the Action Plan is a world in which risks to animal
and animal-related human health due to a wide range of high impact zoonotic and
non-zoonotic diseases, and their associated affect on food security, livelihoods,
trade and economic development are minimised through improved upstream
prevention measures, early detection, timely response, containment and elimina-
tion. The main goal of the strategy is to establish a robust global animal health
system that effectively manages major animal health risks, paying particular
attention to the animal–human-ecosystems interface and placing disease dynamics
into the broader context of agriculture, socio-economic development and envi-
ronmental sustainability, while recognising the essential role of adequate nutrition
for health.

The Action Plan proposes specific actions in five technical work areas:
(1) Understanding the cross-sectoral nature of health hazards; (2) Developing core
technical capacities to deal with animal diseases at national, regional and global
levels; (3) Strengthening health systems (institutional development and policy
formulation); (4) Promoting animal health strategies that are socially acceptable
and economically viable and (5) Fostering collaboration between animal, human
and environmental health sectors. The Action Plan is upheld by three functional
work areas: (A) Ensuring adequate human resources; (B) Communicating the
Action Plan appropriately and (C) Establishing robust mechanisms for monitoring
and evaluation. The Action Plan proposes to assist least developed countries to
build their capacities in early warning, early detection and rapid response to dis-
ease outbreaks. The actions recommended are risk-based and tailored to the local
context, engaging the people involved through participatory processes. All actions
of the plan aim at sustainability and ownership by countries and regions and range
from immediate to long-term actions with a developmental perspective.

The Action Plan is coherent with FAO’s current strategic framework and
several of its initiatives, including the strengthening of the Emergency Prevention
System (EMPRES) for transboundary animal diseases, established in 1994 to
combat threats to production, health and the environment. Since its endorsement,
the FAO Programme Committee has requested two Action Plan updates to date.
A planned submission for consideration to the Commission on Agriculture will be
made by May 2014 to gain further support from FAO’s governing bodies.

Operationalising One Health. FAO is involved in hundreds of field programmes
around the world promoting and guiding food production, nutrition, policy, sup-
porting sustainable forestry development and environmental issues, mitigating and
adapting to the effects of climate change and responding to emergencies and crises.
In its vast field programme, capacity development and outreach are key compo-
nents. The farmer field schools and livestock field schools that incorporate the
latest knowledge in crop production and animal health are one example, and with
their constantly developing curricula, One Health could easily be incorporated by
including hygiene and health as an integral part of farming, with inputs from
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physicians with a thorough understanding of participatory approaches and
community communication (Centres for Disease Control and Prevention 2012;
Food and Agriculture Organisation 2011a). It is recognised that this effort is
community-based and needs a long-term horizon, whereby the learning activities
are undertaken and the positive experiences become second nature to those that are
engaged to impart their
know-how to the next generation. One Health Clubs are another example, also at
the village or community level, where human health is addressed as an expression
of wider animal health and environmental health. One Health Clubs might focus
on rabies and raise awareness about responsible dog ownership. These Farmer
Field Schools and One Health clubs require monitoring, beginning with baseline
information or participatory rural appraisals, where impacts can be evaluated and
the platform improved, adapted and promoted for use elsewhere. Within profes-
sional competencies, a field/on-the-job cross-disciplinary training would be ben-
eficial to further knowledge and to establish inter-sectoral links. At the
professional level, modules and curriculum of the Field Epidemiology Training
Programme (for physicians) can and have been adapted for veterinary laboratory
specialists in Asia and Africa and the newer Field Epidemiology Training Pro-
gramme for veterinarians (including components for wildlife specialists in other
agencies outside health and agriculture), serve as proven models in increasing
capacities and competencies while maintaining employment within the public
sector (Minjauw et al. 2002; Food and Agriculture Organization 2009). In this
continuing education programme, trainees participate in a 2-year programme
spending some 25 % of their time in a classroom setting or with individualised or
group mentor sessions, honing their skills on a pertinent problem within their
community or country while still being active in the workplace. The programme
counts on a cohort system, whereby those in the second year assist in teaching
those in the first year (under the supervision of an experienced instructor, facili-
tator and epidemiologist). In addition, professionals and decision makers can
advance One Health through their participation in simulation exercises (i.e., a
potential zoonotic disease outbreaks that requires collaboration between public
health, veterinary services, private sector, tourism authorities, national security and
could involve communications professionals in a mock crisis situation and a
pretend press conference). Lastly, operationalising One Health can well begin
early in the academic curriculum of future professionals ranging from communi-
cations, to forestry and the environment as well as the biomedical sciences.

2 Conclusion

FAO’s animal health portfolio stresses the importance of the broad,
multi-disciplinary and multi-sectoral collaborative approach adopted by its Action
Plan in attending to the health risks at the animal–human-ecosystems interface and
contributes to the FAO/OIE/WHO tripartite vision. It will be important that FAO
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act on the priority activities within the Action Plan, ensure periodic monitoring of
performance towards effective animal disease risk management at international,
regional and country level and most importantly at the local level in a people-
centred approach that will reflect and contribute towards achieving all of the eight
millennium goals. FAO’s One Health approach would reach beyond its animal
health service and with corporate-wide support can promote the practices local,
national and global level to ensure global health security.
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constitute a significant challenge for the public health and animal health
communities in the twenty-first century. The African continent suffers from one of
the highest burdens of infectious diseases of humans and animals in the world but
has the least capacity for their detection, identification and monitoring. Lessons
learnt from recent zoonotic epidemics in Africa and elsewhere clearly indicate the
need for coordinated research, interdisciplinary centres, response systems and
infrastructures, integrated surveillance systems and workforce development strat-
egies. More and stronger partnerships across national and international sectors
(human health, animal health, environment) and disciplines (natural and social
sciences) involving public, academic and private organisations and institutions
will be required to meet the present and future challenges of infectious diseases. In
order to strengthen the efficiency of early warning systems, monitoring trends and
disease prediction and timely outbreak interventions for the benefit of the national
and international community, it is essential that each nation improves its own
capacity in disease recognition and laboratory competence. The SACIDS, a One
Health African initiative linking southern African academic and research institu-
tions in smart partnership with centres of science excellence in industrialised
countries as well as international research centres, strives to strengthen Africa’s
capacity to detect, identify and monitor infectious diseases of humans and animals,
to better manage health and socio–economic risks posed by them, and to improve
research capacity in investigation the biologic, socio–economic, ecologic and
anthropogenic factors responsible for emergence and re-emergence of infectious
diseases.
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1 Introduction

A cursory examination of such sources as HealthMap, EMPRES-i and ProMed,
which record disease events as reported in either official or unofficial publications
shows a tendency for the clustering of disease events in North America, Europe and
South-east Asia, a phenomenon that Jones et al. (2008) have referred to as the global
richness map of the geographic origins of epidemic/emerging infectious disease
(EID) events. It does not always reflect either source or areas of endemic settings of
diseases, especially those of epidemic or transboundary nature. Studies which have
focused on the risk of spread of EID (Brownlie et al. 2006, 2005; King et al. 2006;
Rweyemamu et al. 2006; Jones et al. 2008; Woolhouse et al. Woolhouse 2008; FAO/
OIE/WHO 2008; World Bank 2010) point to Africa and Asia as likely to harbour the
endemic settings of both conventional and emerging epidemic diseases, especially
in the human–livestock–wildlife interface areas. This view has been reinforced
during a number of recent inter-governmental meetings (e.g.in Beijing in 2006,
Sharm El-Sheikh in 2008, Winnipeg in 2009 and Stone Mountain in 2011). It is also
implicit in the definition of One Health by the European Commission as ‘‘‘the
improvement of health and well-being through (i) the prevention of risks and the
mitigation of effects of crises that originate at the interface between humans, animals
and their various environments,..’’ There is also general conclusion that most
emerging human pathogens have originated from animals or animal products and the
risk of disease spread has been exacerbated by such factors as globalisation, climate
change and systems of governance which do not target tackling pathogens and
diseases at geographic source, e.g.in the endemic settings of developing countries or
in animals. Yet, there is increasing evidence for the cost effectiveness for such
targeted investment (Rushton et al. 2012; Jonas 2012).

Another observation is that Africa, probably has the highest burden of infectious
diseases, with 72 % of the disease burden attributable to poverty, interactions
between socio–economic opportunities and the health of animals, people and eco-
systems, compared to 27 % in the rest of the world (Smith et al. 1999; Lopez et al.
2006; Kock et al. 2010; Muyembe et al. 2012). Also, such factors as climate vari-
ability, with fluctuations of drought and floods, internal displacement due to natural
disasters or civil instability exacerbate the incidence, spread and socio–economic
impact of disease in Africa, trapping many communities in chronic poverty.

These considerations are what propelled academic and research institutions in
the Southern African Development Community (SADC) to set up the Southern
African Centre for Infectious Disease Surveillance (SACIDS).

2 Brief History of SACIDS

The Foresight study on human, animal and plant infectious diseases identified
future (to 2030) drivers of infectious disease risks (economic and climate change),
future disease threats and future science/technologies that will help to manage the
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risk of infectious diseases within the evolving societal context of culture, gover-
nance, economic trends and human practices http://www.bis.gov.uk/foresight/our-
work/projects/published-projects/infectious-diseases. Among its conclusions the
following were the most pertinent to Africa:

• Many existing diseases will remain important, but new diseases will emerge in
the future—noting that in the previous 25–30 years some 75 % of new/
emerging infectious diseases of humans had originated from animals;

• Major infectious diseases are endemic in Africa and Asia; They constitute a high
risk for future marginalisation of Africa;

• Human mobility and access to international markets for African animal and
plant commodities could be severely constrained by infectious diseases in
Africa; and

• Substantial advances in infectious disease prevention and management will be
made through integration of research across sectors (human, animal, plant) and
disciplines (natural and social science);

• New technological systems for early detection, identification and monitoring of
infectious diseases have the potential to transform our capabilities in managing
future disease risks, especially if challenges of international development are
met. This convergence of technologies for DIM offers opportunity for innova-
tive approaches in managing infectious disease risks in Africa.

• Societal contexts will be crucial in realising the benefits of the new techno-
logical systems.

In the light of these conclusions, a series of meetings in Africa, including the
Foresight Africa workshop in Entebbe (Brownlie et al. 2005), the AU meeting of
Directors for Livestock Development in Kigali 2004, the Congress of African
Scientists and Policy Makers (CASP) in Alexandria, Egypt, 2006, the AU-Fore-
sight meeting in Pretoria, September 2007 and the FAO-SADC-OIE meeting of
SADC Chief Veterinary Officers (CVOs) plus regional experts in infectious dis-
eases of livestock, wildlife and humans (zoonoses) in Arusha, Tanzania, August,
2007, all pointed to the need for urgent action for inter-sectoral initiatives aimed at
accelerating the capacity of African institutions for the detection, identification and
monitoring of infectious diseases. A common thread was that such initiatives
should be rooted in national systems for disease surveillance and should foster
inter-sectoral collaboration between the public health and animal health sectors.

These meetings and consultations culminated in a workshop in Pretoria from 22
to 25 January 2008, which outlined the Vision for a Southern African Centre for
Infectious Disease Surveillance (SACIDS) as a virtual centre of academic and
research institutions. The same workshop also recommended that in each partic-
ipating country there should be a formal mechanism for promoting inter-sectoral
collaboration on infectious diseases, as a national virtual centre for infectious
diseases or National Centre for Infectious Disease Surveillance (NatCIDS).

The January 2008 workshop of the founding SACIDS consortium members (i.e.
academic and research medical and veterinary institutions of the Democratic
Republic of Congo, Mozambique, Tanzania and South Africa) together with
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potential Northern Partners and potential technical and financial enablers, as well
as two African plant disease specialists, defined the Vision, Mission and key
Objectives of SACIDS.

3 The SACIDS One Health Model

SACIDS is a One Health Virtual Centre linking southern African academic and
research institutions involved with infectious diseases of humans, animals and
ecosystems in smart partnership with centres of science excellence in industria-
lised countries as well as international research centres. The founding African
institutions are from Tanzania, Democratic Republic of Congo (DRC), Mozam-
bique, South Africa and Zambia and the Founding Smart Partnership institutions
are the University of London colleges which are linked by the London Interna-
tional Development Centre, including the London School of Hygiene and Tropical
Medicine, the Royal Veterinary College and School of Oriental and African
Studies as well as the International Livestock Centre (ILRI) located in Kenya.

The mission of the centre is: to improve Africa’s capacity to detect, identify and
monitor (DIM) infectious diseases of humans, animals, ecosystems and their
interactions in order to better manage the risks posed by them.

It seeks to implement this mission through its One Health focus, which SAC-
IDS defines as addressing infectious diseases in the endemic settings of Sub-
Saharan Africa through a collaborative effort between natural and social sciences
to advance the understanding of interactions between humans, animals and the
environment to improve public and animal health (Rweyemamu et al. 2012). This
focus is in line with the definitions or hypothesis of advancing the One World, One
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Health approach (King 2008; FAO/OIE/WHO 2008; European Commission 2010;
Parkes et al. 2005; Zinsstag et al. 2011).

The SACIDS is driven primarily by the objectives of institutional capacity
development. It seeks to do so through a 3-pronged hypothesis namely that:

• The Virtual Centre concept would be more cost effective than a single physical
centre for DIM of IDs

• Theme Driven Programmes would have a faster impact on capacity than
isolated individual projects

• The Community of Practice approach would enhance the quality of supervi-
sion/mentoring of trainees as well as for research collaboration across institu-
tions, projects and themes

Community of Practice Approach

Research 
Advisors/Mentors
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3.1 The Basic Structure of SACIDS Virtual Centre

The overriding organisational structural principle is one of equity between the
public health and animal (including wildlife) health sectors. This is also reflected
in the governance structure of SACIDS. Thus the executive director is supported
by two non-executive deputy directors, one who has an oversight over activities in
the human health sector while the other focuses on the animal health sector.

In each of the four founding participating countries a National virtual Centre for
Infectious Disease Surveillance (NatCIDS) exists, which links in-country institu-
tions and the ministerial sectors responsible for human health, animal health and
environmental health. In each country, where the coordinator is from the human
health sector, the deputy is chosen from the animal health sector and vice versa. The
programmatic structure of SACIDS is shown in Fig. 1. The central coordinating unit
is the SACIDS Secretariat at the Sokoine University of Agriculture together with the
NatCIDS in the participating countries. Smart Partners and the member institutions
are involved in the execution of SACIDS programmes (Figs. 2, 3).

3.2 The Role of NatCIDS

The National Centres for Disease Surveillance (NatCIDS) play a key national role
in guiding, leading, training and generation of scientific innovations for use in the
surveillance and risk management strategies including early warning systems,
emergency preparedness and interventions needed for prompt containment or
control of infectious diseases of humans and animals. NatCIDS are made up of
relevant experts, epidemiologists and stakeholders across the country and have a
principal role in promoting multi-institutional, multi-sectorial partnership and
collaboration both at national and international level in order to implement
common activities and achieve strategic objectives of SACIDS.

In brief, the main activities of NatCIDS could be summarised as follows:

• To create a national platform to share and harmonise efforts from diverse
sources with regard to infectious diseases surveillance and risk management

• To assist country diseases surveillance programme by evaluating and
strengthening surveillance systems both on medical and veterinary sides with
specific reference to the ‘‘One Health Concept’’

• To work with stakeholders in preparing early, coordinated and accurate
responses in case of epidemics or emerging disease occurrences

• To provide a better understanding of the circumstances of infectious diseases
occurrence through state-of-the art involvement and investigations during outbreaks

• To source for resources through grants application for long self-sufficiency of
the consortium at the national level

• To create effective collaboration with other African countries and Northern
partners in addressing One Health issues
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3.3 Training for One Health

No country, rich or poor, is immune from the risk of microbial threats. Although
specific conditions leading to emerging or re-emerging of infectious agents may be
different, the challenge of managing disease spread is virtually the same, but not
all countries have the same capacity to respond to this challenge. Within the
‘‘global village’’, individual countries/regions have different priorities, often
contrastingly varying financial and infrastructure resources. However, an
unprecedented amount of rapid movement of humans, animals and animal prod-
ucts between these countries/regions presents a biorisk not only to an individual
country/region, but to the entire international community. The growing realisation
that pathogens do not respect traditional epistemological divides has resulted in the
emergency of the ‘One Health’ initiative to advocate for closer collaboration
across the health disciplines and has provided a new agenda for health education.
Not only has the need for interdisciplinary participation been acknowledged in
projects involving control of zoonoses (Marcotty et al. 2009; Roth et al. 2003;
Zinsstag et al. 2007) but there has been a new awakening to change the way health
professionals are educated (Marcotty et al. 2009; Zinsstag et al. 2011). It is against
this background that SACIDS included in its capacity development programme the
development of two One Health driven 2-year MSc programmes, one at the School
of Veterinary Medicine, University of Zambia, specialising in analytical epide-
miology and the second at Sokoine University of Agriculture in Tanzania, spe-
cialising in molecular biology (Fig 4).

SUA (+MUHAS 
+ NM-AIST)

UNZA

Curriculum  developed with RVC and LSHTM

Fig. 4 Structure of SACIDS sponsored one health Msc At SUA and UNZA for Yr1 courses;(Yr2
devoted to research project)
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3.4 Developing One Health Research Capacity

The Community of Practice (Wenger et al. 2002; Rweyemamu et al. 2010)
approach for stimulating research within the SACIDS consortium is used to
develop capacity in seven research themes, each with a specific exemplar. These
have been (i) Emerging viral disease diseases—represented by Ebola and Mar-
burg; (ii) Climate dependent, vector-borne diseases (Rift Valley fever); (iii)
Diseases with potential for inter-species concern/spread between wildlife, live-
stock and humans—represented by Tuberculosis; (iv) Diseases of economic and
food security importance—represented by foot-and-mouth disease; (v) Bacterial
rare diseases—represented by plague; (vi) Systems for disease surveillance and
preparedness analysis— focusing on participatory epidemiology and the applica-
tion of mobile technologies to field data capture and transmission; and (vii) socio–
economic approaches to One Health policy research.

The geographical focus of our studies has been in the ecosystems with a high
human–livestock–wildlife interaction or in cross-border areas. The Community of
Practice for each theme has comprised a career development postdoctoral fellow
(supported for 3–5 years), two or three PhD students supported for 4 years and
a similar number of M.Phil. or Research MSc students supported for 2 years,
all co-supervised and mentored by the same pool of specialists from both
Southern Africa and the UK or ILRI (Fig. 2). Each CoP has been encouraged
to seek collaboration with other groups working in the same countries on related
objectives.

4 Case Studies

4.1 Discovery and Characterisation of Novel Arenaviruses
in Africa

Emerging diseases, notably zoonoses caused by negative-stranded RNA viruses
continue to be a formidable problem for public health and veterinary communities
globally. Arenaviruses, principally rodent-borne viruses, are capable of causing
severe syndrome of viral haemorrhagic fevers (VHFs) in humans. The family
Arenaviridae includes 23 recognised species, of which 6 can cause outbreaks of
VHFs with high case fatality rates. Until recently, Lassa virus was the only known
arenavirus to cause VHFs in humans in West Africa (Buchmeier et al. 2007;
Charrel et al. 2008). However, the importation of a previously unrecognised are-
navirus to South Africa after air medical transfer of a critically ill patient from
Lusaka, Zambia in September 2008 resulted in a dramatic VHF nosocomial out-
break in Johannesburg with a case fatality rate of 80 %. International collaboration
during this outbreak allowed for rapid identification of the novel virus, thus
reassuring that health and scientific communities are committed and have powerful
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tools to rapidly detect and respond to the challenges of emerging unknown
pathogens. The history of the outbreak, however, is a serious warning that highly
pathogenic arenaviruses could be more widely prevalent in Africa (Paweska et al.
2009). It also evidences that international movement of patients contributes to
unintentional spread of dangerous pathogens with dramatic public health conse-
quences. Genome molecular study, including the application of unbiased high-
throughput sequencing, allowed for rapid characterisation of a new member of the
family Arenaviridae (Briese et al. 2009) provisionally named Lujo virus (LUJV),
but our knowledge on its ecology, epidemiology, including host range, natural
transmission cycle and distribution is in paucity. In the light of an unusual highly
mortality rate in patients infected with LUJV, studies on tissue tropism, dynamics
of viral replication and dissemination, mechanisms of pathogenesis in rodent host
species and other potential vertebrate hosts, including primates, are needed.

The natural reservoir host of LUJV remains unknown likewise the source and
route of infection of the first (index) case. She kept domestic pets and horses on her
agricultural holding near Lusaka and there was evidence of rodent activity in the
stables. Rodents could contaminate objects left unattended on the ground by
excretion of virus in urine, including broken glass which apparently resulted in a
deep cut to her foot about 10 days before medical evacuation to South Africa
(Paweska et al. 2009). These circumstances might be of potential epidemiological
relevance as she developed first symptoms within the incubation period of are-
navirus infection after the cut. The natural reservoirs of arenavirus in Africa are
rodents of the family Muridae, especially Mastomys natalensis. To-date only non-
pathogenic arenaviruses have been found in areas surrounding Zambia. A study on
the prevalence of arenaviruses among M. natalensis rodents in Zambia was con-
ducted less than 1 year after the LUJV outbreak, from May to August 2009,
including areas surrounding the cities of Lusaka, Namwala and Mfuwe, but not
specifically on the farm of the index case. Nevertheless, of the total of 263 rodents
captured, 5 were positive for an arenavirus infection in kidneys, of which 17 % of
the 23 rodents captured near Lusaka and 4 % of the 24 captured in Namwala were
positive, but none of the 143 rodents captured in Mfuwe were positive for are-
navirus. Phylogenetic analysis of the four Zambian arenavirus isolates showed
distinct sequences between Old World and New World arenaviruses. The novel
Lusaka and Namwala strains, collectively designated Luna virus (LUNV), are
genetically different from the LUJV, but closely related to nonpathogenic are-
naviruses that have been found from central to eastern Africa (Ishii et al. 2011).

4.2 Re-emergence of Rift Valley Fever in South Africa 2008–2011

Rift Valley fever (RVF) was first reported in South Africa when a large outbreak
occurred during 1950 and 1951. Subsequently, outbreaks with confirmed human
cases occurred in South Africa in 1953, between 1974 and 1976, and in 1999.
Limited and isolated outbreaks occurred in South Africa in 2008 and 2009

82 M. Rweyemamu et al.



(Swanepoel and Paweska 2011; Bret et al. 2011), followed by a large, widespread
outbreak during 2010 and 2011. Between 2008 and 2011, more than 2000 speci-
mens from suspected human RVF cases were submitted to the Special Pathogens
Unit of the National Institute for Communicable Diseases of the National Health
Laboratory Service for laboratory confirmation. In 2008 and 2009, a total of 24
non-fatal human RVF cases were laboratory confirmed. In 2010, a total of 241
human cases were confirmed of which 25 were fatal. No human fatalities were
recorded among 37 confirmed cases during 2011. The outbreaks were geograph-
ically linked with outbreaks in domestic ruminants and occurred mostly on the
inland plateau of the country, notably in the Free State, Northern Cape, North-
West, Eastern Cape and Western Cape provinces. The RVF outbreaks in humans
peaked in March 2010 when more than 100 cases were laboratory confirmed. No
new cases have been recorded in 2012 to date. In total, 302 human cases were
confirmed from 2008 to 2011. In the same period, a total of 13,902 animal cases
were confirmed of which 8,581 were fatal. Animal cases involved primarily
domestic ruminants, but wild animals, including buffalo, sable, nyala, alpaca,
llama and Asian buffalo were also affected. Overlap of geographic distribution of
animal and human cases indicates that most humans were infected through direct
contact with infected animals. Indeed, 254 (89 %) of the confirmed cases reported
a history of contact with animal tissues or bodily fluids. All fatal cases occurred in
2010 (case fatality ratio 10 %). The overall case fatality ratio from 2008 to 2011
was 8 % (Jansen van Vuren et al. 2012). The 2008 and 2009 outbreaks were
caused by the virus genetic variants representing lineage C comprising virus
isolates from Zimbabwe (1978–1979), Madagascar (1991), Kenya (1997–1998,
2006–2007), South Africa (1999) and Madagascar (2003). The 2010 and 2011
outbreaks were caused by virus genetic variants related to a Namibian isolate from
of lineage H first identified in 2004. One isolate from the 2010 outbreaks was
genetically distinct, and was closely related to the Smithburn neurotropic vaccine
strain. The virus was isolated from a veterinarian who experienced a needle stick
injury while vaccinating livestock that likely was already infected by wild-type
circulating virus. This isolate is therefore likely a reassortant of the wild-type and
the vaccine RVFV strains (Grobbelaar et al. 2011).

4.3 Studying the Ecology of Filoviruses in the Congo Basin

The sporadic outbreaks of filovirus infections in humans are believed to result from
contact with an infected animal and subsequent transmission between persons by
direct contact with infected blood or body fluids. Infected individuals succumbing
to filovirus infection exhibit virus-mediated impairment of early innate immune
responses allowing for rapid progression of filovirus infection. The unavailability
of antiviral therapy or approved vaccines, and the elusive nature of the spillover of
filoviruses from a reservoir source to humans hamper countermeasures to effec-
tively prevent the severe course of filovirus disease and transmission. Viruses
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belonging to the filovirus group were first discovered in 1967 for Marburg virus
(Saijo et al. 2006) and in 1976 for Ebola virus (WHO 1978a, b). For a long time,
the epidemiological circumstances surrounding filovirus outbreaks suggested that
bats may have served as the primary source of infection in humans and non-human
primates. Despite intensive efforts to trap thousands of vertebrate and invertebrate
hosts in filovirus outbreak areas, isolation of live Ebola virus was unsuccessful,
and the ecology and epidemiology of filoviruses are still not well understood. This
is mostly because filovirus outbreaks occur irregularly, in poor resource, and
remote areas of Africa, consequently investigations of filovirus outbreaks are
hugely delayed and dependent on international support. In addition, handling of
filoviruses requires the use of biosafety level four (BSL 4) facilities which are
unavailable in these countries. Therefore, investigation of filovirus outbreaks,
biology, ecology and epidemiology of filoviruses require a collaborative approach
involving local researchers and overseas partners in order to secure required
funding, training, diagnostic materials and laboratory support.

The SACIDS study of the ecology of filoviruses is undertaken in the Congo
basin and particularly in the Democratic Republic of Congo (DRC) where several
filovirus outbreaks occurred in the past. The programme is based on a collabo-
rative approach involving several Congolese institutions (e.g. National Institute of
Biomedical Research, Veterinary Laboratory of Kinshasa, University of Kin-
shasa), the National Institute of Communicable Diseases (NICD) a branch of the
National Health Laboratory Services of South Africa plus the World Health
Organisation (WHO). In this collaborative approach, the Congolese institutions
provide administrative and human resources for sample collection in the field, the
SACIDS, the NICD/NHLS and the WHO provide maximum security laboratory
facility, training, financial and logistic support. Specific objectives of these studies
are to collect samples from putative filovirus reservoirs in the DRC, notably from
targeted bat species, and conduct their laboratory analysis in the BSL4 facility at
NICD/NHLS (Fig. 2). These studies are based on the hypothesis of bats being
reservoirs of Ebola virus and thus aim at isolating Ebola virus from bat organs.

As part of this programme, several other studies are conducted by the SACIDS
postdoctoral fellow, PhD (2) and MSc (2) students to improve the understanding of
the epidemiology of Ebola disease, develop rapid test for disease detection and a
bat cell culture technique for virus isolation and assess the disease pathogenesis in
the host. Results of these studies will assist in improving the prevention and further
response strategies to control these diseases.

4.4 Investigation of the Presence of the Plague Bacillus in Rodents
and Fleas in Zambia and Tanzania

Rodents and their flea ectoparasites have been known to harbour viral and bacterial
pathogens from discrete ecological foci worldwide. The close proximity of humans
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to rodents and fleas are a recognised route of transmission of pathogens. The
increase in human population density has led to people moving in new areas where
they are at risk of rodent and flea-borne pathogens. A classic example of such
pathogens is the plague bacillus Yersinia pestis which is usually transmitted by
fleas. The disease is enzootic in many parts of Asia, Africa and America (Stenseth
et al. 2008; WHO 2000). Major outbreaks are regularly documented in Africa
where living conditions support close association of rodents, fleas and humans. Of
significance are rodent species outside the peri-domestic environment which may
act as important liaison hosts between the sylvatic reservoir and humans. To
enhance understanding of the route and transmission of the plague bacillus in such
environments, field studies are being undertaken in Tanzania and Zambia. The
studies are focused on analysing the presence of Yersinia pestis in both rodents and
fleas (Hang’ombe et al. 2012) by using molecular methods which are easier and
safer to handle, as Yersinia pestis requires appropriate bio-containment facilities
(Hinnebusch et al. 1998). Areas known to be endemic with plague are being
targeted for surveillance. In these areas, rodents, fleas and where possible human
patients are targeted for Yersinia pestis detection. In addition, the best possible
options for sample collection are being designed for the benefit of the communities
living in these remote and inaccessible areas. The results obtained from such
studies will have a direct impact on disease control strategies.

Based on the same protocol template within the same ecosystem, other
pathogens are also being investigated simultaneously with Yersinia pestis. So far,
studies have revealed the presence of a novel arenavirus from the rodents (Ishii
et al.2011). Furthermore, the protocols that have been established for Yersinia
pestis have also been successfully applied in the control of Bacillus anthracis
outbreaks in Zambia.

4.5 Collaborative Study for Diseases that Threaten Food Security
and Livelihood

Foot-and-mouth disease (FMD) was selected as the exemplar of our One Health
approach which focuses on those diseases which threaten food security and the
livelihoods communities (Perry et al. 2008). FMD is a highly contagious and
economically devastating disease of cloven-hooved domestic and wild animals.
FMD causes mortality among young animals and contributes to production losses
in adults thereby threatening food security and livelihood. The causative agent of
FMD is FMD virus (FMDV), which belongs to the genus Aphthovirus in the
family Picornaviridae. There are seven immunologically distinct FMDV serotypes
(O, A, C, Southern African Territories (SAT 1, SAT 2, SAT 3 and Asia 1) known
to exhibit different global distributions with defined epidemiological clusters
(Rweyemamu et al. 2008) and topotypes within each serotype (Knowles et al.
2003; Vosloo et al. 2002). In Southern Africa, FMD is recognised as a disease of
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strategic importance for which there is regional agreement and commitment for its
progressive control. Accordingly, the region has developed in conjunction with the
FAO, OIE and AU-IBAR, the SADC FMD Progressive Control Pathway (SADC
Report, 2011). Southern Africa relies profoundly on livestock production as a
source of economic growth and livelihoods for the rural poor with nearly over
50 % of the Southern African population deriving their livelihoods from livestock
(Perry and Rich 2007). Despite its importance in Southern Africa, the epidemi-
ology of FMDV in the SADC region has not been deeply and consistently studied.
A study to investigate the complex epidemiology and molecular determinants of
FMD endemicity in Southern Africa is being undertaken through SACIDS with the
key research question ‘‘what contributes to FMD endemicity in Southern Africa
and what options exist for its risk management’’? This study is carried out by
employing the community of practice approach, in collaboration with other ini-
tiatives such as SADC-TADs, BBSRC-CIDLID and DANIDA funded FMD pro-
jects in East Africa. So far, four serotypes (A, O, SAT 1 and SAT 2) and respective
topotypes have been identified in different geographic areas in Tanzania using
antigen ELISA, NSP ELISA, RT-PCR and sequencing of FMDV capsid protein
genes (Kasanga et al. 2012: Manuscript in submission). The findings of this
research will unravel the geographical distribution, genetic diversity and antige-
nicity of circulating FMDV strains, epidemiological and molecular determinants
of FMD endemicity, and evolutionary characteristics of FMDV field strains. This
information is useful in designing and recommending the appropriate strategies to
implement for prevention and control of FMD in Africa with an ultimate increase
in animal production and hence food security and improved livelihood. Similar
approaches are to be employed in the future for studying other diseases that
threaten food security and livelihood in the region such as Peste des Petits
Ruminants (PPR) and African Swine Fever (ASF).

4.6 Developing Disease Surveillance Systems in the Human-
Livestock-Wildlife Interface and Cross-Border Areas

Using participatory approach, we designed a surveillance system for diseases in
animal and human populations in three ecosystems namely Ngorongoro, Kagera
river basin and Zambezi river basin. Joint efforts coordinated by Southern African
Centre for Infectious Disease Surveillance (SACIDS), East African Integrated
Disease Surveillance network (EAIDSNet) and National Centre for Infectious
Disease Surveillance (NatCIDS) in Tanzania and Zambia resulted in the devel-
opment of One Health disease surveillance strategy for the three ecosystems. The
Ngorongoro ecosystem represents an area of maximum human–wildlife–domestic
animal interactions. This ecosystem is predominantly inhabited by the Maasai
pastoral communities who keep cattle, goats and sheep and are in close proximity
with wild animals in the wildlife protected areas of Ngorongoro Conservation Area
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(NCA). The other two sites (Kagera and Zambezi River basins) represent cross-
border ecosystems, where OH surveillance could be potentially effective in
diagnosing and managing infectious diseases across borders. The Kagera river
basin ecosystem is located in the Great Lake Region of eastern Africa and is
shared between Uganda, Rwanda, Burundi and Tanzania. The Zambezi River
basin is located in southern Africa and is shared between Zambia, Angola,
Namibia, Botswana and Zimbabwe. The One Health disease surveillance strategy
should consist of two complementing systems namely: (a) Community-based
Active Surveillance (CAS) system designed to actively capture disease events in
animal and human populations using simple case definitions of clinical signs and
syndromes occurring in communities. This system uses community-based health
reporters (CHRs) who would actively screen for the occurrence of disease events
in human, wildlife and domestic animal populations. Data on these events are
recorded and transmitted through Android mobile phones using the Epicollect data
capture application in near to real time, and: (b) District-based Passive Surveil-
lance (DPS) system uses existing surveillance strategies in animal and human
(IDSR) health sectors with enhanced performance through application of mobile
technologies in transmission of near to real-time data in the two health sectors.

Collaborating with other institutions in the United Kingdom (Royal Veteri-
nary College and Imperial College London) as well as those in South-east Asia
(BIOPHICS, Ministry of Public Health Thailand, MBDS and InSTEDD, Cam-
bodia) assisted in the improvement of the OH surveillance strategy developed by
SACIDS. The two systems (CAS and DPS) are linked together at the data
analysis point. Data collected through CAS and DPS systems from remote sites
are stored centrally on a server located at the SACIDS headquarters (for the
Ngorongoro ecosystem) while those from the Zambezi river ecosystem are stored
on a central server located at the University of Zambia (UNZA). The data
storage points act as custodians and store data on behalf of the ministries
responsible for human and animal health in respective countries. Data are ana-
lysed and summarised as reports that are shared with the two ministries and
field-based disease management units at district headquarters.

4.7 Towards One Health Policy Research

The concept of One Health has recently received immense regional and interna-
tional attention and this has led to the formation of one health initiatives to
spearhead the agenda and promote inter-sectoral collaboration. Mainstreaming of
One Health approaches in human and animal health programmes is expected to
result in the development of integrative and effective risk management strategies
for enhanced attainment of optimal health for the people, animals, plants and the
environment. In addressing these goals, the SACIDS has as one of its seven
research themes a Community of Practice (CoP) project on socio–economic
approaches, including health policy research. The sub-themes of the CoP are (i)
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health policies, programmes/strategies and governance structures, and how they
influence human and animal health service delivery systems; (ii) the scope, nature
and factors influencing inter-sectoral collaboration, especially for infectious zoo-
notic disease surveillance and control; (iii) socio–economic impacts of infectious
diseases and their control; and (iv) influence of health care seeking behaviour,
health policies and service delivery systems on human and animal health. It is
envisaged that the thrust of this CoP will generate additional information needed to
facilitate the creation of a sound platform for enhanced inter-sectoral collaboration
in infectious disease detection, identification, monitoring and control.

5 Towards one Africa, One Health

As a Virtual Centre, the SACIDS set out, initially, to focus on just the SADC
region of Africa in the expectation that similar regional Virtual Centres will
emerge in East Africa (EACIDS), West Africa (WACIDS), etc., all under the
umbrella of the African Union. During the 2005 African infectious disease
meeting in Entebbe, specialists called for Pan-African Vision for Infectious
Disease Management (Brownlie et al. 2006) as:

‘‘A Pan-African concerted effort, shared by AU member governments,
reflecting the needs of African society and supported by the international com-
munity, with the goal of a society protected from the ravages of dangerous
infectious diseases that compromise either human health or livelihoods and
agriculture and economic development.’’

This was further elaborated by Rweyemamu et al. (2006) in assessment of future
risks of infectious diseases of humans, animals and plants in Africa. The concept was
further discussed at the 3rd Ordinary Session of the African Ministerial Conference
on Science Technology in Mombasa, Kenya, November 2007. Since 2008, the AU
has elaborated a policy framework which embraces this vision. While EACIDS and
WACIDS are still at an embryonic stage, there have been several One Health-based
developments in Africa either as funded projects, such as the Wellcome funded
Afrique One project or organisational or institutional re-alignment as the USAID
funded and stimulated organisation of the Deans of Veterinary and Public Health
Faculties in Central and East Africa to promote one health training (OHCEA), or the
new one health emphasis of the African Field Epidemiology Network (AFENET) or
the East African Integrated Disease Surveillance Network (EAIDSNet) of the East
African Community. Within the African Union structures, the AU Inter-African
Bureau for Animal Resources (AU-IBAR) is developing a key thrust based on one
health approaches, through lessons learnt from its avian influenza programme. It is
also encouraging to note that one of the new programmes of the International
Livestock Research Institute (ILRI), whose HQ is in Nairobi, Kenya relates to one
health approaches. Several donor funded projects operating in Africa also have a
One Health focus. Meanwhile, the mission of SACIDS has now expanded to make
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SACIDS relevant to the whole of sub-Saharan Africa, albeit with its primary focus
remaining southern and East Africa.

The goal of One Africa, One Health requires an African Forum that brings
together different players on a common platform. To this end, SACIDS convened
the first One Health Conference in Africa in July 2011 http://www.ojvr.org/
index.php/ojvr/issue/view/33. But neither SACIDS nor any of the above-mentioned
initiatives is, at the moment, adequately funded for such regular convening.
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The Development of One Health
Approaches in the Western Pacific

Ben Coghlan and David Hall

Abstract The Western Pacific Region, the most populous of six regional groupings
of World Health Organization (WHO) member states, has seen the emergence of a
series of novel zoonotic infections in the last decade. This has focused attention on
addressing underlying risks and vulnerabilities in the complex interactions among
people, animals, and environments as a better way to counter emerging diseases. This
‘‘One Health’’ approach is pertinent to the region because, it is a ‘‘hot spot’’ for the
emergence of novel diseases from wildlife, because unexpected epidemics of
re-emerging zoonotic diseases have caused morbidity and mortality in urban and
periurban communities, and because it remains a sanctuary for well-known zoonotic
infections. In this chapter, selected regional, multicountry, and national steps to
operationalize One Health are discussed. While the region is well positioned to exploit
the opportunities that have come with outbreaks of new diseases, the array of dis-
connected and overlapping initiatives from various consortia, donors, research
institutes, and UN agencies is to some extent impeding the development of better
ways of managing both new and old infections for the local, regional, and global good.
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1 Introduction

The Western Pacific Region is one of six regional groupings of World Health
Organization (WHO) member states. It is the most populous region with over one-
quarter of the global population living in 37 countries and territories (World
Health Organization, Western Pacific Region 2012). These countries are diverse:
from China with the world’s largest population to some of the world’s smallest
states like the Pacific Islands of Niue, Tokelau, Nauru, and Tuvalu (Population
Reference Bureau 2011); from one of the most densely populated countries,
Singapore, to the least densely populated country Mongolia (Population Reference
Bureau 2011); from highly developed states such as Australia, Japan, and the
Republic of Korea to countries ranked among the world’s least developed like
Papua New Guinea and the Solomon Islands (UNDP 2011) (Table 1).
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The emergence of a series of novel zoonotic infections from the region in the
last decade triggered an unprecedented mobilization of the international public
health community to address these threats. SARS in 2003, exposed weaknesses in
national capacities to quickly identify, contain, and control a novel infection; these
weaknesses equate to a persisting global threat. In 1997 and then again in 2004,
bird flu (Influenza A/H5N1), the largest epizoonosis ever recorded, sounded a
second call for global pandemic preparedness highlighting not only the short-
comings of human health services but the challenges of strengthening animal
health and production systems, of restructuring food supply chains, and of sus-
taining responses for years. The virus remains endemic in poultry in China and
Vietnam and has demanded far more than just emergency responses.

There is recognition that strategies to reduce the likelihood of disease emergence
and transmission by addressing underlying risks and vulnerabilities in the complex
interactions among people, animals, and environments, between human systems
and natural ecosystems, may be a better way to counter emerging diseases. This has
been referred to in various contexts as ecohealth (Charron 2012), particularly where
it includes consideration of the role of environmental factors, and as a One Health
approach in which health disciplines work together rather than in exclusion. This
‘‘One Health’’ approach is pertinent to the Western Pacific Region for three reasons.

First, the Mekong subregion within the Western Pacific Region has been des-
ignated a ‘‘hot spot’’ for the emergence of novel diseases from wildlife because
of an amalgam of related anthropogenic drivers of disease emergence: rapid
economic development, urbanization, advancing farming systems, demand for
livestock products and deforestation, as well as population increases and aging
(Jones et al. 2008). These factors cannot be addressed by the human or animal
health sectors alone, necessitating a collective engagement with a range of
sectors and communities.

Second, unexpected epidemics of re-emerging zoonotic diseases including
rabies, anthrax, and leptospirosis have caused morbidity and mortality in urban
and peri-urban communities in the Western Pacific Region. Some of these
epidemics are being addressed using One Health approaches, and indicate the
value in learning from and working with partners in the region when developing
public awareness and preparedness plans for emerging infectious diseases
(EIDs).

Third, the region remains a sanctuary for well-known zoonotic infections such
as brucellosis that have been eliminated in many parts of the world but may be
effectively addressed with an approach that is better tuned to tackle the com-
plexities of real-world problems (World Bank 2009).

It is fitting then, that serious global commitment to this nascent approach was
made in the region in Hanoi in 2010: the International Ministerial Conference on
Animal and Pandemic Influenza aimed to ‘‘set the scene for a worldwide effort, over
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the next 20 years’’ declaring the ‘‘…need for sustained, well-coordinated, multi-
sector, multi-disciplinary, community-based actions to address high impact disease
threats that arise at the animal-human-environment interface.’’(UNSIC 2010).

2 Relevant Global and International One Health Endeavors
in the Western Pacific Region

Numerous overlapping global and international initiatives from various consortia,
donors, research institutes, and United Nations (UN) agencies are being imple-
mented in the Western Pacific Region. While some initiatives have committed to
improve coordination through systemic measures such as the One World, One
Health initiative (FAO et al. 2008) and the FAO-OIE-WHO collaboration concept
note on health risks at the human–animal interface (WHO et al. 2008), there is no
overarching coordination of the multitude of activities being conducted in the
region under a broad interpretation of One Health—this was emphasized at the
recent Davos One Health summit with a major conclusion being the need to
‘‘intensify the collaboration and coordination between the leading and rele-
vant…institutions in the broader One Health area’’ (Ammann 2012). In general,
there are also no direct links with other global endeavors such as the Millennium
Development Goals (UN Web Services Section 2010) and the Millennium Eco-
system Assessment (Millennium Ecosystem Assessment 2005).

Some of the global/international initiatives and organizations implementing
these activities in the Western Pacific Region are listed below (Table 2). Only a
selected number will be discussed in this chapter. This is an incomplete listing, but
is illustrative of both the variety of work being addressed by various actors and
institutions and the numerous (separate) networks operating in an environment of a
broader One Health movement.

3 Selected Regional and Multicountry Steps Towards
Operationalizing One Health

Western Pacific ministries of Health and Agriculture have had experience of being
abruptly forced to work together in new ways to address new diseases. Not all
interactions have been successful, and efforts to date have not yet fully embraced a
One Health approach, as most stakeholders currently understand it; rather, most
initiatives are continuing efforts to combat key EIDs. There are, however, a
number of endeavors that illustrate the movement towards One Health. Most of
these initiatives are at the regional rather than the national or community levels.
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3.1 Regional Strategies

3.1.1 Asia Pacific Strategy for Emerging Diseases

The cornerstone of regional plans to confront EIDs is the Asia Pacific Strategy for
Emerging Diseases (APSED) (World Health Organization 2010; World Health
Organization, Western Pacific Region 2010). This is essentially a ‘‘health security’’
construct aiming to strengthen national systems to comply with the legal require-
ments of the International Health Regulations (2005) (World Health Organization
2005) and to improve national capacity to combat EIDs. The latest iteration of the
strategy (2010) drew heavily on the lessons learned from the 2009 pandemic of
influenza A/H1N1 and allows countries flexibility to decide how they can best
achieve the vision of the eight areas of focus: (1) surveillance, risk assessment, and
response; (2) laboratories; (3) zoonoses; (4) infection prevention and control;
(5) risk communications; (6) public health emergency preparedness; (7) regional
preparedness, alert, and response; and (8) monitoring and evaluation. The Emerging
Disease Surveillance and Response unit of the WHO is responsible for assisting
countries to implement APSED. APSED is not a One Health vision, however,
lacking the synergies between all sectors whose activities impact on health.

3.1.2 Asia Pacific Economic Cooperation

Asia Pacific Economic Cooperation (APEC) considers emerging diseases to be of
high importance because of their preventability and the substantial direct (e.g.,
treatment and hospitalizations) and indirect (e.g., lost time to work, trade sanc-
tions) costs that such diseases have caused to their 21 members states in recent
years. Since 1996, APEC has supported the APEC Emerging Infections Network
(APEC EINet 2012), a network that seeks to gather and disseminate notifications
of EIDs affecting APEC member states, foster collaborations among academic
institutes, government, and business where they relate to EIDs, and enhance
regional biopreparedness. This mechanism is useful for dialog between sectors
beyond just the animal and human health sectors, although the degree of com-
munication and idea sharing does not approach the transdisciplinarity advocated
by most One Health proponents.

Nonetheless, APEC did fund the Technology Foresight Project (2006–2007)
(The APEC Center for Technology Foresight National Science and Develop-
ment Technology Agency 2008; Damrongchai et al. 2010), a succinct effort in
transdisciplinarity that brought together a range of experts from policy makers and
technology developers to virologists and economists to map the convergence of
new technologies and the opportunities for their accelerated development in order
to limit the human and financial impact of novel diseases. While narrowly focused
on the technological aspects of disease prevention and control, and a project rather
than an ongoing, inbuilt process, this work encompassed the development of new
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vaccines, treatments, diagnostics, models and simulations, and tracking strategies
for people and animals.

APEC have since drafted a One Health Action Plan (Asia–Pacific Economic
Cooperation 2011) setting out a common ‘‘vision’’ for member states to opera-
tionalize One Health approaches according to their capacities and level of
engagement with the concept. The plan aims to strengthen cross-sectoral efforts at
the political and leadership level, in teaching and training, in (government)
functions to prevent, investigate, respond and control diseases, and across borders.
The community is identified as a critical partner in disease prevention and control,
and action to ensure the sustainability of cross-sectoral approaches is called for.

3.1.3 ASEAN

The Association of Southeast Asian Nations (ASEAN) has defined a roadmap to
prevent, control, and eradicate highly pathogenic avian influenza (HPAI) and other
highly pathogenic emerging diseases among member states by 2020 using a risk-
based approach to address the major transmission pathways in each country
(ASEAN Secretariat 2010a). The roadmap describes itself as a ‘‘translation’’ of the
One Health approach to systematically eradicate HPAI, while simultaneously
addressing other transboundary and zoonotic diseases. While the focus is on
animal health and production, the advantages of engaging with multiple disci-
plines, multiple sectors, and multiple agencies are noted.

This is an encouraging output from ASEAN, but is one of the few documented
instances of ASEAN activities related to One Health, either in progress or com-
pleted. Furthermore, the emphasis on HPAI rather than a broader One Health
approach potentially misses an opportunity to embrace a wider notion of health
including the role of wildlife, the integration of resources from various health and
nonhealth authorities, as well as concrete plans for regular communication across
health and related disciplines. ASEAN is in a unique position to be the premier
institution in Asia coordinating, influencing, and even governing to some degree
an integrated One Health approach for part of the Western Pacific Region. The
HPAI roadmap is a step in the right direction but much remains to be done if
ASEAN is to be a One Health leader. ASEAN’s biggest challenge may be the
reluctance of member nations to advise on what others should be doing. This is,
however, a requirement for an integrated One Health network to be effective
among the member states.

The ASEAN Plus Three EIDs Programme has improved joint country investi-
gations of disease outbreaks and developed a regional risk communication strategy
(ASEAN Secretariat 2010b). A new program funded by the Japanese Government
is directed at improving laboratory capacity and networking (ASEAN Secretariat
2009), continuing a long and successful history of Japanese funding to develop
diagnostic and research laboratory capabilities in the region.
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3.1.4 The Food and Agriculture Organization of the United Nations

The Food and Agriculture Organization (FAO) Regional Strategy for Highly
Pathogenic Avian Influenza and other EIDs of Animals in Asia and the Pacific,
2010–2015 (Emergency Centre For Transboundary Animal Diseases 2010) out-
lines a common approach for dealing with endemic HPAI and for addressing
emerging and re-emerging diseases. The strategy also aims to join up the frag-
mented support provided by various partners and donor agencies within the region.
This is the latest in a series of initiatives led by FAO and its partners to combat
HPAI since the first outbreaks in Southeast Asia, initiatives that were themselves
preceded by other efforts founded in One Health concepts including the FAO
Emergency Prevention System (EMPRES) and the Global Framework for the
Progressive Control of Transboundary Animal Diseases (GF-TADs).

3.1.5 Donor Strategies

Most of the major Pacific Basin donors have made significant contributions to
initiatives to address emerging diseases. The Public Health Agency of Canada
leads the Canada–Asia Regional Emerging Infectious Disease (CAREID) Project
aiming to strengthen the capacity of Cambodia, Laos PDR, the Philippines, and
Vietnam to detect and respond to emerging diseases (Public Health Agency of
Canada 2012). Similarly, the Australian Government’s international development
assistance agency has articulated a regional strategy for strengthening health
systems to respond more generally to EIDs: the Pandemics and EIDs Framework
2010–2015 (AusAID 2010). The Asian Development Bank has implemented a
series of communicable diseases control projects along borders in the Greater
Mekong region to improve community surveillance of endemic and epidemic
diseases including EIDs (Asian Development Bank 2012). And the USAID
Emerging Pandemic Threats Program (U.S. Agency for International Develop-
ment 2010) operates globally with specific activities related to four project areas in
Southeast Asia: wildlife pathogen detection, risk determination and reduction,
outbreak response capacity, and institutionalization of a One Health approach.
This last element is elaborated on in the next section (Academic Initiatives).

The European Union (EU) has also been active in supporting One Health
initiatives through a range of endeavors. The flagship is the EU Regional Highly
Pathogenic Emerging Diseases (HPED) in Asia Programme (2009–2013) (Euro-
pean Commission 2012) which spans two WHO regions, the Western Pacific and
the South–East Asia Regional Offices. It aims to help ASEAN and the South Asian
Association for Regional Cooperation (SAARC) to control, respond, and prepare
for these diseases, and aligns with specific initiatives of OIE, FAO, and WHO via
separate projects channeled through these three UN specialized agencies.

The European External Action Service recently published a comprehensive
examination and summary of One Health case studies, many of which are active in
the region, and a complementary database of One Health initiatives, studies, and
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actors (Hall and Coghlan 2011). This publication is well positioned to act as a
guide in identifying individuals who can serve as One Health focal points in the
region and to provide a starting point for operationalizing regional activities and
networking in One Health.

It is important to note that the EU has commented in a number of fora that an
approach to One Health needs to be positioned with consideration of societal
needs. This ‘‘whole of society’’ approach to health hazards will require a wide-
scale change in the attitudes and perspectives health professionals hold with regard
to risk management.

3.2 Academic Initiatives

3.2.1 Southeast Asia One Health University Network

There are a number of existing networks of Southeast Asian Universities that
encompass aspects of One Health such as the ASEAN University Network, the
Asia Partnership on Emerging Infectious Disease Research, the Asia Pacific
Academic Consortium for Public Health, the Asian Ecohealth Network, and the
Southeast Asia Veterinary Schools Association. Through the RESPOND compo-
nent of the Emerging Pandemic Threats Program (U.S. Agency for International
Development 2010), USAID is supporting a new One Health academic collabo-
ration, Southeast Asia One Health University Network (SEAOHUN) (Fenwick
2011), that brings together multiple faculties including schools of medicine,
veterinary science, public health, and allied sciences from universities throughout
the region. Cambodia, Laos, Indonesia, Malaysia, Thailand, and Vietnam have
universities that belong to the network with China, Myanmar, and the Philippines
to join in 2013. The network aims to develop transdisciplinary capacity to
investigate and control outbreaks of emerging diseases and to build the evidence
base for One Health approaches through research. This effort will define One
Health competencies and develop a common regional approach to incorporating
them into accredited education and professional in-service training.

3.3 Surveillance and Laboratory Initiatives

3.3.1 The Mekong Basin Disease Surveillance Initiative

The Mekong Basin Disease Surveillance Initiative (MBDS) (Mekong Basin Disease
Surveillance 2007a) is a network established in 1999 to advance cooperative action
among the six countries of the Mekong subregion to improve infectious disease
surveillance and outbreak response. This aims to ‘‘reduce morbidity and mortality
from communicable diseases, particularly amongst marginalized people living in the
Mekong region’’ (Mekong Basin Disease Surveillance 2007b). From sharing of
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surveillance data from four border sites in 2003, the scope of the network has
expanded through a second memorandum of understanding (MOU) in 2007 to the
consideration of community-based surveillance, epidemiology capacity, informa-
tion and communications technologies, risk communications, laboratory capacity,
policy research, and extended cross-border cooperation. These seven new strategies
will contribute to the development of national capacities identified in the Interna-
tional Health Regulations (2005) (World Health Organization 2005) to detect,
investigate, report, and respond to public health threats. While not originally
envisaged as a One Health activity and lacking some of the attributes of a One Health
network, MBDS nevertheless provides a successful framework on which One Health
approaches can be added or modeled.

3.4 Projects and Programs

3.4.1 Southeast Asia Foot and Mouth Disease Campaign

The Office International des Epizooties (OIE) coordinates the Southeast Asia Foot
and Mouth Disease (SEAFMD) (OiE 2002) across eight ASEAN countries, a pro-
gram recognized internationally as a model for regional coordination of animal
disease control. Although foot-and-mouth disease (FMD) is not normally considered
as a zoonotic disease (it rarely causes mild skin lesions in humans), the model stands
as an example of an integrated effort among government agencies, international
organizations, village communities, and donors all committed to controlling one
disease. Individual national plans are harmonized with a regional strategy that has
received high-level political commitment and that has adopted a progressive, long-
term approach for the eradication of FMD. Close cooperation and the introduction of
new techniques including zoning to roll back FMD in various parts of Southeast Asia
including Malaysia and Thailand have contributed to the success of the program.

3.4.2 International Livestock Research Institute

Together with a large number of partners, International Livestock Research Institute
(ILRI) is involved in a number of initiatives that could be deemed pertinent to One
Health. Ecohealth approaches to the better management of zoonotic emerging
infectious diseases in the Southeast Asia Region (EcoZEID) (Gilbert 2011) adopts a
learning by doing approach in six countries aiming to demonstrate how capacity for
research and disease control can be developed to address specific risks and impacts of
EIDs. ILRI also manages the Field Building Leadership Initiative (FBLI):
Advancing ecohealth in Southeast Asia (China, Indonesia, Thailand, and Vietnam)
(Tung DX 2011). This program combines research, capacity building through edu-
cation and in-service training, and knowledge translation through connections to
policy makers to design sustainable agricultural practices that result in improve-
ments to human health, livelihoods, and environments.
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3.4.3 Community-Based Avian Influenza Risk Reduction Program

CARE Australia implemented locally tailored community-level pilot projects to
enhance disease surveillance and reduce risk behaviors related to avian influenza
in Cambodia, Laos, Vietnam, and Cambodia during 2007–2009 (AusAID 2008).
Although this program has concluded, the ensemble of projects elucidated some of
the earliest lessons for operationalizing One Health in the Western Pacific Region:
the importance of political, organizational, and community commitment to move
lessons from pilots into systematic practice; sustained application of resources to
stimulate lasting culture change; and the value of mixing multiple disciplines and
agencies to overcome the Gordian knot of competing priorities in order to develop
acceptable, effective solutions.

3.5 Research Initiatives

3.5.1 Asian Partnership on Emerging Infectious Disease Research
and the Building Ecohealth Capacity in Asia Project

Supported by Canada’s International Development Research Centre (IDRC),
Asian Partnership on Emerging Infectious Disease Research (APEIR 2012)
expanded an earlier network focused on research to fight avian influenza [The
Asian Partnership for Avian Influenza Research (APAIR)]. The Chinese Academy
of Sciences, the Thai Ministry of Public Health and the National Research Council,
the Ministry of Science and Technology of Vietnam, and the Cambodian Ministry
of Research and Technology and the Ministry of Health comprise the partnership
to generate multidisciplinary research based on a broader ecohealth rather than
One Health concept.

In the region, IDRC is also co-funding with the Australian Agency for Interna-
tional Development (AusAID) a related project on a smaller scale: the Building
Ecohealth Capacity in Asia (BECA) project (Hall et al. 2012) which aims to increase
involvement of researchers in Ecohealth and One Health initiatives. Although this is
a relatively small project, it has been contributing to building a network of
researchers working with several of the initiatives outlined in this chapter.

3.5.2 Ecohealth Emerging Infectious Diseases Research Initiative

Along similar lines, the Canadian and Australian Governments jointly fund the
Ecohealth Emerging Infectious Diseases Research Initiative (Eco EID) (IDRC
CRDI 2012), a multicountry project supporting research on how diseases emerge
and spread in Southeast Asia and China, as well as developing research capacity
and improving the translation of research into policy.
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3.5.3 National Center of Competence in Research North–South

A rare nondisease focused approach branded with the One Health label, National
Center of Competence in Research (NCCR) (National Center of Competence in
Research North–South 2012) has mapped changing land use patterns and the
transformation of agriculture in Lao PDR and Vietnam and are linking this with
public health and economic impacts for small-scale farmers. NCCR is also doc-
umenting the health issues faced by internal migrants in Vietnam whose move-
ments and changing employment have been triggered by rapid economic
development. These activities demonstrate the potential breadth of the One Health
approach in moving beyond traditional ideas of the boundaries of health.

3.5.4 Zoonotic Emergence Network, China and Malaysia

The majority of emerging disease ‘‘events’’ since 1940 have been zoonoses and the
majority of these jumped from wildlife (Jones et al. 2008). Such viral spillovers
have focused attention on interactions with wildlife and their environments; wild
animals are also increasingly being farmed in Southeast Asia. A group of partners
selected Malaysia because of Nipah virus and China because of SARS coronavirus
to examine the risk of viral emergence among people regularly exposed to diverse
animal species (hunters, indigenous people, and market workers) (EcoHealth
Alliance 2012). Project partners include Ecohealth Alliance, the Global Viral
Forecasting Initiative, the Malaysian Ministry of Health and Departments of
Wildlife and National Parks and Veterinary Services, the Guangdong Entomo-
logical Institute and Centers for Disease Control, and the Chinese Institute of
Zoology. This network brings together a range of animal and human health actors
to specifically study aspects of the crucial intersection among animals, humans,
and the environment that the One Health approach intends to address.

4 Selected National Level One Health Activities

Rather than overtly applying One Health approaches, national level planning has,
with few exceptions, evolved along targeted planning for specific diseases coupled
with some generic pandemic preparedness.

4.1 Cambodia

In Cambodia, the National Committee for Disaster Management (NCDM) has
ultimate responsibility for dealing with emergencies of any nature and has played a
key role in coordinating responses to HPAI. Specific plans for how ministries
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cooperate during emergencies have been outlined and align separate departmental
plans (Sovann 2006). The bureaucratic arrangement of responses to zoonoses
under an emergency structure is different from many countries in the region. In
principle, however, a One Health approach includes the components of disaster
risk reduction as expressed in the Hyogo Framework for Action, 2005–2015
(United Nations International Strategy for Disaster Reduction 2007).

4.2 China

The Global Environmental Institute is a Beijing-based nongovernmental organi-
zation that seeks to develop sustainable market-based models to untangle domestic
environmental issues through engagement with local communities, government
agencies, research groups, civil society, and the private sector (The Global
Environmental Institute 2012). Unlike most initiatives in the Western Pacific
Region, this organization is not being driven by concerns about specific infectious
diseases and embraces a somewhat broader concept of One Health that intimately
links with private enterprise. From a similar perspective, Kunming Medical Uni-
versity and the World Agroforestry Centre, Kunming has been developing projects
and programs to address national ecohealth issues. Both institutions have played
key roles in leading One Health and ecohealth research in China, particularly
research in mountainous regions.

4.3 Lao PDR

The National EID Coordination Office of the Government of Laos has recently
been established a Zoonosis Coordination Mechanism that enables collaborative
action by the Ministry of Health, Agriculture, and Forestry to control zoonotic
diseases (Lao Voices 2011).

4.4 Malaysia

Outbreaks of a new disease, Nipah virus, led to the formation of an Interministerial
Committee for the control of zoonotic diseases directly linking human and vet-
erinary health actors. Nipah virus provided a key case study of how disease
incursions from wildlife can be amplified by human activities and rapidly spread in
the absence of sensitive surveillance systems and rapid responses. Further research
continues under the Zoonotic Emergence Network (ZEN), China and Malaysia
(as discussed above). The Interministerial Committee has drafted an Infectious
Disease Outbreak Rapid Response Manual (Ministry of Health Malaysia 2003).
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4.5 Pacific Island Countries and Territories

The imperative to link-up animal and human health actors in Asia has been less
pressing in the Pacific where the livestock sector is smaller and where HPAI has had
only a limited impact. Low population density, the nature of market value chains in
which livestock may be less likely to return to vendors, and fewer migratory bird
flyways associated with HPAI may be other reasons for the slower development of
One Health activities in the Pacific. Nevertheless, Pacific Island Countries and
Territories have been a general source of concern for the region in that any weak link
increases the regional vulnerability to emerging and re-emerging infectious diseases.
Under the umbrella of international and regional programs such as GF-TADs
(OIE Regional Representation for Asia and the Pacific 2012) on the animal health
side and International Health Regulations (IHR) and APSED on the human health
side, sectoral capacities have been gradually improving. Efforts to develop a regional
One Health strategy, however, have not yet been realized. One Health approaches
have obvious application in addressing endemic diseases of animals in some of the
larger Pacific states, as well as efforts to conserve biodiversity.

4.6 Philippines

The Filipino Government has established an Inter-Agency Committee on Zoonoses
composed of representatives from the Department of Health, Department of
Agriculture, and Department of Environment and Natural Resources (Aquino III
BS 2011).

4.7 Vietnam

Vietnam has been one of the countries worst affected by HPAI (A/H5N1) in terms
of the impact on the formal and informal agricultural sectors and on human life.
The government quickly developed a joint program run by the Ministry of Health
and Ministry of Agriculture and Rural Development to address H5N1. This joint
action culminated in a new strategy, The Vietnam Integrated National Operational
Program on Avian Influenza, Pandemic Preparedness And Emerging Infectious
Diseases (AIPED), 2011–2015: Strengthening responses and improving preven-
tion through a One Health approach (Vietnam Ministry of Agriculture and Rural
Development and Ministry of Health 2011). While still focusing on the elimination
of H5N1, the strategy has adopted a risk-based approach to attending to the drivers
of disease emergence to prevent a range of known and unknown communicable
diseases. It involves government, nongovernment, community, and private actors.
It remains to be seen how well this can be implemented. Nonetheless, this is one of
the first incorporations of One Health principles in a national plan.
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With the support of USAID, Vietnam has also been active in developing an
academic network to support training and research in One Health. The Vietnam
One Health University Network (VOHUNET) is part of the SEAOHUN.

5 Conclusion

The application of One Health in the Western Pacific Region is in an early phase
with few concrete examples of successful operationalization; even from these few
examples there appear to be many areas of duplication and lack of coordination.
Nonetheless, serious attempts at articulating attributes of One Health considered
important for the region have been made in strategies and documents at the
regional level with serious commitment to implement One Health approaches.
This illustrates the sharp shift in thinking about the components of disease control
and preparedness that have come with the surfacing of new diseases; the need for
broader input from numerous sectors and the involvement of communities are seen
as essential to balance competing ideas and to generate creative, innovative
responses. Relearning the age-old lesson that human action (and inaction) plays a
fundamental role in disease emergence has renewed focus on the possibilities of
prevention including prevention that reaches to tackle determinants far upstream.
This, however, demands even greater levels of interaction and communication to
manage complex human and natural ecosystems.

The Western Pacific Region is well positioned to exploit the opportunities that
have emerged with recent, dramatic outbreaks of new diseases and to accelerate
the development of better ways of managing both new and old infections for the
local, regional, and global good. These opportunities are also opportunities for
donors involved in health and agriculture and those committed more generally to
socioeconomic development to join up siloed initiatives. And the vacuum of
governance is yet another opportunity to establish a means of leadership, men-
torship, and coordination in the region to reduce inefficiencies, link disconnected
networks, improve understanding and knowledge transfer, and speed capacity
development and preparedness planning.
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One Health Approach in the South East
Asia Region: Opportunities
and Challenges
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Abstract The outbreaks of SARS, avian influenza, and Nipah virus in Asian
countries clearly demonstrated that new highly infectious agents periodically emerge
at the human–animal interface. The experiences of regional countries with preven-
tion and control of avian influenza, SARS have reinforced the need for sustained,
well-coordinated, multi-sector, multi-disciplinary, community-based actions to
address emerging disease threats. ‘One Health’ is a cost-effective, sustainable, and
practical approach to find solutions for problems which need holistic, multidisci-
plinary approaches, particularly in resource-constrained countries. While there is a
growing recognition of One Health, it has to be translated from concept into actions
through country level activities that are relevant for specific situations.
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1 Introduction

One Health is an international movement to promote a holistic multidisciplinary
approach at the animal–human–ecosystem interfaces. One health is not a new idea
or principle but it is simply recognition of the need to promote a culture of working
together in a sustainable way, particularly in resource-constrained countries, to
address health risks at the human–animal interface.

The outbreaks of SARS, avian influenza, and Nipah virus in Asian countries
clearly demonstrated that new highly infectious and/or highly pathogenic agents
periodically emerge at the human–animal interface, and will continue to emerge in
the future. The unprecedented outbreaks of these diseases had serious impacts on
travel, trade, and tourism, and it was realized that prevention and control of
emerging infectious and high impact diseases required a holistic, multidisciplinary
approach. The experiences of regional countries with avian influenza and pan-
demic (H1N1) 2009 have reinforced the need for sustained, well-coordinated,
multi-sector, multi-disciplinary, community-based actions to address emerging
disease threats that arise at the human–animal interface.

2 Background

The International Ministerial Conference on Avian and Pandemic Influenza (IMCAPI)
held in New Delhi in December 2007 recognized that highly pathogenic avian
influenza (HPAI) was deeply entrenched in several countries and the current state of
veterinary services and preparedness levels in most countries of Asia and Africa posed
a serious threat to the prevention and control of HPAI and other infectious diseases.
Thus, the New Delhi conference appealed to the global community to begin to address
broader issues around the emergence and spread of HPAI and other emerging
infectious diseases through international partnerships (Press Information Bureau of the
Government of India 2007). Each Government should encourage functional links
between human and animal health systems, while investing in sustainable capacity for
preventing and controlling high impact diseases in animals.

The New Delhi Road Map offered a valuable benchmark for the preparedness
efforts of national authorities and proposed a convergence between animal and
human health systems. The conference also requested international partners to
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develop a strategic framework for implementation of One Health and present it at the
sixth IMCAPI held in Sharm Al Sheikh in October 2008. The Strategic Framework
was the joint product of six major international organizations: the Food and
Agriculture Organization (FAO), the World Health Organization (WHO), the World
Organisation for Animal Health (OIE), the United Nations Children’s Fund
(UNICEF), the World Bank, and the United Nations System Influenza Coordination
(UNSIC). The strategic framework for reducing risks of infectious diseases at the
animal–human–ecosystem interfaces was presented at the ministerial conference.
The document sets out six priority objectives for countries to consider, such as
developing capacity in surveillance, promoting interagency and cross-sectoral
partnerships, and ensuring functioning national emergency response capacity
(Contributing to One World 2008). The application of a One Health approach aims
not only to minimize the local and global impact of epidemics and pandemics caused
by emerging infectious diseases, but also to look at more holistic approaches for
solving health-related problems in line with International Health Regulations (2005).

The seventh International Ministerial Conference on Animal and Pandemic Influenza
held in Hanoi in April 2010 reiterated the need to move forward the one health approach
at country level (http://www.imcapi-hanoi-2010.org/home/en/). The scope, priority, and
approaches may be different in public health and animal health institutions and therefore
it will be necessary to promote integrated and/or coordinated approaches for the
implementation of ‘One Health’. It was recognized that animal health sector is weak in
terms of surveillance and response for emerging and high impact diseases and therefore
more investment will be required for strengthening animal health services in developing
countries. Indeed, the veterinary public health service is rudimentary in most developing
countries and it is estimated that USD 1.3 billion will be required annually to implement a
One Health approach until 2020 (http://siteresources.worldbank.org/EXTAVIANFLU/
Resources/3124440-1172616490974/Fifth_Global_Progress_Report_July_2010.pdf).
The technical discussions held for operationalizing One Health, from ideas to action in
Winnipeg (2009) and Stone Mountain (2010), have encouraged academics, donors, and
partners to synthesize concrete action points for pushing ‘One Health’ movement to a
higher level. A high level technical meeting, jointly organized by FAO, OIE, and WHO,
was held in Cancun in November 2011 to address health risks at human–animal–eco-
system interfaces, and identified key elements, high priority technical actions, and
related practical next steps for moving forward on intersectoral collaboration, coordi-
nation, and communication (World Bank 2010).

3 Ground Reality

One Health activity is a spontaneous movement—there is no consensus on definition
of One Health, and even at the One Health Conference held at Melbourne in 2011, no
clear definition was apparent. While the general concepts are now well accepted, how to
implement the One Health concept is still not clearly understood (http://www.who.int/
influenza/human_animal_interface/HLTM_human_animal_ecosystems_nov_ 2011).
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Each stakeholder understands it in a different way, and there is a lack of coordination
and collaboration among them. A number of international donors and partners are
involved in promoting the One Health concept through pilot projects in Asian countries
and it has definitely contributed to advocating a One Health approach among intel-
lectuals and professional groups but it has not yet generated a political commitment or
the involvement of the government sector.

Currently, the One Health movement has, to some extent, been driven by an
attractive hypothesis of ‘microbe hunting’ in wildlife. It does not necessarily mean that
it is a priority of the host country to implement the project of this nature, or that it will
have a significant role in changing public health or animal health policy. However,
discovering novel agents in wildlife does not imply that they will be associated with
human or livestock diseases; only when sudden disease outbreaks or epidemics arise
and they are shown to be the cause do we acknowledge their role, such as in filoviruses,
SARS, Nipah, and pandemic influenza virus. Thus, it is often difficult to prove the
significance of newly discovered and previously unrecognized pathogens.

The European Union, World Bank, USAID, Rockefeller Foundation, CDC
Atlanta, Public Health Agency of Canada, and other partners are actively engaged
in creating regional forums but there is a real need for coordination between all
international partners. The major criticism is that they are all working in isolation
without any coordination and interaction. Often they are competing with each
other. As a result, many workshops, seminars, and meetings are organized in the
name of One Health, but they are largely limited to talk fests. A few One Health
networks that are operating in Asia are as follows:

• A One Health University Network in Southeast Asia supported by Epidemic
Pandemic Threat Programme under USAID.

• One Health Alliance of South Asia (OHASA) supported by the EcoHealth Alliance.
• A network of One Health Hubs in the South Asian Region. The World Bank

supported Massey University project to fight zoonotic diseases through the
development of joint disease investigations and ‘‘One Health Hubs’’ to link with
other specialists across South Asia. So far, 67 health professionals from India,
Pakistan, Sri Lanka, Bangladesh, Afghanistan, and Nepal have been trained in
epidemiology concepts as part of the university’s Master degrees.

Interestingly, these networks have a common agenda but there has been no
coordination or collaboration between them.

FAO, OIE, and WHO indicated their intention to work more closely together and
with their respective sectors to address health risks at the human–animal–ecosystem
interfaces through Tripartite Concept Note released in April 2010 (http://www.oie.
int/fileadmin/Home/eng/Current_Scientific_Issues/docs/pdf/FINAL_CONCEPT_
NOTE_Hanoi.pdf). These organizations have established a tripartite coordination
mechanism at the regional level in Asia in 2011 and they are working together to
develop a functional coordination mechanism between human and animal health
sectors at country level through various joint activities.
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4 Issues to Be Considered

4.1 Priority

Each sector has its own mandate, responsibility, priority, and constraints. The animal
health sector has a prime responsibility to control economically important trans-
boundary animal diseases which affect food animals and livestock production. Avian
influenza, brucellosis, anthrax, salmonellosis may be areas of interest for animal health
since they have a major impact on quality (Food safety) and quantity (Food security) of
livestock products and public health. Similarly, rabies, plague, and leptospirosis are
major zoonotic diseases of public health concern which are transmitted by dogs and
rodents but they have little impact on livestock production or animal health. It is
therefore important to define the priority diseases which generate common interests for
collaborative work. Zoonoses, food safety, and antimicrobial resistance are priority
areas for mutual cooperation between two sectors depending on technical capacity,
level of economic development, and export potential of livestock products.

4.2 Institutional Capacity

There are gaps in both animal health and public health systems in most Asian countries
which require assistance to bridge through international partnerships and concrete
action plans. The comparative advantages of each sector should be taken into con-
sideration such as good laboratory capacity in the veterinary sector and good epide-
miological capacity in the public health sector, depending on country, and each sector
can complement the other. All countries are trying to establish coordination mecha-
nisms between the human and animal health sectors, and there are success stories
within the region which should be highlighted. It may be politic to demand equitable
access to funds for both human health and animal health sectors, since human health
will get top priority for funding in any country irrespective of economic and devel-
opment status, whereas the most practical and feasible idea would be to create a pooled
fund to support the prevention and control of zoonoses by allocating the necessary
resources for institutional development and technical capacity building.

4.3 Ownership

It is easy to say that we have to work together, but it is difficult to work together if there
is no common understanding or mutual interest. Often it is apparent that One health is
‘owned’ by a particular professional group, and other professional groups may feel
uncomfortable working with them. Therefore, there must be advocacy for political
commitment at the highest level to support ownership across the professions. The One
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health initiative must come from community and must take into account local needs
and the prevailing situation.

4.4 Sustainable Development

Although a One Health approach is focused on prevention and control of highly
pathogenic, emerging, re-emerging, and high impact diseases of humans and ani-
mals, this approach may have a far-reaching vision for sustainable and ecologically
friendly development activities. One classical example may be ensuring food
security and food safety through the development of sustainable agriculture. Anti-
microbial and agro-chemical substances are indiscriminately used to boost agri-
cultural and livestock production to feed an ever-increasing human population and
fast growing livestock and poultry farming, but they are responsible not only for
depleting natural resources but also for microbial and chemical hazards to human,
animal, plant life, and to the environment. Global warming and environmental
degradation have been created by expansion of agricultural land, intensification of
agricultural production system, deforestation, and industrialization. It has been
realized that a holistic multidisciplinary approach is needed to mitigate the negative
impacts of man-made disasters. Community involvement is a prerequisite for sus-
tainability of the ‘One Health’ movement in resource poor countries.

The One health movement is gathering momentum in some countries which
may serve as a good practice and modality for others. Some examples from
countries have been presented as follows.

4.5 Bangladesh

There is a coordination mechanism for zoonoses control between human health and
animal health sectors which was historically established for avian influenza prevention
and control. Recent outbreaks of anthrax and Nipah virus have demanded better in-
tersectoral collaboration and WHO and FAO have been supporting pilot projects and
workshops to share information and identify collaborative activities. Both human
health and animal health sectors including academic institutions are working together
to promote ‘One Health’ approach for zoonoses prevention and control.

The three Ministries namely Ministry of Health and Family Welfare, Ministry
of Fisheries and Livestock, and Ministry of Environment and Forest, with the
support of UNICEF, FAO, and WHO have developed a Strategic Framework for
operationalization of One Health approaches for prevention and control of
emerging, re-emerging, and high impact diseases in Bangladesh. It is important
that donors and partners respect the aspirations of local champions of One Health,
and support various activities specified in the Strategic Framework. The successful
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implementation of the Bangladeshi model will inspire other countries to opera-
tionalize similar modality suitable to local needs.

4.6 Bhutan

There is a well-established coordination mechanism for prevention and control of
zoonoses at national level and joint activities have been launched for avian
influenza and rabies. The human health and animal health sectors have developed a
project proposal for a One Health approach through joint activities, networking,
and multidisciplinary research. There are some dedicated local champions for the
One Health cause in a small country like Bhutan, which is encouraging. Interna-
tional partnerships will help to develop a unique indigenous model for opera-
tionalizing a One Health approach at the human–animal–ecosystem interfaces in
Bhutan.

4.7 India

Presently, there is a Joint Monitoring Group at national level to coordinate avian
influenza prevention and control activities. The Ministry of Health and Family
Welfare is taking an initiative to establish a coordination mechanism for zoonoses
prevention and control at state and district levels and for promoting collaboration
among human health, animal health, and municipal bodies through joint training
programmes. It has been agreed to expand the coordination mechanism for zoo-
noses prevention and control at state and district levels in the 12th Five Year Plan
(2012–2016) using FAO/OIE/WHO Guidelines for establishing coordination
between human and animal health sectors.

Five priority zoonotic diseases have been identified for collaboration between
human health and animal health sectors, i.e., anthrax, brucellosis, leptospirosis,
plague, and rabies. An inventory of laboratories capable for diagnosis of zoonotic
diseases in India has been developed so that a particular medical or veterinary
laboratory may serve as a center of excellence for a specific zoonotic disease. The
National Center for Disease Control and WHO have developed a curriculum for joint
training of medical and veterinary professionals on zoonoses prevention and control
including intersectoral collaboration. The Indian Council of Medical Research and
Indian Council of Agricultural Research have been working together to promote
multidisciplinary research for zoonoses and food safety through the funding of joint
research activities. They have decided to designate a nodal institution in human
health and animal health sectors to promote joint research activities and to create a
network of institutions. The Public Health Foundation in India has been involved in
promoting the One Health concept in operational research and training.
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4.8 Indonesia

There was an inter-ministerial coordination committee for avian influenza (KOM-
NAS) in Indonesia which is being reorganized as the National Zoonoses Commission
to consider the growing threats from emerging infectious diseases and zoonoses.
More ground work needs to be done to make the commission functional. There is a
mechanism for information sharing during avian influenza surveillance and outbreak
investigation at the district level. Intersectoral meetings are organized at the pro-
vincial level to discuss avian influenza, rabies, and other diseases of common
interest. EU, USAID, and AUSAID are supporting avian influenza control in live bird
markets, and rabies control activities, through FAO and WHO who are the catalysts
for strengthening intersectoral coordination and collaboration.

WHO sponsored a regional rabies coordination meeting in Maumere in 2011 to
discuss and finalize the roadmap for ‘‘East Nusa Tenggara Province Free from
Rabies 2017’’. The meeting was attended by representatives from public health,
animal health, security, local government as well as representatives of FAO,
WHO, and UN. A multisectoral workplan was agreed at the end of meeting and an
agreement was signed for its implementation.

4.9 Myanmar

A national coordination mechanism between the human health and animal health
sectors was established for avian influenza and pandemic influenza preparedness and
it was functional during avian influenza outbreaks in the past. WHO and FAO have
supported Ministry of Health, Livestock Breeding, and Veterinary Department,
respectively, for joint activities such as outbreak investigation, field epidemiology
training, and information sharing. Since 2008, field epidemiology training has been
jointly organized by Ministry of Health and Livestock Breeding and Veterinary
Department for public health and veterinary professionals working at State, Division,
and Township levels. Joint animal–human health sector technical meetings were
organized to strengthen intersectoral collaboration. A National Zoonoses Workshop
was held in March 2011 and identified five priority diseases, i.e.,avian influenza
(H5N1), anthrax, rabies, leptospirosis, and plague. The workshop recommended that
a technical working group be formed to move the One Health agenda forward, and a
stakeholder meeting should be organized to develop a roadmap for operationalizing a
‘One Health’ approach, considering the country needs.

4.10 Sri Lanka

As in other Asian countries, the threat from highly pathogenic avian influenza was
major reason behind collaboration between the human health and animal health
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sectors for avian and pandemic influenza preparedness in Sri Lanka in 2006,
although Sri Lanka has been able to maintain freedom from avian influenza. The
government is planning to use intersectoral coordination mechanisms for elimi-
nation of rabies and the control of leptospirosis in line with One Health approa-
ches. The World Bank is providing grant assistance to Government of Sri Lanka to
support One Health activity for next 5 years.

4.11 Thailand

It is fortunate that there are a number of international agencies and partners sta-
tioned in Bangkok who are supporting One Health initiatives at national, regional,
and international levels. There are local champions of One Health in academic
institutions, and in both the government and non-government sectors. One Health
Training-of-Trainers workshops have been organized by the Ministry of Public
Health in collaboration with national and international partners to strengthen One
Health Epidemiological Teams at the provincial and district levels. There are
several initiatives at different level to run multidisciplinary training programme
including One Health Master’s programme at university level. There is a high level
of One Health awareness at policy and professional levels, and Thailand is hosting
the second One Health conference in 2013.

5 Conclusion

Prevention and control of emerging infectious diseases is an international public good.
‘One Health’ is a cost-effective, sustainable, and practical approach to find solutions
for problems which need holistic, multidisciplinary approaches, particularly in
resource-constrained countries. We have to understand that everyone can contribute to
promoting One Health by understanding the interaction and interconnectivity of the
human–animal interface. While there is a growing recognition of One Health, it has to
be translated from concept into actions through country level activities that are relevant
for specific situations. Country level activities should be focused toward strengthening
the infrastructure, good preparedness, and pre-emptive measures for responding to
emerging diseases and other acute public health problems.

Some people have started to believe that the One Health concept is an illusion
being limited to talk shows. Universities and certain sectors such as public health,
natural resources, wildlife, agriculture, etc., at country level are enthusiastic about
participating in the One Health mission, as witnessed by monthly (or more often)
programs of workshops and seminars in collaboration with several international
organizations. However, they are often designed for ‘grant or budget hunting’
rather than aiming to raise public awareness and participation. Most medical and
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veterinarian students are unaware of these developments, and public education is
needed for added community awareness.

Political commitment by national governments is fundamental in promoting a
One Health approach for responding to and managing zoonotic diseases, and
should be supported through policy decisions. There is a need for institutional
development to operationalize and sustain practical applications of One Health at
ground level with the support by local champions who may be working with
government, non-government organizations, and academic institutions.

He who does not understand the whole, is condemned to be reborn—The Upanishad
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Abstract The Asia Pacific Strategy for Emerging Diseases (APSED) requires
collaboration, consensus, and partnership across all the different actors and sectors
involved in different aspects of emerging disease. Guided by APSED, Mongolia has
established a functional coordination mechanism between the animal and human
health sectors. Surveillance, information exchange and risk assessment, risk reduc-
tion, and coordinated response capacity and collaborative research have been
identified as the four pillars of the zoonoses framework. Intersectoral collaboration has
been clearly shown to be a crucial tool in the prevention and control of emerging
zoonotic diseases. A ‘‘One Health’’ strategy has been implemented under the concept
of ‘Healthy animal-Healthy food-Healthy people’. An intersectoral coordination
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mechanism established between the veterinary and public health sectors has expanded
its function to incorporate more work on food safety, emergency management, and
effects of climate change on zoonotic diseases. Its membership includes the human
health sector, the veterinary sector, the national emergency management agency, the
environment sector, emergency management and inspection authorities, and the
World Health Organization (WHO). The main outputs of the coordination mechanism
have been strengthened surveillance and response activities and laboratory capacities.
The coordination mechanism has also strengthened the surveillance and response
capacity of neglected zoonotic diseases, such as brucellosis, anthrax, and tick-borne
diseases. Through regular meetings and brainstorming sessions, both sectors have
developed joint operational plans, a long-term risk reduction plan 2011–2015,
initiated a prioritization exercise and risk assessment for 29 zoonotic diseases, and
reviewed and revised standards, procedures, and communication strategies. In 2011, a
list of experts on major zoonoses were identified from different sectors and formed into
a taskforce to identify the focal points for rabies, brucellosis, and vector-borne
diseases. As a result, disease control strategies are now linked to scientific research and
epidemiological expertise.
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1 Background

1.1 Country Profile

Mongolia is a landlocked country in East and Central Asia, situated between and
bordering China and Russia, and with a population of 2.7 million as of 2011. The
country has the lowest population density in the world, one person per 1.57 km2.
Mining and agriculture, and are the two main sectors of the Mongolian economy.
For centuries, the Mongolians have been engaged in animal husbandry, raising
horses, sheep, goats, cattle, and camels. Agriculture, primarily herding, is the
traditional basis of the Mongolian economy, contributing about 20 % of GDP and
providing 40 % of national employment. Livestock husbandry is the main eco-
nomic pillar, vital for public good, and the significant source of export income.

Due to increasing urbanization and socioeconomic development of country in
recent years, migration from rural to urban and suburban areas has been increasing.
In 2010, only 36.7 % of the population resided in rural areas. Approximately,
30 % of the population is nomadic or seminomadic. Administratively, Mongolia is
divided into 21 provinces, and the capital city, Ulaanbaatar.

1.2 Climate

Mongolia has an extreme continental climate with long, cold winters and short
summers, during which most precipitation falls. The temperature is as low as -45
to -50� C in the winter and can reach 25� to 30 �C in the summer. Global climate
change is believed to have had an influence on the climate; the annual average
climate temperature has risen by 1.94 �C over the last 65 years, and in the last
30 years, the temperature has risen faster and the rainfall has decreased in Mon-
golian forest-steppe regions. Due to environmental and human impacts in the last
few years many rivers, streams, and lakes have dried, pasture growth has decreased
by 20–30 %, pasture plant species numbers have reduced and it has resulted in an
increase in land degradation and desertification. Natural disasters such as drought,
heavy snowfall, flood, snowstorms, windstorms, extreme cold and hot tempera-
tures, and earthquakes recurrently occur throughout the year. Mongolia is very
dependent on nature and climate due to its traditional nomadic lifestyle throughout
four seasons of the year.

The large herder population has a greater chance of zoonotic infections. As the
Mongolian economy is heavily reliant on herding and agriculture, the harsh
winters and periodic droughts have adverse effects on livestock and agriculture,
and also on the health status of the population.

One Health in Mongolia 125



1.3 Situation of Zoonotic Diseases

The livestock population was 36.3 millions as of 2011, down from 44.0 million at
the end of 2009. Pig and poultry population are not prominent. Endemic zoonotic
diseases such as brucellosis, anthrax, rabies, plague, and tick-borne diseases create
important public health problems.

In recent years, endemic zoonoses have expanded and outbreaks of number of
transboundary diseases have emerged in both animals and humans. Climate change
and extreme weather conditions have had an adverse effect on biodiversity, dis-
tribution of animals, and microflora, which can lead to the emergence of zoonotic
agents and create favorable conditions for disease outbreaks. Over 20 bacterial and
viral and 18 parasitic zoonotic diseases were reported in animals. Six out of 15
diseases listed as transmissible diseases notifiable to the OIE were reported in
Mongolia, and four diseases have a potential risk for further spread.

The significance of zoonoses is increasing due to improved animal husbandry
practices, climate change, desertification, and developments in the mining sector.
In spite of the progress achieved, anthrax, brucellosis, tick-borne diseases, and
rabies still constitute a threat to human health and welfare.

2 Coordinating Mechanisms Between Animal and Human
Health Sectors

The Asia Pacific Strategy on Emerging Diseases (APSED) recognizes the
importance of close multisectoral cooperation for the prevention and control of
zoonoses. With the support of World Health Organization (WHO), the Intersec-
toral Coordination Committee on Zoonoses was officially established in Mongolia
in February, 2010, although many collaborative activities had already been
undertaken since 2006. The Committee is chaired by either the Vice-Minister of
Health or the Vice-Minister of Food and Agriculture and Light Industry, alter-
nating between the two positions annually, and the membership includes repre-
sentatives from the Ministry of Health (MoH), Veterinary and Animal Breeding
Agency of Ministry of Food and Agriculture and Light Industry (MoFALI),
National Emergency Management Agency (NEMA), Ministry of Nature and
Environment, General Agency for Specialized Inspection, and the WHO.

The overall vision of the Coordination Committee is to have ‘‘strong human and
animal health sectors, together with emergency response and national inspection
agencies working in partnership toward the attainment of a healthier community’’.
The Coordination Committee has responsibility for developing joint policy on the
prevention and control of priority zoonotic diseases; for approving action plans
produced by a technical working group; for making recommendations on risk
assessment, early warning and response activities during outbreaks; for reviewing
and revising zoonotic diseases standard operational procedures (SOPs) and
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guidelines to reflect intersectoral collaboration; for providing methodological
assistance to improve the capacity of professional institutions at the national and
subnational level; for coordinating cooperation among different sectors in carrying
out early detection and response functions; and for monitoring and evaluating
overall zoonotic disease prevention and control. The Director-General of the
National Centre for Zoonotic Diseases in the MoH serves as secretariat, and is
responsible for routine coordination and management.

Before the establishment of the Coordination Committee, MoH and MoFALI
developed a written Memorandum of Understanding (MoU) to conduct joint
surveys on zoonotic diseases in 2007–2009. Both sectors exchanged annual sta-
tistical reports and conducted joint serological surveys. The results of the survey
helped define the distribution of major zoonoses which are important to both
animal and human health. The surveys identified new diseases in Mongolia, such
as tick-borne encephalitis, West Nile fever, Lyme disease, rickettsia, and Q fever.
The joint survey promoted collaboration between two sectors. The new diseases
have been added to the list of notifiable diseases to reflect current threats. How-
ever, most of the activities were aimed at gathering information about zoonotic
pathogens only. Notable changes observed in the two sectors during the survey
were transferred by the joint task to surveillance with ongoing and systematic
collection of information in order to define the extent of disease problem, and to
disseminate this information to improve public health awareness, early warning,
diagnosis, prevention, and control.

The first meeting of the Intersectoral Coordination Committee took place in
March 2010, and was attended by its members, the secretariat, the technical
working group and evaluation team, as well as by representatives from WHO and
FAO. The outcome of the meeting was discussion of the draft joint operational
plan. The first activity was to map existing capacity and surveillance systems, and
response and risk reduction measures in both the animal and human health sectors.
Based on the results of this assessment, an operational plan of action was devel-
oped to address the gaps and to improve zoonose control strategies.

Quarterly meetings have been held and priorities set for actions and interven-
tions. Regular meetings between veterinary and public health professionals proved
to be an important activity to improve and stimulate intersectoral cooperation.
During times of emergencies, both sides communicated frequently and joint
technical working group meetings were conducted. A good example of this is the
brainstorming joint response review meeting of veterinary and human health
authorities in September 2010 following the outbreak of anthrax in animals and
humans. All meetings are organized in cooperation with the WHO and other
international organizations. The cost of organizing joint meetings and conferences
was paid back by the harmonization of legislation, joint planning, and sharing of
resources. This included sharing information and surveillance data and cooperation
at the local level in outbreak response. This cooperation has been tested during real
time outbreaks and the lessons learned from those exercises used to improve the
rapid response measures.
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The coordination committee organized the first national conference on zoonoses
in June 2010. The participants were professionals from both the human and veter-
inary sectors at national and subnational levels. This was the first ever joint meeting
between two sectors at a professional level. The meeting reviewed results of joint
assessment on existing capacity and system for surveillance and response in the
following areas:

• Human resources
• Response capacity
• Information and surveillance
• Laboratory
• Logistics and supplies.

After the National conference, the intersectoral coordination mechanism was
formally set up at all levels in Mongolia. At the community level, social aware-
ness, public education, and media play an important role. It has also enabled the
use of better risk communication and health education strategies at the community
level. Risk communication and promotion of programs directed primarily at
occupational risk groups and school children were implemented with assistance
from local government. At the national level, the coordination mechanism was
aimed at improving information exchange, expertise sharing, mutual technical
support, and harmonization of legislation. In 2011, a joint strategy for long-term
risk reduction of priority zoonotic diseases for 2011–2015 was developed by the
Ministries of Health and of Food and Agriculture.

3 Information Sharing, Surveillance, Risk Assessment,
and Risk Reduction

3.1 Prioritization Exercise

The Intersectoral coordinating committee on zoonoses carried out a prioritization
exercise and risk assessment of 29 zoonotic diseases in January 2011. These
included endemic zoonoses reported in humans, zoonoses reported in animals,
vector-borne diseases, and diseases at risk of being imported. A total of 16 zoo-
noses were identified that are important for both animal and human health sectors.
The technical working group that consisted of veterinary, public health, laboratory,
research institute, and academic personnel held a series of discussions and con-
ducted detailed risk assessments. WHO’s prioritization tool as well as other
countries’ methodologies and tools were adopted for this prioritization exercise.
The priority diseases, namely, plague, avian influenza, anthrax, brucellosis, rabies,
tickborne encephalitis, echinococcosis, and tularemia were defined as diseases that
required a coordinated surveillance and response. Endemic diseases like brucel-
losis and anthrax, which have been listed by WHO as ‘‘neglected’’ were identified
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as priority diseases by MoH and MoFA. The exercise specially defined malaria,
dengue fever, glanders, toxoplasmosis, West Nile fever, Japanese encephalitis,
hemorrhagic fever with renal syndrome, and cryptosporidiosis as diseases that
should be targeted for collaborative research.

3.2 Sharing of Surveillance Data

The coordination committee developed SOPs for information sharing, surveil-
lance, and response for the priority diseases such as avian and pandemic influenza,
anthrax, tick-borne diseases, rabies, brucellosis, plague, and some parasitic dis-
eases. The veterinary and health sectors routinely cross-notify and exchange
information, based on the SOPs. In addition to surveillance data, both sectors
should exchange outbreak information within 24 h, and laboratory data and event
information (immunization, cluster of cases, livestock abortion, sudden death of
animals, survey results, food-borne disease) on a monthly basis. Weekly disease
information has been shared with MoH, MoFA, WHO, FAO, and other partners
through an electronic newsletter since March 2010.

3.3 Brucellosis Control in Mongolia

Mongolia has one of the highest incidences of human brucellosis in the world.
National brucellosis surveillance was established in the 1950, and a test-and-slaughter
strategy commenced in 1960. The Government implemented a vaccination strategy
from 1973 to 1983. As a result, the prevalence of animal brucellosis has decreased
from 10 to 0.5 %. However, in the 1990s human brucellosis re-emerged following
transition to free market economy, collapse of systems that were responsible to public
health issues and lack of resources to continue surveillance accordingly. In 2000, a
new vaccination strategy was introduced with the aim of eradicating the disease by
2010, but attempts to control the disease have been unsuccessful because of incon-
sistent strategies with respect to vaccination of livestock and the detection and
elimination of infected animals from the herd.

The seroprevalence of brucellosis in humans, livestock, and dogs was investi-
gated as a pilot project in Sukhbaatar and Zavkhan province with support from
Swiss Development Agency. The results of the study by veterinary and medical
epidemiologists served as a baseline for assessing and monitoring the effectiveness
of a conjunctival vaccination campaign in 2010. In addition, the conjunctival
vaccine campaign has assisted the development of new strategy for national
brucellosis control and for livestock export.

Despite the increase in the number of registered animal brucellosis cases, the
MoH did not report an increase in the number of human brucellosis. In Mongolia,
the disease incidence is largely unknown because many cases are missed due to a
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lack of diagnostic facilities at the subnational level. Only 2–3 % of cases of acute
human brucellosis are reported, and it is estimated that less than one in 40 cases
are reported indicating a significant under-reporting. Animal sector surveillance
data helped the human health sector to review surveillance and laboratory practice
to improve reporting. Brucellosis is identified as one of priority zoonoses for both
animal and human health sector. In 2011, animal and human sector have started
baseline prevalence survey. Over 200,000 serum samples from five major species
of animals and 2,333 serum samples from human were collected and laboratory
investigation were carried out, following OIE recommendations. A mass vacci-
nation campaign has been implemented with the aim of controlling and eradicating
animal Brucellosis by 2020. The country was divided into three sectors and
14.7 million animals were vaccinated in 2011 in 1st sector, with a future plan to
vaccinate animals in remaining two sectors, and then to provide annual vaccination
of newborns.

3.4 Joint Risk Assessment and Risk Reduction

In response to growing burden of anthrax in the Mongolia, a technical working
group has developed a strategy for the prevention and control of human and animal
anthrax. This is the first risk reduction disease strategy that has been prepared with
involvement of human, animal, emergence management, inspection agency, food
safety and intelligence authorities, and with international partners. The strategy has
been based on global best practice and experience gained over the past 30 years of
responding to outbreaks as well as sporadic cases of anthrax. A GIS-based risk
map has been developed for anthrax to provide a common platform. In addition, a
joint technical working group has been established with professionals from the
Institute of Veterinary Medicine, the National Centre for Zoonotic Diseases, the
Central Veterinary Diagnostic Laboratory to act as a professional advisory, and
technical implementation body to develop methodological recommendations and
policy documents for approval by relevant authorities.

In response to increasing numbers of rabies cases in wildlife, the veterinary and
public health sectors have combined with local government over the past 2 years
to conduct community education and awareness activities in schools, workplaces,
and among the general population. On World Rabies Day 2011, the MoH orga-
nized a rabies awareness and prevention campaign and conducted training for
healthcare workers, veterinarians, school doctors. The MoH also distributed bro-
chures and posters for children, parents, and dog owners on rabies prevention, and
video spots and cartoons were produced and broadcasted by media. The veterinary
sector also initiated dog vaccination, and stray street dogs were destroyed in four
districts.

An avian influenza surveillance program has been established in wild birds in
order to provide an early warning system and to improve the existing surveillance
network. The surveillance team consisted of representatives from the veterinary,
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health, environment, inspection, and other related institutions, and was a good
example of multisectoral cooperation.

The two human and animal sectors have developed an epidemiological atlas of
zoonotic diseases in Mongolia, 2011. The atlas contains approximately 50 maps
that illustrate the distribution of major or rare and neglected zoonotic diseases.
Every map contains key information about the infectious agent including: ICD-10
code, epidemiology, epizootiology, climate data, vegetation, transmission, incu-
bation period, clinical findings, therapeutic options, and key references. In addi-
tion, the atlas includes population density, livestock density, antibiotic use,
immunization coverage, and other relevant factors and will be regularly updated. It
will be made available online by 2012. The use of GIS tools and geo-referenced,
subnational level epidemiological data allowed the production of maps that
improve spatial quality of previous maps. It was shown that diseases such as
brucellosis, glanders, and bovine leucosis in animals have been introduced into
previously unaffected areas by cattle movement. The atlas will lay the basis for
novel, evidence-based methodologies to estimate the population at risk and burden
of disease, ultimately leading to more targeted interventions. The atlas has also
helped to streamline field data collection.

4 Coordinated Response to Emerging Zoonoses

Joint risk assessment and investigations have been conducted after cross-notification
of outbreaks of foot-and-mouth disease, Newcastle disease, human and animal
anthrax, rabies, and avian influenza in wild birds.

During outbreaks of anthrax, a rapid response team consisting of veterinarians,
medical epidemiologist, inspectors and emergency officers, implemented quaran-
tine and movement restrictions, and developed risk maps using GIS. Animal
vaccinations, enhanced surveillance in the food market, and health education and
communication activities has led to effective outbreak response. The subclinical,
gastrointestinal form of anthrax was identified for the first time by the rapid
response team.

Existing rapid response infrastructure has been improved into multisectoral
joint rapid response teams that operate at the district and provincial levels; rapid
response teams have been trained and established in 21 provinces.

Working together has made it possible to prevent zoonotic diseases, not merely
to react to them once they have occurred. Laboratory integration, surveillance
activities, and recognition of the importance of risk assessment have also
increased.
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5 Laboratory Cooperation

Under the APSED framework, communication and cooperation of veterinary and
human health laboratories have increased significantly in the last 3 years. Labo-
ratories share information, experience, diagnostic kits, laboratory specimens and
lab equipment for surveillance, response, and research activities. Health labora-
tories have benefited from more advanced laboratory resources of veterinary
laboratories, including personnel. During an unusual outbreak of human anthrax in
2011, the veterinary laboratory assisted in validating results and undertook con-
firmation tests. Subnational veterinary laboratories in all 21 provinces have been
equipped with PCR equipment and reagents.

The veterinary laboratory also supported laboratory diagnosis of a rabies out-
break in Uvurkhangai province and in an unusual anthrax outbreak in Khovd
province. Following annual serological surveys, the analysis of the laboratory
findings was carried out jointly by laboratory staff from the veterinary and health
laboratories, and the methodologies used in both sectors were reviewed and
experiences shared.

As a result of human and animal sector collaboration, the diagnostic capacity of
human health laboratories has been improved significantly. New advanced meth-
ods and techniques for isolation, identification, and confirmation of zoonotic viral
and parasitic pathogens have been introduced at the national level. A number of
commercially available diagnostic kits have been introduced for diagnosis at the
NRCIDNF and the number of diseases diagnosed by molecular assays has
increased to 17. Serological and molecular diagnostic tools have become available
for the diagnosis of tick-borne encephalitis, Lyme disease, and Rickettsia which
had previously been diagnosed only by clinical presentation. However, Hantavirus,
West Nile virus, Japanese encephalitis virus, Crimean Congo hemorrhagic fever
virus, dengue virus, and many others cannot be diagnosed due to technical limi-
tations, and thus the true burden and epidemiology of these diseases in Mongolia is
still unknown.

In addition to the collaboration with veterinary laboratories, training in
advanced countries is seen as important for increase capacity at the laboratory
diagnostic level. Since 2010, over 30 professionals have been trained in laboratory
biosafety in Russian Federation, Kazakhstan, People’s Republic of China, Ger-
many, and Japan. Approximately 23 % of the trained lab professionals were from
provincial veterinary and medical diagnostic laboratories.

As a result of collaborative molecular biology research with foreign colleagues
from various countries including Russia, China, the USA, Germany, and Japan,
various techniques such as Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR), duplex polymerase chain reaction (PCR), variable number
tandem repeats (VNTR), multiple loci VNTR analysis (MLVA), have been
introduced to research and diagnostic laboratories for animal and human diseases,
and have determined unique and specific genes of Y.pestis, B.anthracis, rabies
virus, tick-borne encephalitis virus, and some species of Rickettsia. In addition,
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Hantavirus, West Nile virus, Anaplasmosis, Erlichiosis, and Toxoplasmosis were
newly identified using these techniques.

Several complications still exist that constrain sharing of resources between
human and animal diagnostic laboratories and the biggest challenge for the In-
tersectoral Coordination Committee on Zoonoses will be to change the legal and
ethical environment.

Mongolia is planning to establish a laboratory network between public health,
clinical, veterinary, and food laboratories in 2012–2013.

6 Risk Communication

Lessons learned from managing previous outbreaks highlighted the importance of
advocacy and public education. A communication and behavior change strategy
was reviewed by the Coordinating Committee meeting in 2010. It emphasizes the
need for advocacy and a public education campaign targeted at high-risk groups.
A proactive approach in building effective communication with media was also
stressed. Endemic zoonoses such as plague, anthrax, and vector-borne diseases
occur regularly due to a lack of public awareness, and there is a high infectivity
rate of brucellosis among herdsmen and veterinarians. Unsafe cultural traditions
are widespread among the general population, such as consumption of raw milk,
undercooked sheep liver, and sour cream made from raw milk. Public health
education programs need to be aimed at specific community groups, school chil-
dren, and occupational groups, taking into account culture, beliefs, traditions,
educational level, social status, occupation, and age. An involvement of commu-
nity and local government in health education through health education in schools
and in the workplace has proved to be effective. Health messages on how to
prevent infection with tick-borne diseases and the production of leaflets and
posters were distributed before the tick season. In addition, a monthly press
conference has been initiated by the MoH to ensure important public health
messages are widely disseminated; the first press conference held on March 2011
advocated a One World, One Health approach to public health.

Regular awareness programs are conducted by State Veterinary and Animal
Breeding Department, Institute of Veterinary Medicine, and the MoH through TV
programs, brochures, video spots, cartoons for children, and press conferences.

Training materials and courses for risk reduction measures and interventions
were developed for anthrax, plague, tick-borne diseases, brucellosis, and avian
influenza collaboratively by animal and human health sectors. Joint staff training
activities and short training courses on mosquito biology and surveillance, risk
assessment of common zoonotic diseases, data management, database design,
vector-borne diseases have been conducted for medical and zoonotic epidemiol-
ogists, biologists, laboratory staff, and meteorologists.
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7 Collaborative Research

Tick-borne diseases such as tick-borne encephalitis, Lyme disease, and rickettsia
are a growing concern in Mongolia, as their prevalence continues to increase with
expansion into new areas. Pastoral animal husbandry, climate change, desertifi-
cation, development of mining sector, new tick species, and vector distribution in
Mongolia combine to create an important public health problem. To mitigate these
risks, a Korean International Cooperation Agency (KOICA) funded project has
supported vector surveillance, climatic monitoring and community education to
high-risk population. This initiative is multisectoral, and is bringing together
people with different backgrounds and sectors. At the regional level, emerging
diseases surveillance and response (ESR) and malaria, vector-borne and parasitic
disease (MVD) units are working together.

Climate change studies are complex and require multisectoral collaboration.
Building on the achievements of the intersectoral coordination mechanism, a
comprehensive surveillance system for vector-borne diseases has been established.
Surveillance procedures have been developed for anaplasmosis, Q fever, tickborne
encephalitis, tickborne boreliosis, rickettsia, and erlichiosis. Tick distribution and
species are monitored in relation with microclimate and human infections.
Erlichiosis and anaplasmosis, toxoplasmosis, and Crimean Congo hemorrhagic
fever infections were identified for the first time in humans, and Anaplasmosis
platys was identified for the first time in ticks. The veterinary laboratory is
undertaking genetic studies on ticks.

Correlation of infected tick density with variations in human incidence and
climate determinants has helped to identify factors associated with disease trans-
mission. Risk maps on tick prevalence, density, biotype, climate data, and vege-
tation has provided useful public health information for early warning. Increased
risk communication and staff training has resulted in improved protective behavior
of the nomadic population.

8 International Partnership

The National Center for Zoonotic Diseases has established good collaboration and
partnerships with many international organizations and institutions from various
countries including China, Kazakhstan, Russia, Japan, Switzerland, the USA, and
Germany. Epidemiologists interested in zoonoses have been cooperating with
Chinese Academy of Inspection and Quarantine since 2007 on collaborative
research directed at understanding the natural foci and the conditions affecting
disease incidence each side of the border of both countries. This collaborative
research has also enhanced laboratory capacity, including a substantial donation of
virology laboratory equipment to the NCIDNF by the Chinese Academy of
Inspection and Quarantine. The laboratory will be basis for conducting cross-border
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surveillance, on-the-job training of laboratory staff, and confirmation of events and
diseases of public health importance.

The NCIDNF conducts collaborative research on plague and tick-borne dis-
eases with the Bundeswehr Institute of Microbiology of Munich. Both institutions
carry out annual joint field investigations and expeditions. The results from these
studies have been published and presented at an international zoonoses conference
held in Mongolia. Extensive research and cross border surveillance of bacterial,
parasitic, and viral diseases have been conducted in collaboration with Gamalei
Institute of Epidemiology and Microbiology, and natural foci of leptospirosis,
cryptosporidiosis, and toxoplasmosis have been detected for the first time in
Mongolia.

Studies on the molecular biology of plague, tick-borne diseases, and other
emerging diseases have been undertaken by veterinary and public health spe-
cialists with colleagues from the University of Florida. An important part of the
collaboration with the University of Florida is a ‘One Health’ training program
which started in 2011, and which attracted a number of staff members from the
Institute of Veterinary Medicine and the MoH. It is hoped that the course may
attract the US and international students. The curriculum will include studies in
environmental health, modern laboratory techniques, epidemiology, biostatistics,
food safety, climate change, GIS, toxicology, and zoonotic infections research.

9 Challenges and Lessons Learned

APSED has facilitated an intersectoral coordination mechanism between human
health and other sectors. However, although ongoing risk assessments are con-
ducted during outbreaks, there has been no comprehensive cross-sectoral risk
assessment for all priority zoonoses. Evidence-based decision making and
response, and utilization of risk assessment findings, need to be further improved.
It has also been realized that an enabling legal environment is critical for effective
control of zoonoses. The annual intersectoral simulation exercise has been a useful
way to review response capability, and to update and revise the coordinated
response guidelines. Subnational level planning and information sharing between
veterinary and health epidemiologists, however, is still weak. At the local level,
the involvement of the veterinary health departments is crucial for effective
monitoring of instances of zoonotic disease in wild and domestic animals. There is
also need to improve both the health laboratory capacity and in epidemiological
capacity in the animal sector. During the annual review meeting in 2011, the need
for developing and implementing a common monitoring and evaluation framework
was highlighted, and poor coordination and confusion over roles and responsi-
bilities among veterinary, health and inspection agencies on food safety, and
import and export control need to be addressed.

Financial contribution is crucial for the success of zoonoses control in the
country, so that effort from MOFALI and MOH is requested to have more efficient
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way to raise the fund and harmonize international donor recourse, by drawing
attention of potential donors for the activity in the zoonoses field.

We believe a good foundation has been established for a coordination mech-
anism between the veterinary and public health sectors, and the generic capacity
for zoonoses control and prevention has improved considerably. In addition, the
zoonoses coordination framework has attracted more resources from international
partners and allowed pooling of resources. Thus while an important process has
started, there is still much to do to reduce the risk of zoonotic diseases in
Mongolia.

Editorial addition
Asia Pacific Strategy for Emerging Diseases (APSED) and its role in responding

to zoonotic disease threats.
John S Mackenzie,
Curtin University, Perth, and the Burnet Institute, Melbourne
APSED was developed in 2005 as a joint initiative by the South-East Asian

(SEARO) and Western Pacific Regional Offices (WPRO) of the WHO to meet the
challenges of emerging diseases that pose serious threats to regional and global
health security (WHO 2005). APSED provided a common strategic framework for
countries and areas of the two regions to strengthen their capacity to manage and
respond to emerging diseases including epidemic-prone diseases, and to develop
the capability to comply with the core capacity requirements of the new Interna-
tional Health Regulations (2005). It had the support of all 48 regional countries
(11 in SEARO and 37 in WPRO), and thus represented countries with a combined
population of 3.4 billion people, more than half of the world’s population.

The development of APSED was greatly influenced by several major emerging
zoonotic disease events in the Asia Pacific region, and especially by the emergence
of severe acute respiratory syndrome (SARS) and highly pathogenic avian influ-
enza H5N1 (HPAI), as well as the initial outbreak and continued recurrences of
Nipah virus. During the first 5 years of the Strategy, the two regions experienced a
number of infectious disease threats including the establishment of HPAI as an
endemic disease, the rapid global spread of pandemic influenza H1N1 2009, and a
large number of other acute events with significant public health impact. Taken
together, these provided important lessons in pandemic response and demonstrated
the need to further strengthen public health emergency preparedness and improve
monitoring and evaluation.

APSED (2005) recognized that many emerging diseases were zoonoses, and
that an important component of the Strategy was the development of plans to
detect, manage, and respond to infectious diseases at the human–animal interface.
During the first 5 years of the Strategy, a guide was developed in collaboration
with colleagues from the World Organization for Animal Health (OIE) and the
Food and Agriculture Organization of the United Nations (FAO) entitled ‘Zoo-
notic Diseases: A Guide to Establishing Collaboration between Animal and
Human Health Sectors at the Country Level’ to assist countries with their planning
(WHO 2008).
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Thus, considerable progress was made in the two regions toward strengthening
core capacities needed to prevent, detect and respond to threats posed by emerging
diseases, and has provided a good foundation for expanding the scope of APSED.
This led to a Biregional Consultation to explore how to take the Strategy forward
for the next 5 years, resulting in the development of APSED (2010) (WHO 2011).
The new Strategy has expanded to eight focus areas, including zoonoses, with a
strong statement recognizing the importance of zoonotic diseases and with an
undertaking to continue working in collaboration with FAO and OIE and other
partners … ‘to contribute to the concept of ‘‘One Health’’‘, and acknowledging
that reducing the risk of transmission of zoonotic diseases requires close collab-
oration between and links with the food safety, environment, and wildlife sectors.
It also states that the experience and lessons learned with HPAI (H5N1) provide a
good foundation to consolidate and strengthen national and regional coordination
mechanisms for surveillance information-sharing and coordinated responses by
human and animal health sectors.

In response to the Strategy, a number of countries in the regions have developed
plans to coordinate and collaborate between their human and animal sectors, and in
some instances, also their environmental sectors, through a ‘One Health’ approach.
Mongolia is one such example, and the description of their plans and activities
clearly demonstrate how they are building a sustainable and collaborative
approach toward managing zoonotic diseases, and developing the capacity to
diagnose and respond to new emerging disease threats—a good example of
operationalising ‘One Health’ at the national level. Other examples are given in the
chapters by Dr G Gongal and Dr B Coughlan.
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Climate Change and Human Health:
A One Health Approach

Jonathan A. Patz and Micah B. Hahn

Abstract Climate change adds complexity and uncertainty to human health issues
such as emerging infectious diseases, food security, and national sustainability
planning that intensify the importance of interdisciplinary and collaborative
research. Collaboration between veterinary, medical, and public health profes-
sionals to understand the ecological interactions and reactions to flux in a system
can facilitate clearer understanding of climate change impacts on environmental,
animal, and human health. Here we present a brief introduction to climate science
and projections for the next century and a review of current knowledge on the
impacts of climate-driven environmental change on human health. We then turn to
the links between ecological and evolutionary responses to climate change and
health. The literature on climate impacts on biological systems is rich in both
content and historical data, but the connections between these changes and human
health is less understood. We discuss five mechanisms by which climate changes
impacts on biological systems will be felt by the human population: Modifications
in Vector, Reservoir, and Pathogen Lifecycles; Diseases of Domestic and Wild
Animals and Plants; Disruption of Synchrony Between Interacting Species; Tro-
phic Cascades; and Alteration or Destruction of Habitat. Each species responds to
environmental changes differently, and in order to predict the movement of disease
through ecosystems, we have to rely on expertise from the fields of veterinary,
medical, and public health, and these health professionals must take into account
the dynamic nature of ecosystems in a changing climate.
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Both benefits and challenges of a One Health approach when addressing emerging
infectious diseases (Sect. 2), food security (Sect. 3), and national sustainability
planning (Sect. 4) have been addressed elsewhere in this volume. Integration of
the impact of climate change into these systems adds complexity and uncertainty
that intensifies the importance of interdisciplinary and collaborative research.
Awareness of links between ecological processes and diseases may be of value if
anticipated changes in global climate—and subsequent changes in ecosystem
structures and functioning—are considered simultaneously. As One Health prac-
titioners, we emphasize the importance of understanding interactions among the
health of humans, animals, and the environment. Each responds to climate change
in a different way—across varying temporal and spatial scales, mechanisms, and
levels of magnitude. Piecing together the web of interconnections within an
ecosystem is difficult, and climate change introduces a dynamic element to the
puzzle that creates a perpetually shifting target. Collaboration among veterinary,
medical, and public health professionals to understand the ecological interactions
and reactions to flux in a system can facilitate clearer understanding of climate
change impacts on environmental, animal, and human health. We begin with a
brief overview of the scientific background, and then examine several case studies
of climate change impacts on ecosystem and animal health that have demonstrated
links to human health as well.

1 What is Climate Change?

Climate change, whether due to natural variability or resulting from human activity,
depends on the overall energy budget of the planet, the balance between incoming
(solar) shortwave radiation and outgoing longwave radiation. This balance is
affected by the Earth’s atmosphere, in much the same way that a greenhouse (or a
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car’s windshield on a hot day) allows sunlight to enter and traps heat (infrared)
energy inside. An atmosphere that retains more heat, because it has higher levels of
so-called greenhouse gasses, will lead to higher average surface temperatures.

A definitive source of information on climate change is the work of the United
Nations Intergovernmental Panel on Climate Change (IPCC), which was estab-
lished by the World Meteorological Organization (WMO) and the United Nations
Environment Programme (UNEP) in 1988. Since 1990, the IPCC has conducted
international assessments of the current scientific work on climate change, the
potential impacts of this change, and various prevention options at approximately
5-year intervals. This international body includes many outstanding scientists who
represent multiple sectors, and its reports are viewed as the most authoritative
assessments on the subject. Much of the information on climate science in this
chapter is drawn from IPCC reports (Solomon et al. 2007).

1.1 Greenhouse Gasses

The composition of the Earth’s atmosphere has changed since preindustrial
times. Beginning approximately in the mid-1800s, changes include increases in
atmospheric levels of carbon dioxide (CO2), methane (CH4), and nitrous oxide
(N2O) that far exceed any changes occurring in the preceding 10,000 years.
Historical levels of these greenhouse gasses are known from analyses of air
trapped in bubbles in Antarctic ice cores (Etheridge et al. 1998; Gulluk et al.
1998). For example, the concentration of CO2, the most significant greenhouse
gas, has risen by approximately 35 %, from about 280 parts per million by volume
(ppmv) in the late eighteenth century to about 380 ppmv at present. Higher
greenhouse gas concentrations have contributed to warming the Earth in an effect
called positive radiative forcing, by absorbing and re-emitting infrared radiation
toward the lower atmosphere and the Earth’s surface (Fig. 1 summarizes the
principal components of radiative forcing). Figure 2 depicts the temperature
changes across the globe since 1900 related to natural and anthropogenic forcings.

1.2 A Warming Earth: From Past to Future

Long-term climate change can be observed as a signal standing out against a
background of natural climate variability (Fig. 2). To help in determining the
meaning of this signal, we need historical climate data to measure natural vari-
ability. Because instrument records are available only for the recent past (not quite
150 years), previous climates must be deduced from paleoclimatic records such as
tree rings, pollen series, faunal and floral abundances in deep-sea cores, isotope
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analyses of coral and ice cores, and diaries and other documentary evidence.
Results of these analyses show that average North American temperatures in the
mid- to late twentieth century appear to have been warmer than during any similar
period in the last five centuries and likely the highest in at least the past
1,300 years (Solomon et al. 2007). The increasing temperature trend is acceler-
ating rapidly. From 1906 to 2005, global average temperature rose by 0.74 �C.
According to the IPCC, by 2100 health-relevant weather extremes will be very
likely (Table 1). The rate of change is faster now than in any period in the last
1,000 years.

Fig. 1 Components of radiative forcing. Global mean radiative forcings (RF) and their 90 %
confidence intervals in 2005 for various agents and mechanisms. Errors for CH4, N2O and
halocarbons have been combined. The net anthropogenic radiative forcing and its range are also
shown. Reproduced with permission from Solomon et al. (2007, FAQ 2.1, Figure 2)
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1.3 Earth System Changes

Although warming is the average effect across the Earth’s surface, changing
temperatures are only part of the story. Higher temperatures evaporate soil
moisture more quickly (thus severe droughts), while warm air can hold more
moisture and result in heavy rains; such ‘‘hydrologic extremes’’ (floods and
droughts) are very much a part of climate change scenarios and therefore of
substantial concern to public health professionals. In addition, Arctic and Antarctic
ice are melting, thereby releasing vast amounts of water into the oceans, raising

Fig. 2 Temperature changes due to natural and anthropogenic forcings. Comparison of observed
continental- and global-scale changes in surface temperature with results simulated by climate
models using either natural or both natural and anthropogenic forcings. Decadal averages of
observations are shown for the period 1906–2005 (black line) plotted against the centre of the
decade and relative to the corresponding average for the 1901–1950. Lines are dashed where
spatial coverage is less than 50 %. Blue shaded bands show the 5–95 % range for 19 simulations
from five climate models using only the natural forcings due to solar activity and volcanoes. Red
shaded bands show the 5–95 % range for 58 simulations from 14 climate models using both
natural and anthropogenic forcings. Reproduced with permission from Solomon et al. 2007, FAQ
9.2, Figure 1)

Climate Change and Human Health 145



T
ab

le
1

P
ro

je
ct

ed
E

ar
th

sy
st

em
ch

an
ge

s

P
he

no
m

en
on

a
an

d
di

re
ct

io
n

of
tr

en
d

L
ik

el
ih

oo
d

of
fu

tu
re

tr
en

ds
ba

se
d

on
pr

oj
ec

ti
on

s
fo

r
21

st
ce

nt
ur

y
us

in
g

S
R

E
S

sc
en

ar
io

s

E
xa

m
pl

es
of

m
aj

or
pr

oj
ec

te
d

im
pa

ct
s

by
se

ct
or

A
gr

ic
ul

tu
re

,
fo

re
st

ry
an

d
ec

os
ys

te
m

s
W

at
er

re
so

ur
ce

s
H

um
an

he
al

th
In

du
st

ry
,

se
tt

le
m

en
t

an
d

so
ci

et
y

O
ve

r
m

os
t

la
nd

ar
ea

s,
w

ar
m

er
an

d
fe

w
er

co
ld

da
ys

an
d

ni
gh

ts
,

w
ar

m
er

an
d

m
or

e
fr

eq
ue

nt
ho

t
da

ys
an

d
ni

gh
ts

V
ir

tu
al

ly
ce

rt
ai

nb
In

cr
ea

se
d

yi
el

ds
in

co
ld

er
en

vi
ro

nm
en

ts
;

de
cr

ea
se

d
yi

el
ds

in
w

ar
m

er
en

vi
ro

nm
en

ts
;

in
cr

ea
se

d
in

se
ct

ou
tb

re
ak

s

E
ff

ec
ts

on
w

at
er

re
so

ur
ce

s
re

ly
in

g
on

sn
ow

m
el

t;
ef

fe
ct

s
on

so
m

e
w

at
er

su
pp

li
es

R
ed

uc
ed

hu
m

an
m

or
ta

li
ty

fr
om

de
cr

ea
se

d
co

ld
ex

po
su

re

R
ed

uc
ed

en
er

gy
de

m
an

d
fo

r
he

at
in

g;
in

cr
ea

se
d

de
m

an
d

fo
r

co
ol

in
g;

de
cl

in
in

g
ai

r
qu

al
it

y
in

ci
ti

es
;

re
du

ce
d

di
sr

up
ti

on
to

tr
an

sp
or

td
ue

to
sn

ow
,

ic
e;

ef
fe

ct
s

on
w

in
te

r
to

ur
is

m

W
ar

m
sp

el
ls

/h
ea

t
w

av
es

.
F

re
qu

en
cy

in
cr

ea
se

s
ov

er
m

os
t

la
nd

ar
ea

s

V
er

y
li

ke
ly

R
ed

uc
ed

yi
el

ds
in

w
ar

m
er

re
gi

on
s

du
e

to
he

at
st

re
ss

;
in

cr
ea

se
d

da
ng

er
of

w
il

dfi
re

In
cr

ea
se

d
w

at
er

de
m

an
d;

w
at

er
qu

al
it

y
pr

ob
le

m
s,

e.
g.

al
ga

l
bl

oo
m

s

In
cr

ea
se

d
ri

sk
of

he
at

-
re

la
te

d
m

or
ta

li
ty

,
es

pe
ci

al
ly

fo
r

th
e

el
de

rl
y,

ch
ro

ni
ca

ll
y

si
ck

,
ve

ry
yo

un
g

an
d

so
ci

al
ly

is
ol

at
ed

R
ed

uc
ti

on
in

qu
al

it
y

of
li

fe
fo

r
pe

op
le

in
w

ar
m

ar
ea

s
w

it
ho

ut
ap

pr
op

ri
at

e
ho

us
in

g;
im

pa
ct

s
on

th
e

el
de

rl
y,

ve
ry

yo
un

g
an

d
po

or

H
ea

vy
pr

ec
ip

it
at

io
n

ev
en

ts
.

F
re

qu
en

cy
in

cr
ea

se
s

ov
er

m
os

t
ar

ea
s

V
er

y
li

ke
ly

D
am

ag
e

to
cr

op
s;

so
il

er
os

io
n,

in
ab

il
it

y
to

cu
lt

iv
at

e
la

nd
du

e
to

w
at

er
lo

gg
in

g
of

so
il

s

A
dv

er
se

ef
fe

ct
s

on
qu

al
it

y
of

su
rf

ac
e

an
d

gr
ou

nd
w

at
er

;
co

nt
am

in
at

io
n

of
w

at
er

su
pp

ly
;

w
at

er
sc

ar
ci

ty
m

ay
be

re
li

ev
ed

In
cr

ea
se

d
ri

sk
of

de
at

hs
,

in
ju

ri
es

an
d

in
fe

ct
io

us
,

re
sp

ir
at

or
y

an
d

sk
in

di
se

as
es

D
is

ru
pt

io
n

of
se

tt
le

m
en

ts
,

co
m

m
er

ce
,

tr
an

sp
or

t
an

d
so

ci
et

ie
s

du
e

to
fl

oo
di

ng
:

pr
es

su
re

s
on

ur
ba

n
an

d
ru

ra
l

in
fr

as
tr

uc
tu

re
s;

lo
ss

of
pr

op
er

ty

A
re

a
af

fe
ct

ed
by

dr
ou

gh
t

in
cr

ea
se

s
L

ik
el

y
L

an
d

de
gr

ad
at

io
n;

lo
w

er
yi

el
ds

/c
ro

p
da

m
ag

e
an

d
fa

il
ur

e;
in

cr
ea

se
d

li
ve

st
oc

k
de

at
hs

;
in

cr
ea

se
d

ri
sk

of
w

il
dfi

re

M
or

e
w

id
es

pr
ea

d
w

at
er

st
re

ss
In

cr
ea

se
d

ri
sk

of
fo

od
an

d
w

at
er

sh
or

ta
ge

;
in

cr
ea

se
d

ri
sk

of
m

al
nu

tr
it

io
n;

in
cr

ea
se

d
ri

sk
of

w
at

er
-

an
d

fo
od

-
bo

rn
e

di
se

as
es

W
at

er
sh

or
ta

ge
fo

r
se

tt
le

m
en

ts
,

in
du

st
ry

an
d

so
ci

et
ie

s;
re

du
ce

d
hy

dr
op

ow
er

ge
ne

ra
ti

on
po

te
nt

ia
ls

;
po

te
nt

ia
l

fo
r

po
pu

la
ti

on
m

ig
ra

ti
on

(c
on

ti
nu

ed
)

146 J. A. Patz and M. B. Hahn



T
ab

le
1

(c
on

ti
nu

ed
)

P
he

no
m

en
on

a
an

d
di

re
ct

io
n

of
tr

en
d

L
ik

el
ih

oo
d

of
fu

tu
re

tr
en

ds
ba

se
d

on
pr

oj
ec

ti
on

s
fo

r
21

st
ce

nt
ur

y
us

in
g

S
R

E
S

sc
en

ar
io

s

E
xa

m
pl

es
of

m
aj

or
pr

oj
ec

te
d

im
pa

ct
s

by
se

ct
or

A
gr

ic
ul

tu
re

,
fo

re
st

ry
an

d
ec

os
ys

te
m

s
W

at
er

re
so

ur
ce

s
H

um
an

he
al

th
In

du
st

ry
,

se
tt

le
m

en
t

an
d

so
ci

et
y

In
te

ns
e

tr
op

ic
al

cy
cl

on
e

ac
ti

vi
ty

in
cr

ea
se

s

L
ik

el
y

D
am

ag
e

to
cr

op
s;

w
in

dt
hr

ow
(u

pr
oo

ti
ng

)
of

tr
ee

s;
da

m
ag

e
to

co
ra

l
re

ef
s

P
ow

er
ou

ta
ge

s
ca

us
in

g
di

sr
up

ti
on

of
pu

bl
ic

w
at

er
su

pp
ly

In
cr

ea
se

d
ri

sk
of

de
at

hs
,

in
ju

ri
es

,
w

at
er

-
an

d
fo

od
-

bo
rn

e
di

se
as

es
;

po
st

-t
ra

um
at

ic
st

re
ss

di
so

rd
er

s

D
is

ru
pt

io
n

by
fl

oo
d

an
d

hi
gh

w
in

ds
;

w
it

hd
ra

w
al

of
ri

sk
co

ve
ra

ge
in

vu
ln

er
ab

le
ar

ea
s

by
pr

iv
at

e
in

su
re

rs
;

po
te

nt
ia

l
fo

r
po

pu
la

ti
on

m
ig

ra
ti

on
s;

lo
ss

of
pr

op
er

ty
In

cr
ea

se
d

in
ci

de
nc

e
of

ex
tr

em
e

hi
gh

se
a

le
ve

l
(e

xc
lu

de
s

ts
un

am
is

)c

L
ik

el
yd

S
al

in
is

at
io

n
of

ir
ri

ga
ti

on
w

at
er

,
es

tu
ar

ie
s

an
d

fr
es

h-
w

at
er

sy
st

em
s

D
ec

re
as

ed
fr

es
h-

w
at

er
av

ai
la

bi
li

ty
du

e
to

sa
lt

w
at

er
in

tr
us

io
n

In
cr

ea
se

d
ri

sk
of

de
at

hs
an

d
in

ju
ri

es
by

dr
ow

ni
ng

in
fl

oo
ds

;
m

ig
ra

ti
on

-r
el

at
ed

he
al

th
ef

fe
ct

s

C
os

ts
of

co
as

ta
l

pr
ot

ec
ti

on
ve

rs
us

co
st

s
of

la
nd

-u
se

re
lo

ca
ti

on
;

po
te

nt
ia

l
fo

r
m

ov
em

en
t

of
po

pu
la

ti
on

s
an

d
in

fr
as

tr
uc

tu
re

;
al

so
se

e
tr

op
ic

al
cy

cl
on

es
ab

ov
e

E
xa

m
pl

es
of

po
ss

ib
le

im
pa

ct
s

of
cl

im
at

e
ch

an
ge

du
e

to
ch

an
ge

s
in

ex
tr

em
e

w
ea

th
er

an
d

cl
im

at
e

ev
en

ts
,b

as
ed

on
pr

oj
ec

ti
on

s
to

th
e

m
id

-
to

la
te

21
st

ce
nt

ur
y.

T
he

se
do

no
t

ta
ke

in
to

ac
co

un
t

an
y

ch
an

ge
s

or
de

ve
lo

pm
en

ts
in

ad
ap

ti
ve

ca
pa

ci
ty

.T
he

li
ke

li
ho

od
es

ti
m

at
es

in
co

lu
m

n
tw

o
re

la
te

to
th

e
ph

en
om

en
a

li
st

ed
in

co
lu

m
n

on
e.

a
S

ee
W

or
ki

ng
G

ro
up

I
T

ab
le

3.
7

fo
r

fu
rt

he
r

de
ta

il
s

re
ga

rd
in

g
de

fi
ni

ti
on

s
b

W
ar

m
in

g
of

th
e

m
os

t
ex

tr
em

e
da

ys
an

d
ni

gh
ts

ea
ch

ye
ar

c
E

xt
re

m
e

hi
gh

se
a

le
ve

ld
ep

en
ds

on
av

er
ag

e
se

a
le

ve
la

nd
on

re
gi

on
al

w
ea

th
er

sy
st

em
s.

It
is

de
fi

ne
d

as
th

e
hi

gh
es

t1
%

of
ho

ur
ly

va
lu

es
of

ob
se

rv
ed

se
a

le
ve

l
at

a
st

at
io

nf
or

a
gi

ve
n

re
fe

re
nc

e
pe

ri
od

d
In

al
ls

ce
na

ri
os

,t
he

pr
oj

ec
te

d
gl

ob
al

av
er

ag
e

se
a

le
ve

l
at

21
00

is
hi

gh
er

th
an

in
th

e
re

fe
re

nc
e

pe
ri

od
.T

he
ef

fe
ct

of
ch

an
ge

s
in

re
gi

on
al

w
ea

th
er

sy
st

em
s

on
se

a
le

ve
le

xt
re

m
es

ha
s

no
t

be
en

as
se

ss
ed

R
ep

ri
nt

ed
w

it
h

pe
rm

is
si

on
fr

om
S

ol
om

on
et

al
.

(2
00

7)
,

T
ab

le
S

P
M

.3
,

G
en

ev
a,

S
w

it
ze

rl
an

d

Climate Change and Human Health 147



their levels (from melting land-based glaciers) and potentially altering the flow of
their currents. The weather patterns that result from these and other changes vary
greatly from place to place, and over short periods of time, emphasize the
importance of climate variability. For these reasons, the term climate change is
more accurate than global warming and is the accepted term for these phenomena.

Accordingly, the accelerating temperature changes noted above have been
correlated with the Earth system changes. Since 1961, sea level has risen on
average by approximately 2 mm per year (Solomon et al. 2007), and snow cover
and glaciers have diminished in both hemispheres. Most striking is the extent to
which the Arctic ice cap has melted in the past 30 years. These trends are forecast
to continue. According to the IPCC, in 90 years sea level will rise between 18 and
59 cm. Extremes of the hydrologic cycle (e.g., floods and droughts) are also
expected to accompany global warming trends.

2 Impacts of Climate-Driven Environmental Change
on Human Health

The relationships between human health and environmental changes due to climate
change have been reviewed extensively elsewhere (McMichael et al. 2006; Patz
et al. 2000, 2005) and are summarized in Fig. 3. Direct effects from a warming
climate have been shown in several studies on the correlation between heat waves
and excess mortality (Curriero et al. 2002). Natural disasters such as floods,
droughts, and intense storms have claimed millions of lives during the past two
decades, and affected many more physically, mentally, or through the loss of
property or livelihoods (International Federation of Red Cross 1998). Further, the
IPCC’s midrange sea level rise projections (a 40-cm rise by the 2080s) will put
200 million people at risk for a range of health problems including displacement,
salt water intrusion into fresh water aquifers, or disruption of stormwater drainage
and sewage disposal (IPCC 2007). Warmer temperatures are likely to affect air
quality through changes in ozone concentrations, a known pulmonary irritant
associated with pneumonia, chronic obstructive pulmonary disease, asthma, and
premature mortality (Ebi and McGregor 2008). In addition, extensive research
suggests that climate change will influence aeroallergens and related human
allergic disorders through changes in pollen season (Beggs 2004; Ziska et al.
2011). Nutrition and food security will also be affected through changes in crop
yields, unreliability of supplies, and impacts on prices (Battisti and Naylor 2009;
Schmidhuber and Tubiello 2007).

Food- and waterborne diseases are likely to become a greater problem as cli-
mate changes. For example, flooding can contaminate drinking or recreational
water with pollution from sewage lines or agricultural fields (Lipp et al. 2001;
Thomas et al. 2006). Heavy rainfall can overwhelm sewage systems and treatment
plants, which then discharge excess wastewater directly into surface water bodies
(Patz et al. 2008).
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Disease outbreaks from most waterborne pathogens are distinctly seasonal and
cluster in key watersheds (Curriero et al. 2001). There is strong evidence that links
incidence of waterborne outbreaks from pathogens such as Cryptosporidium
(MacKenzie et al. 1994), Escherichia coli 0157:H7 (Hrudey et al. 2003), and
Campylobacter jejuni (Hrudey et al. 2003) following heavy rains. Storm events of
[3 inches of rainfall within 24 h can overwhelm combined sewer systems and
lead to an overflow that contaminates recreational and drinking water sources (Patz
et al. 2008). For example, levels of E. coli in channels leading from Milwaukee to
Lake Michigan can be up to ten times higher in areas where there are no sewage
overflows (Fig. 4). Climate change is anticipated to increase the frequency of these
occurrences. Regional climate models, for example for the Great Lakes area of the
United States, show a 50–120 % increase in sewage overflow events by the end of
this century (Patz et al. 2008). This will pose increased hazards to drinking and
recreational water quality. In Peru, childhood diarrheal rates increased 200 %

Climate

change

(natural and

human-caused)

Moderating

infuences

Health efects

Temperature-related
illnesses and deaths

Extreme weather events-
related health effects

Air-pollution-related health
efects

Water- and foodborne
diseases

Vector- and rodentborne
diseases

Adaptation

measuresResearch

Regional

weather

changes

Heatwaves
Extreme weather
Temperature
Precipitation

Air-pollution

levels

Contamination

pathways

Transmission

dynamics

Fig. 3 Potential health impacts of climate variability and change. Moderating influences include
non-climate factors that affect climate-related health outcomes, such as population growth and
demographic change, standards of living, access to health care, improvements in health care, and
public health infrastructure. Adaptation measures include actions to reduce risks of adverse health
outcomes, such as vaccination programs, disease surveillance, monitoring, use of protective
technologies (e.g., air conditioning, pesticides, water filtration/treatment), use of climate forecasts
and development of weather warning systems, emergency management and disaster preparedness
programs and public education. Reproduced with persmission from Patz et al. (2000)
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during the 1997–1998 El Nino episode, likely due to higher survival time of
diarrhea-causing pathogens in combination with an increase in warm-weather
behavior such as higher demand for water and less conscientious hygiene practices
(Checkley et al. 2000) (Fig. 5). The worldwide average for diarrheal diseases in
the future is projected to rise 20 % for the period 2040–2069 and 29 % for 2070–
2099 (Kolstad and Johansson 2011).

The relationship between foodborne outbreaks and temperature has been shown
for several pathogens and in a variety of geographic settings (Bentham and
Langford 2001; Lake et al. 2009; Zhang et al. 2007). For example, (D’Souza et al.
2004) showed that increases in salmonellosis notifications in five Australian cities
were related to a rise in the mean temperature in the previous month. Heat con-
tributed to an estimated 30 % of cases of salmonellosis in much of continental
Europe, especially when temperatures exceeded a threshold of 6 �C above average
(Kovats et al. 2004). A recent re-evaluation of foodborne illness over time in
England and Wales confirmed the correlation with temperature in the current and
previous week. The study discusses the importance of lowering pathogen loads in
livestock through vaccinations of chicken flocks, limits on antibiotic use in cattle
to retard development of resistant strains, and improvement of hygiene practices in
abattoirs as methods to help curtail foodborne outbreaks (Lake et al. 2009).

Fig. 4 Levels of E. coli in the Milwaukee Estuary and rain events in channels leading to Lake
Michigan with and without combined sewer overflow (CSO) systems. Levels of E. coli in the
Milwaukee estuary, which discharges to Lake Michigan, 2001–2007, during base flow (n = 46);
following rain events with no CSO (n = 70); and following CSO events (n = 54). Boxes indicate
75 % of values, with median values drawn in each. Whiskers are 95 % of values and outliers are
shown as closed circles. There were significant differences in E. coli levels following rainfall and
CSOs compared to base flow (p 2 0.05). Reproduced with permission from Patz et al. (2008)
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3 Drawing Connections: Discovering the Links Between
Ecological and Evolutionary Responses to Climate Change
and Human Health

Research on climate change impacts on biological systems is a rich field of study
with origins in the late eighteenth and early nineteenth centuries when (Bumpus
1899) documented the effects of an extreme winter storm on the selection of body
size in house sparrows (Passer domesticus) and (Grinnell 1917) observed the role
of temperature in defining the geographic range of many species (Parmesan 2006).
More recent studies on geographic range shifts have benefited from long-term
observational records of many species taken by dedicated naturalists, for example,
Aldo Leopold’s observations on the timing of spring events on a Wisconsin
farm (Bradley et al. 1999; Parmesan 2006). The IPCC has documented long-term

Fig. 5 Daily time series between Jan 1, 1993 and Nov 15, 1998, for admissions for diarrhoea,
mean ambient temperature and relative humidity in Lima, Peru. Shaded area = 1997–98 El Niño
event. Reproduced with permission from Checkley et al. (2000)

Climate Change and Human Health 151



studies of biologic responses to climate change on every continent (Fig. 6). Less
well studied are the cascading relationships between climatic shifts, adaptation,
alteration, or extinction of biota, and their resultant impacts on human health. One
reason for this lack of continuity may be the dearth of multisystem, multidisci-
plinary research studies on climate change impacts, and the propensity to simplify
complex issues by carving out small, more manageable pieces of the puzzle for
investigation. Although highly detailed, system-specific information on biological
impacts of climate change are necessary, integration of these biologic studies into
a larger ecological web of effects will make them more relevant and useful than
treating them in isolation. It is here that we begin to draw connections between
species responses to climate change and human health and demonstrate areas in
which biology, veterinary medicine, and public health overlap.

3.1 Modifications in Vector, Reservoir, and Pathogen Lifecycles

Vector-borne diseases are one of the most studied health challenges of climate
change (Table 2). These are diseases that are transferred to humans or among
humans by an arthropod vector. The potential relationship between climate and

Fig. 6 Locations at which systematic long-term studies meet stringent criteria documenting
recent temperature-related regional climate change impacts on physical and biological systems.
Hydrology, glacial retreat and sea-ice data represent decadal to century trends. Terrestrial and
marine ecosystem data represent trends of at least two decades. Remote-sensing studies cover
large areas. Data are for single or multiple impacts that are consistent with known mechanisms of
physical/biological system responses to observed regional temperature-related changes. For
reported impacts spanning large areas, a representative location on the map was selected.
Reproduced with permission from Kovats et al. (2001, Figure TS-11)
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zoonotic diseases, that is, those that spread from animals to humans, is less well
studied, although many of the same principles apply to diseases transmitted to
humans from both invertebrate and vertebrate animals Mills et al. (2010).
Prevailing scientific evidence suggests that there are three primary mechanisms
through which climate change can affect vector-borne and zoonotic diseases:
(i) geographic range shifts of vectors or reservoirs; (ii) changes in rates of
development, survival, and reproduction of vectors, reservoirs, and the pathogens
that they carry; and (iii) changes in biting rates of infected vectors or the preva-
lence of infection in reservoir or vector populations, which affects the likelihood of
transmission resulting from contact with a human (Kovats et al. 2001; Mills et al.
2010; Reiter 2001). Several important vector-borne and zoonotic diseases
(including their pathogen, etiologic agent, vector, and vertebrate host) that are
likely to be affected by climate change are reviewed more extensively below and
in (Mills et al. 2010).

3.1.1 Geographic Range Shifts

A study by Rogers and Randolph (2000) modeled the predicted changes in
Plasmodium falciparum malaria, the most severe form of the disease, under a
range of climate scenarios used by the IPCC (HadCM2). Their study was an
improvement over previous models, which had based their predictions largely on
temperature and rainfall in order to highlight areas suitable for both vector and
pathogen development, that is, areas where parasite development occurs rapidly
enough to be completed before the vector dies, with bounds defined by habitats
suitable for the mosquito. Starting with the present-day distribution of malaria,
Rogers and Randolph used a statistical approach to predict disease distribution
based on temperature, precipitation, and saturation vapor pressure. Under the
‘‘medium–high’’ scenario, they predicted that 23 million more people would be at
risk for malaria by 2050. In contrast, under the ‘‘high’’ scenario (higher mean
temperatures), they saw a decrease in exposure of 25 million people. Their findings
emphasize the unpredictability of malaria incidence and the possibility of a shift in
range rather than an expansion of areas suitable for malaria transmission (Ostfeld
2009).

3.1.2 Vector, Reservoir, and Pathogen Population Dynamics

The populations of vectors, reservoirs, and the pathogens they carry are highly
sensitive to climate. There are numerous examples of vector population dynamics
in relation to climatic factors. A study of Ixodes ricinus, the vector of tick-borne
encephalitis and Lyme disease among others, found a 10-fold increase in nymphal
activity in spring after unusually high temperatures during the previous summer
resulted in faster development of the eggs from that birthing season (Gray 2008). In
Brazil, researchers found that the annual incidence of visceral leishmaniasis dips in
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the year following El Niño and then increases in the second year after El Niño
(Franke et al. 2002). They hypothesize that this pattern is due to extended drought
conditions during El Niño that lead to a decrease in vector density and subsequent
decline in herd immunity followed by a rainy season that triggers an increase in
both vector density and infection rate in a high-risk population (Franke et al. 2002).
Mosquito populations are affected by precipitation, particularly during breeding,
although the impact of changes in rainfall varies by vector species and local
landscape characteristics. For example, mosquitoes such as Anopheles gambiae that
breed in small water pools will be more affected by rainfall than An. funestus, which
prefer to breed on edges of larger, more stable water bodies (Gage et al. 2008).
Another study found that the relationship between precipitation and malaria inci-
dence is positive in upland regions of the Brazilian Amazon, but this relationship
reverses along the Amazon river where a 14 cm increase in monthly rainfall can
lead to an 80 % decrease in monthly malaria incidence, presumably due to mos-
quito habitats being washed out by the heavy rains (Olson et al. 2009) (Fig. 7).

Survivorship and reproduction of vertebrate host populations can also be
affected by climate-related events. Unusually high temperatures in Australia during
the summer of 2002 killed over 3,500 flying foxes (Pteropus spp), and at least 18
similar temperature-related die-offs among flying foxes have been recorded in
Eastern Australia since 1994 (Welbergen et al. 2008). Long-term hantavirus
pulmonary syndrome (HPS) studies in the Southwestern United States have doc-
umented consistent patterns between El Niño-related precipitation and the popu-
lation of the deer mouse reservoir (Peromyscus maniculatus) (Glass et al. 2000;
Mills et al. 1999; Yates et al. 2002). The ‘‘trophic cascade hypothesis’’ maintains
that increased El Niño fall–spring precipitation leads to increases in primary
productivity, including vegetation habitat and food resources for deer mice. This
increase in resources triggers an increase in deer mouse population density, a direct
correlate with increased risk of human infection (Yates et al. 2002).

There are numerous examples of temperature-dependent pathogen develop-
ment. The extrinsic incubation period of dengue virus—the interval between the
acquisition of the infectious agent by its vector and the time when the vector can
transmit the infection—was shown to decrease from 12 to 7 days when the
incubation temperature of the mosquito vectors was increased from B30 to 32–
35 �C (Watts et al. 1987). Similar results have been found for Western equine
encephalomyelitis and St. Louis encephalitis (Reisen et al. 2000), West Nile virus
(Reisen et al. 2006), and malaria (Noden et al. 1995).

3.1.3 Pathogen Load of Host and Changes in Transmission Behavior

Temperature and rainfall can affect the pathogen load carried by hosts through a
variety of mechanisms. Looking again at HPS, researchers observed an inverse
relationship between deer mouse population density and reservoir antibody
prevalence when examining temporal data. Successful breeding seasons (spurred
by increased precipitation) resulted in populations with a high proportion of
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uninfected juvenile mice (Mills et al. 1999). Although the high population density
led to an increase in the rate of virus transmission, the overall prevalence of the
virus in the population remained low because of the continual addition of young,
uninfected juvenile mice. However, at the end of the breeding season in late
summer, the proportion of young, uninfected mice in the population began to
decline as the mice aged and became infected with hantavirus through contact with
other mice. The result is that reservoir population density and prevalence of
infection are asynchronous. This is referred to as ‘‘delayed density-dependent
prevalence’’ (Fig. 8) (Mills et al. 1999). An alternative pathway that links envi-
ronmental extremes to host infection intensity is through increased stress within a
host population. The result can be a decrease in immune response and a higher
probably of infection or higher pathogen load within hosts (Mills et al. 2010).

Fig. 7 Precipitation and land cover interactions on malaria risk in the Amazon Basin.
Connection of malaria incidence and precipitation risk ratios to wetlands. a Percentage of
wetlands in Amazon Basin counties (shades of blue), counties without wetlands data (orange),
and counties with \80 total malaria cases (gray). Wetland colors correspond to percentage
wetland values in panel D. b Risk ratios for malaria incidence for 1 SD (&14 cm) change in
monthly precipitation (January 1996–December 1999), plotted at each county seat of
government; c spatially smoothed risk ratios for &14-cm changes in monthly precipitation. In
both panels, red shaded squares show reduced risk for &14-cm increase in monthly precipitation;
blue shaded squares show increased risk for malaria with increased precipitation. d Boxplot of
risk ratios for malaria incidence for &14-cm changes in monthly precipitation, by percentage
wetland cover. Box width is proportional to the number of counties in each box. Error bars
indicate interquartile ranges, and thick horizontal bars indicate the median. Reproduced with
permission from Olson et al. (2009)
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Similarly, there is evidence of viral recrudescence, or reactivation of viral repli-
cation, in human viral diseases (Halford et al. 1996; Mehta et al. 2004), likely due
to stress-related immunosuppression (Kuenzi et al. 2005; Mehta et al. 2004).
Similar viral activity could occur in zoonotic reservoir populations (Mills et al.
2010). Temperature has also been shown to effect arthropod biting rates (Catalá
1991; Patz et al. 1998; Semenza and Menne 2009). Whether through an increased
pathogen load in vectors and reservoirs or a change in transmission behavior of
vectors, climate-related factors increase the likelihood of pathogen transmission
from wildlife to humans for a variety of diseases.

Fig. 8 Explanation seasonal changes in hantavirus prevalence, rodent host population density,
and population age structure due to delayed-density-dependent prevalence. A hypothetical
schematic of seasonal changes in hantavirus prevalence, rodent host population density and
population age structure. In the first autumn, after a normal breeding season, the high density
population consists primarily of young not exposed to the virus or recently exposed before
development of antibody. Because of deaths in winter, populations decrease to a spring nadir.
However, antibody prevalence is high in this population of overwintered adults exposed during
the previous breeding season or during winter communal huddling. Unusually favorable
conditions during the following spring and summer (first horizontal bar) result in higher
population density the second fall, and the increased influx of young of the year (juvenile dilution
effect) results in an even lower antibody prevalence than the previous fall. A typical winter results
in a high number of winter deaths and a typical low density spring population, but seroprevalence
the second spring is higher because of increased opportunities for transmission events in the high
density population of the previous fall. The second extended favorable season (second horizontal
bar) leads again to high population density and low seroprevalence in autumn. The reservoir
population of the third spring demonstrates high antibody prevalence, because of high rates of
exposure during the ‘‘crowded’’ conditions of the previous fall, and unusually high population
density, because of extended breeding and high overwinter survival. Depending on environmental
conditions, the population may abruptly ‘‘crash’’ (if it has exceeded the carrying capacity of the
environment) or might continue to increase (e.g., if growing conditions the previous spring and
summer resulted in abundant food supplies, such as a mast crop of acorns or pinyon nuts).
Reproduced with permission from Mills et al. 1999)
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3.2 Diseases of Domestic and Wild Animals and Plants

Many parallels can be drawn between the impact of climate change on the human
diseases discussed above and the likely effect of environmental changes on dis-
eases of livestock. Bluetongue virus, a disease transmitted by Culicoides midges,
has had devastating effects on livestock throughout Africa, the Middle East, Asia,
Australia, the United States, and the Mediterranean. In 2006, the disease spread to
Central Europe for the first time (Mehlhorn et al. 2007) through an interplay of
factors that included an expansion of the range of the primary Culicodes vector,
temperature dependence of virus replication in the vector (Wittmann et al. 2002),
and overlap with a new Culicodes species whose range extended 800 km further
North than outbreaks had previously been reported (Purse et al. 2005).

The prevalence of parasitical infections of livestock is also subject to envi-
ronmental changes. The liver fluke trematode (Fasciola hepatica) is endemic to
Great Britain. (Gale et al. 2009) have identified a confluence of climate-related
factors that could affect the prevalence of infection in both sheep and cattle via
effects on the parasite, the intermediate host (a snail), and movement of livestock.
For example, there is evidence of the liver fluke’s ability to adapt to environmental
conditions that has enabled them to persist at high altitudes in Bolivia following
introduction from Europe (Mas-Coma et al. 2001). Mild winters and high summer
rainfall facilitate survival of the intermediate host in regions of Great Britain that
have previously been too dry for the snails (Pritchard et al. 2005). Changes in land
use and farming practices due to flooding or poor pasture as a result of changing
climate may promote transmission of the fluke between cattle and sheep, thereby
increasing the frequency of infection transmission among livestock (Gale et al.
2009). There are clear links among livestock health, food safety, and the economic
cost of agricultural outbreaks (Paarlberg et al. 2008). These effects can be even
more pervasive in regions where animals provide protein, transportation, fuel and
clothing, as well as support agricultural labor.

An example of how meteorological information has been used to monitor
livestock disease outbreaks is the use of climate and satellite data to predict Rift
Valley fever (RVF) in East Africa. RVF is a viral disease that affects domestic
animals and humans and is spread by several mosquito species, some of which can
transmit the virus directly to their offspring (Linthicum et al. 1999). The rela-
tionship between RVF outbreaks and heavy rains that create mosquito breeding
sites is well established (Linthicum et al. 1985). Researchers thought that if they
could find environmental measurements that are associated with rainfall in East
Africa, and that are continually monitored via satellite, they could use these data to
forecast RVF outbreaks. They found that when they combined data on equatorial
Pacific and Indian Ocean sea-surface temperatures with anomalies in the
normalized difference vegetation index (NDVI measures the presence of green
vegetation), they would have been able to predict previous RVF outbreaks
1–2 months before viral activity was detected. Continuous environmental moni-
toring of high-risk areas could trigger livestock vaccination campaigns or
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insecticidal treatment of known mosquito habitats that could curtail future out-
breaks (Linthicum et al. 1999).

Historically, the importance of wildlife diseases has been tied to the threat they
pose to human health or livestock (Daszak et al. 2000). Although the diseases cited
below are highly unlikely to spill over from wildlife to humans and are less well
known than major human pandemics such as cholera, influenza, and smallpox, the
implications for human health and well-being are no less significant.

The protozoan parasite, Ophryocystis elektroscirrha has been found in North
American monarch butterflies and Danaus gilippus, the Florida queen butterfly
(Altizer et al. 2000). The parasites form dormant spores in the distal third of the
adult butterfly abdomen, and heavy parasite loads make it difficult for adult
butterflies to open their wings (Leong et al. 1992). As a result, heavily infected
adults may die shortly after emergence. Studies have demonstrated the role of
migration in lowering the parasite prevalence in butterflies and others have
delineated the potential consequences of warming temperature if these migratory
species were able to live in one location year-round. (Pascual and Bouma 2009).
The role of butterflies as pollinators is widely appreciated but severely under-
studied (Allen-Wardell et al. 1998). In addition, monarch butterflies make a
spectacular, long-distance migration between Mexico and the United States that
can involve up to four generations per annual cycle (Brower 1996; Kremen and
Ricketts 2000). The regional impacts of a disturbance in this pollinator species are
unknown (Allen-Wardell et al. 1998).

Chytridiomycosis is a disease of amphibians that is caused by a fungus,
Batrachochytrium. The fungus feeds on keratin, grows on amphibian skin, and has
been implicated in widespread extinctions (Pounds et al. 2006). The links between
the spread of the chytrid fungus and climate change have been hotly debated
(Carey and Alexander 2003; Pounds et al. 2006; Rohr et al. 2008). Recent evi-
dence suggests that unpredictable changes in temperatures decrease frog resistance
to B. dendrobatidis (Raffel et al. 2012). (Kiesecker et al. 2012) argue that pin-
pointing the causes of these epizootics, or epidemics in animal populations, can be
the key to preventing similar outbreaks in human populations. Amphibians are
particularly sensitive to environmental changes and thus may be an early warning
of outbreaks in human and other animal populations.

Natural resources are an essential ‘‘life-support’’ system for public health, and
threats to them affect the long-term sustainability of the human population
(McMichael and Beaglehole 2000). For example, massive die-offs of several
species of oaks (Quercus spp.) have been reported across the Mediterranean region
since the early 1980s (Brasier 1996). By 1991, the extent of the decline was
revealed in a study of the tree population in Parque Natural de Alcornacales (Cork
Oak National Park) in Andalucia, Spain. In the 100,000 ha of oak cover in the
park, there were 265 foci where over half the oaks were dead or dying (Brasier
1996). Root excavations of dead trees discovered Phytophthora cinnamomi
(Brasier 1996), a microscopic soil-borne fungus, and one of the world’s most
destructive plant pathogens. The fungus requires moisture and warmth to survive,
and increased plant stress due to drought may make oaks more susceptible to
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infection. Indeed, both P. cinnamomi infection and drought have been associated
with most oak declines in the Mediterranean (Brasier 1996). Projections of
P. cinnamomi activity and range forecast considerable expansion across Europe
with a 1.5 �C increase in annual minimum and maximum temperature (Brasier
1996), a conservative estimate of future warming trends (IPCC 2007). The oak
forests of Central Europe are a major renewable timber source (Brasier 1996).
They also provide fuel and cork, and are components of traditional agroforestry
systems in Spain and Portugal (Brasier 1996).

3.3 Disruption of Synchrony Between Interacting Species

Plants and animals have behavior patterns in response to seasonal environmental
suitability; for example, they reproduce when they know that food abundance will
peak or migrate when food becomes scarce. The study of these life cycle events in
relation to seasonal climate variation is phenology. When we reflect on how cli-
mate change affects these systems, it is important to realize that the phenology of
each trophic level is distinct: insects, plants, and vertebrates each have unique
mechanisms that drive their behavior (Visser and Both 2005). However, the
activity of one species is often dependent on the behavior of other species in the
food chain, and only through natural selection have species evolved a seasonal
synchrony that enables them to continue to exist (Visser et al. 2004). When various
species respond differently to changes in climate, the result can be a desynchro-
nization, or decoupling, of seasonal activities (Visser et al. 2004).

One of the best-studied phenology systems is that of an oak (Quercus robur),
the Winter Moth (Opheroptera brumata), and the Great Tit (Parus major)
(Cresswell and Mccleery 2003; Visser et al. 1998). The Great Tit lays its eggs to
match the peak abundance of caterpillars that nourish its newly hatched young. In
one Great Tit population, the birds did not advance their laying date to match the
changes in the caterpillar biomass phenology (Visser et al. 1998), while in another
they advanced it too much (Cresswell and Mccleery 2003) (Fig. 9).

Avian migration is another complex phenological process that requires birds to
time their migration to match food abundance at their departure location, stopover
sites, and overwintering and breeding destinations (Visser and Both 2005). Visser
and Both (2005) provide numerous examples of decoupling of migratory bird
species movements from the phenology of their main prey, including the pied
flycatcher (Ficedula hypoleuca), Bewick’s swan (Cygnus columbianus bewickii),
and the American robin (Turdus migratorius). American robins are important
amplification hosts for West Nile virus (WNV) because they are a highly preferred
blood meal source for Culex mosquitoes, the vector of the disease Kilpatrick et al.
(2006). Robins have been duly named ‘‘super spreaders’’ of WNV in the United
States Kilpatrick et al. (2006). Further research showed that a rise in human WNV
infections coincided with periods of robin dispersal and migration that led to a
sevenfold shift in Culex mosquito feeding preferences from birds to humans
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Kilpatrick et al. (2006). Understanding how environmental changes will affect
phenological synchrony of pathogen hosts and vector feeding preferences will be
essential information for preventing human zoonotic transmission.

Similar examples of phenological shifts in freshwater systems have been
observed where the timing of the diatom phytoplankton bloom has advanced by
27 days over the past four decades, but of the two species of zooplankton that feed
on these diatoms, only one has shifted its timing (Winder and Schindler 2004). The
result has been a long-term decline in Daphnia zooplankton (the nonshifting
species), which may have severe consequences for the aquatic ecosystem (Winder
and Schindler 2004). Field studies of plant/pollinator asynchrony have been linked
to population crashes and extinctions (Parmesan 2006) with clear implications for
human food and natural resources. A scenario that might result from species’
differential responses to climate change is the creation of new ecological

Fig. 9 Climate change induced reproductive mistiming in Dutch Great Tits. A graphical
representation of reproductive mistiming due to climate change in Dutch great tits: left panels prior
and right panel is during climate change. Top panels represent the frequencies of (from left to
right) laying dates hatching dates, and fledging dates. The need for food for the chicks in the nest is
indicated with a solid line. Laying dates have not changed under climate change. Lower panels
represent the biomass of defoliating caterpillar (main prey for the nestlings) availability: initially
low as there are many, but very small, caterpillars, then a peak at the time when there are large
caterpillars, followed by a decline when caterpillars start to pupate and are no longer available as
prey. The peak date in caterpillar biomass shifts to an earlier date due to climate change, and there
is no longer synchronisation between the time the nestlings are fed and maximum food abundance:
the population is mistimed. Below the lower panels the environments of decision-making and
selection are indicated. Reproduced with permission from Visser et al. (2004)
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combinations that could provide opportunities for disease emergence (Gale et al.
2009). Changes in food sources and the presence of species in new places at
different times of the year may put wildlife in contact with novel ecological
companions that could result in unexpected consequences.

3.4 Trophic Cascades

A trophic cascade defines the concept that links top predators in a food chain to the
vegetative biomass at the bottom. When you remove the top predator in a system, a
population cascade is triggered: the species in the next trophic level increases, the
food source below that species decreases and so on down the food web. In contrast,
if you remove the primary producers at the bottom of the food chain, moving up
the chain there will be a reduction in the population of each species.

The impact of climate change on the extent of sea ice melt is well documented
(IPCC 2007). Data since 1978 show average annual Arctic sea ice area has
declined by 2.7 (2.1–3.3) % per decade, with decreases of 7.4 (5.0–9.8) % in
summer (IPCC 2007). Atkinson et al. (Atkinson et al. 2004) combined net sam-
pling data on Antarctic krill from 1926 to 2003 to demonstrate the effect of sea ice
coverage on krill populations. Controlling for populations of top-down predator
and bottom-up resources, they found temporal links between summer krill density
and the extent of winter sea ice the year before, perhaps mediated by supporting
larval overwintering (Fig. 10). Krill have an enormous role in the entire Arctic
ecosystem as one of the primary food sources for penguins, albatrosses, seals, and

Fig. 10 The relationship between winter sea ice extent and summer krill density. Annual mean
density of krill across the SW Atlantic versus a sea-ice duration (that is, days of fast ice observed
at the South Orkneys the previous winter) and b the mean September latitude of 15 % ice cover
along a transect across the western Scotia Sea. Regression identified one outlier season (1924,
open circle) with exceptionally long ice duration and only 24 net stations, so for the remaining
years log10 (no. krill m-2) = 0.49 + 0.0040 (sea-ice duration, days) R2 = 0.21, P = 0.006, n = 35.
Log10(no. krill m-2) = 14 + 0.21 (sea ice latitude, degrees) R2 = 0.21, P = 0.02, n = 25.
Reproduced with permission from Atkinson et al. (2004)
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whales (Atkinson et al. 2004). Consequently, the status of krill is critical for
humans who rely on Arctic fauna for their food and livelihood (Fig. 10).

In the Southwestern United States, researchers have found similar climate-
induced cascades. Stone et al. (2010) studied the response of the arthropod
community to drought stress of the pinyon pine (Pinus edulis). They worked in
O’Neil Crater, a 55,000-year-old cinder cone with an area less than 1 km2. Recent
drought in the crater killed over half of the pine population and left behind pines
on a continuum of health that could be measured by needle retention, the growth
rate of the tree, and branch dieback. When they assessed the association between
arthropod communities on the pines and the stress level of the trees, they found
that both species abundance and richness of the arthropods decreased as the stress
level of the pines increased. Over the long term, climate models project a con-
siderable decrease in the range of the pinyon pine, a particularly drought-sensitive
species, over the next 80 years (Rehfeldt et al. 2006). Based on their findings in
O’Neil Crater, Stone et al. (Stone et al. 2010) suggest that increasing stress levels
of the pinyon pine, a common tree across the United States, will likely result in a
significant loss of arthropod diversity, with probable cascade effects on species that
feed on these insects.

3.5 Alteration or Destruction of Habitat

The majority of emerging infectious diseases are zoonotic, jumping into humans
from wildlife reservoirs (Jones et al. 2008), and the role of shrinking wildlife habitat
has been implicated as a common causal theme for emerging infections
(Daszak et al. 2000). Climate change will have dramatic impacts on many habitats,
including coral reefs (Hoegh-Guldberg et al. 2007). The primary threat to these
reefs is the acidification of the ocean. As CO2 increases, more carbon enters the
ocean and reacts to form carbonic acid. As the acid dissociates, it forms bicarbonate
ions and protons that react with carbonate ions and decrease the carbonate available
in the ocean for the process of calcification that rebuilds coral (Hoegh-Guldberg
et al. 2007). Fungi (Alker et al. 2001) and bacteria (Kushmaro et al. 1998) that show
increased growth at warmer temperatures will also affect coral health as sea
temperatures rise. Coral reef decline will have enormous consequences for fisheries
(Wilson et al. 2010) and the 2.6 billion people who rely on fish for over 20 % of
their protein diet (Brunner et al. 2009).

Warm water and nitrogen favor blooms of marine algae, including two groups,
dinoflagellates and diatoms, which can release toxins into the marine environment.
These harmful algal blooms (HABs)—also known as red tides—can cause acute
paralytic, diarrheic, and amnesic poisoning in humans, as well as extensive die-
offs of fish, shellfish, and marine mammals and birds that depend on the marine
food web. Over the past three decades, the frequency and global distribution of
HABs appear to have increased, and more human intoxication from algal sources
has occurred (Van Dolah 2000). For example, during the 1987 El Niño, a bloom of
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Gymnodinium breve, previously confined to the Gulf of Mexico, extended
Northward after warm Gulf Stream water reached far up the U.S. East Coast, and
resulted in human neurologic poisonings from shellfish and in substantial fish kills
(Tester et al. 1991). Similarly that year, an outbreak of amnesic shellfish poisoning
occurred on Prince Edward Island when warm eddies of the Gulf Stream neared
the shore and heavy rains increased nutrient-rich runoff (Hallegraeff 1993).

Modeling in the Netherlands predicts that by the year 2100, a 4 �C increase in
summer temperatures in combination with water column stratification would
double growth rates of several species of HABs in the North Sea (Peperzak 2005).
Biotoxins associated with warmer waters also include ciguatera, which could
extend its range to higher latitudes. An association has been found between
ciguatera (fish poisoning) and sea surface temperature in some Pacific Islands
(Hales et al. 1999).

Some bacteria, especially Vibrio species, also proliferate in warm marine waters.
Copepods (or zooplankton), which feed on algae, can serve as reservoirs for Vibrio
cholerae and other enteric pathogens. For example, in Bangladesh, cholera follows
seasonal warming of sea surface temperatures, which can enhance plankton blooms
(Colwell 1996). Other Vibrio species have expanded in Northern Atlantic waters in
association with warm water (Thompson et al. 2004). For example, in 2004 an
outbreak of V. parahaemolyticus shellfish poisoning was reported from Prince
William Sound in Alaska (McLaughlin et al. 2005). This pathogenic species of
vibrio had not previously been isolated from Alaskan shellfish due to cold Alaskan
waters (McLaughlin et al. 2005). What could have caused the expanded range?
Water temperatures during in the 2004 shellfish harvest remained above 15o C and
mean water temperatures were significantly higher than the previous 6 years
(McLaughlin et al. 2005). Such evidence suggests the potential for warming sea
surface temperatures to increase the geographic range of shellfish poisoning and
Vibrio infections into temperate and even arctic zones.

The observed effect of climate change on terrestrial habitats has also been
documented. A recent study in Southwestern Colorado has linked climate-driven
forest diebacks in the Southwest with the spread of hantavirus, caused by Sin
Nombre virus (SNV) (Lehmer et al. 2012). Sudden aspen decline (SAD) is a
phenomenon that has been reported in Arizona (fairweather 2008) and Southern
Utah since 2002 (Ohms 2003) and Colorado since 2004 (Worrall et al. 2008) and is
characterized by rapid mortality of a mature aspen (Populus tremuloides) over-
story without subsequent regeneration (Worrall et al. 2010). The primary cause of
SAD is thought to be drought events followed by invasion by insects and disease
such as the aspen bark beetle (Trypophleus populi) and Cytospora cancer (Valsa
sordida) that attack stressed trees (Worrall et al. 2010).

Lehmer et al. (2012) compared understory plant community structure, small
mammal community composition, and SNV prevalence in the small mammal
community across the gradient of SAD intensity. They found that in sites with the
highest levels of SAD, there was reduced canopy cover, which lead to an increase
in understory standing biomass but a decrease in diverse understory microhabitats.
When the forest canopy opens up, early successional vegetation that grows well in
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open/dry conditions forms a dense ground cover that precludes establishment of
other types of plants. The diversity in small mammal species was also lowest
in high SAD sites, likely owing to the lack of diversity in vegetative cover.
A common consequence of habitat disturbance and fragmentation is a shift in
small mammal community composition toward dominance by generalist species
(Lehmer et al. 2012; Suzán et al. 2009), which is exactly what Lehmer et al. (2012)
found in their study sites. The abundance of deer mice (Peromyscus maniculatus),
the natural SNV reservoir, was highest in sites where aspen death was highest. The
prevalence of SNV was also highest in the most disturbed habitats. SNV is spread
between deer mice through transfer of bodily fluids, likely as a result of aggressive
interactions, such as biting (Calisher et al. 2007). It is likely that the increased
density of deer mice may result in higher contact rates among mice, although the
time lag for this relationship has not been established (Lehmer et al. 2012).

In summary, the SAD–SNV system shows how a subtle change in temperature
and precipitation can lead to successively more severe changes in understory
vegetation cover, small mammal community composition, and ultimately to
prevalence of a lethal human virus in the wildlife reservoir (Lehmer et al. 2012).
This process, referred to as trophic amplification, where interactions across trophic
levels can intensify the effects of climate change (Kirby and Beaugrand 2009;
Lehmer et al. 2012) highlights the need to understand the interconnected responses
of ecosystems, wildlife, and humans to environmental changes in order to prevent
harmful impacts on human health.

4 Summary

Understanding the impacts of climate change on human health from a One Health
perspective requires working forwards and backwards to connect the species
involved in the ecological web linking environmental changes to human health.
Climate change has already had a profound effect on biological systems world-
wide, and these impacts will be felt by the human population through a variety of
mechanisms including: modifications in vector, reservoir, and pathogen lifecycles,
and impacts on wildlife and plant diseases, disruptions of synchrony between
interacting species, trophic cascades, and alteration or destruction of habitat. Each
species responds to environmental changes differently, and in order to predict the
movement of disease through ecosystems, we have to rely on expertise from the
fields of veterinary, medical, and public health; and these health professionals must
take into account the dynamic nature of ecosystems in a changing climate. Rapid
environmental changes brought on by climate change intensify the importance of
collaborative research and policy-making in order to protect the health of people,
animals, and the environment.
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Operationalizing One Health: Stone
Mountain and Beyond

Carol S. Rubin

Abstract Although the interconnection of humans, animals, and ecosystems has
been recognized historically, increasing specialization of professionals in the
twentieth century led to decreased communication and collaboration among sec-
tors. In early 2000, a One Health vision of global interconnectedness began
gaining in popularity and a series of meetings were held extolling the One Health
vision. However, by 2009, detractors were claiming that the One Health approach
was indeed all vision and no action. In response to this, international organizations
sponsored a carefully planned and structured meeting to construct a way forward
that would lead to tangible outcomes. The Stone Mountain meeting, Operation-
alizing ‘‘One Health’’: A Policy Perspective—Taking Stock and Shaping an
Implementation Roadmap led to the formation of seven multi-national work
groups with defined timelines and outputs. The process has garnered increasing
participation and support, and the work groups are on track to demonstrate the
value added of a One Health approach.
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1 Introduction

In the spring of 2010, a conference entitled Operationalizing ‘‘One Health’’: A
Policy Perspective—Taking Stock and Shaping an Implementation Roadmap was
held in Stone Mountain, GA. The international impact of the meeting has been
substantial. Whether due to serendipitous timing, careful planning and execution,
or the endorsement of essential organizations, the Stone Mountain Meeting (SMM)
marked a pivotal point in moving from One Health rhetoric to definitive action
steps.

This paper documents the impetus for the meeting, the process that facilitated
success and the follow-up activities that the meeting spawned.

2 Progression from Vision to Implementation

In September 2004, a group of strategic thinkers met in New York City and
formulated 12 Manhattan Principles that called for the international community to
adopt a holistic approach to combat ‘‘threats to the health of life on earth’’ under a
banner of One World, One HealthTM (http://www.hltm.org/docs/HLTM_Twelve_
Manhattan_Principles.pdf). These Principles identified priorities for leaders and
scientists to adopt when faced with the global reality of emerging and re-emerging
infectious diseases. Priorities included: recognizing the connections between
human, domestic animal, and wildlife health; forming collaborative relationships
that foster integration of human and animal surveillance networks; and investing in
a mechanism to raise awareness among policy-makers in order to ‘‘improve
prospects for a healthier planet’’.

The Manhattan Principles provided the vision of a more functional approach to
protecting human health during an age of increasing global connectivity. And,
indeed, many visionaries accepted the mantle and emerged as spokespersons who
articulated the necessity of the One Health approach (http://www.oneworldone
health.org/sept2004/presentations/eve_foege.html, http://www.oneworldonehealth.
org/nov2004/pdfs/newcomb.pdf, http://www.localactionglobalhealth.org/Portals/0/
Convergence%20-%20Minnesota%20-%20May%2014%20-%202008%20-%20
LONNIE%20KING%20-%20One%20World%20One%20Health%20-%20Presen-
tation.pdf). This was not always an easy sell as most health practitioners functioned
within their individual disciplines and were not familiar or comfortable with
engaging new colleagues with differing institutional mandates. The strongest

174 C. S. Rubin

http://www.hltm.org/docs/HLTM_Twelve_Manhattan_Principles.pdf
http://www.hltm.org/docs/HLTM_Twelve_Manhattan_Principles.pdf
http://www.oneworldonehealth.org/sept2004/presentations/eve_foege.html
http://www.oneworldonehealth.org/sept2004/presentations/eve_foege.html
http://www.oneworldonehealth.org/nov2004/pdfs/newcomb.pdf
http://www.oneworldonehealth.org/nov2004/pdfs/newcomb.pdf
http://www.localactionglobalhealth.org/Portals/0/Convergence%20-%20Minnesota%20-%20May%2014%20-%202008%20-%20LONNIE%20KING%20-%20One%20World%20One%20Health%20-%20Presentation.pdf
http://www.localactionglobalhealth.org/Portals/0/Convergence%20-%20Minnesota%20-%20May%2014%20-%202008%20-%20LONNIE%20KING%20-%20One%20World%20One%20Health%20-%20Presentation.pdf
http://www.localactionglobalhealth.org/Portals/0/Convergence%20-%20Minnesota%20-%20May%2014%20-%202008%20-%20LONNIE%20KING%20-%20One%20World%20One%20Health%20-%20Presentation.pdf
http://www.localactionglobalhealth.org/Portals/0/Convergence%20-%20Minnesota%20-%20May%2014%20-%202008%20-%20LONNIE%20KING%20-%20One%20World%20One%20Health%20-%20Presentation.pdf


advocates originated from animal health sectors, (http://www.avma.org/onehealth/
onehealth_final.pdf), although endorsements also came from established human
health organizations such as the American Medical Association (http://
www.avma.org/onlnews/javma/aug07/070801b.asp) and the American Society of
Microbiology (http://asm.org/asm/images/pdf/AtlasPresentation.pdf).

2.1 Series of Donor Meetings and Progression of Investment
in One Health

In 2007, the Interministerial Conference on Avian and Pandemic Influenza
(IMCAPI) was held in New Delhi, India. The importance of cross-sector collab-
oration as essential to pandemic preparedness was enthusiastically endorsed during
that meeting. Given the global anxiety surrounding Highly Pathogenic Avian
Influenza (HPAI) H5N1 and the availability of funding for pandemic preparedness,
the One Health movement acquired an even larger following, and visionary One
Health advocates were met with an expanded audience. Within a short period of
time, momentum for a One Health approach was promoted by a series of high-
profile national and international meetings that extolled vision but seldom led to
action items.

In preparation for IMCAPI 2008 in Sharm-El-Sheikh, Egypt, an international
forum was supported by the United Nations Food and Agriculture Orgnization
(FAO), the World Organization for Animal Health (OIE), the World Health
Organization (WHO), United Nations System Influenza Coordination (UNSIC),
United Nations Children’s Fund (UNICEF), and the World Bank (WB). This
forum developed a Strategic Framework for Reducing Risks of Infectious Diseases
at the Animal-Human-Ecosystems Interface (http://un-influenza.org/files/OWOH_
14Oct08.pdf). The resulting strategy document described the necessity of building
upon HPAI H5N1 preparedness to include all emerging infectious diseases, and
focused on diseases at the animal, human, and ecosystem interface. This strategic
framework was presented at the Sharm-El-Sheikh meeting and a One Health
approach was formally endorsed in the meeting summary (http://www.oie.int/doc/
ged/D5894.PDF).

2.2 Winnipeg Meeting: The Tipping Point

During the Sharm-El-Sheikh meeting, Public Health Agency of Canada’s (PHAC),
Centre for Food borne, Environmental and Zoonotic Infectious Diseases (CFE-
ZID) offered to host an Expert Consultation to further discuss the strategic
framework. The PHAC meeting, One World One HealthTM: from ideas to action,
was convened in Manitoba from March 16 to 19, 2009 and brought together almost
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200 subject matter experts from 23 countries who shared successes, challenges,
and barriers to a One Health approach. Specific recommendations from this
meeting included: fostering political will; supporting partnerships and collabora-
tion; encouraging data sharing and integration; building capacity; developing
communication strategies and plans; providing incentives for reporting adverse
events; encouraging stakeholder and community engagement; and developing
supra-country approaches (http://www.phac-aspc.gc.ca/publicat/2009/er-rc/pdf/er-
rc-eng.pdf). The meeting summary reads like an action plan, but no tangible
follow-up activity was specifically delegated. The bottom-line is that participants
went home without assignments, and thus none of the recommendations received
coordinated attention.

Three related and impelling events occurred in the months following the
Winnipeg conclave. Shortly after the meeting, H1N1 (p2009) emerged globally
and reinforced the reality that an influenza virus could surreptitiously jump from
animals to humans, and subsequently transverse the globe in a matter of weeks to
months. Then, in April 2010, the third IMCAPI meeting was held in Hanoi (http://
un-influenza.org/node/4040). The declaration that emerged from this IMCAPI
called for a global recognition of the need to ‘‘better understand the emergence of
disease threats at the animal-human-environment interface through multi-sector
actions, and to develop appropriate and sustainable means to reduce such threats’’.
And finally, later in April 2010, FAO, OIE, and WHO released A Tripartite
Concept Note reinforcing their organization’s collaborative intent to combat
pathogens at the interface between animal, human, and ecosystem health (http://
www.oie.int/fileadmin/Home/eng/Current_Scientific_Issues/docs/pdf/FINAL_CO-
NCEPT_NOTE_Hanoi.pdf).

The succession of high-level meetings and endorsements provided essential
defining concepts and objectives; unfortunately, the final outcomes were excellent
meeting reports that described actionable steps but did not proscribe responsibility
for follow-up. Detractors as well as concerned proponents of the One Health
approach voiced the possibility that ‘‘One Health’’ was perhaps just an amorphous
concept whose shelf life was expiring.

3 The Stone Mountain Meeting

Recognizing the need for a strategy to move One Health forward toward action
steps, leaders from OIE, WHO, and FAO who had participated in the New Delhi,
Sharm-El-Sheikh and Winnipeg meetings approached the Centers for Disease
Control and Prevention (CDC) requesting that CDC act as the neutral convener of
a meeting that would lead to tangible outcomes. The first crucial step was to
evaluate previous meetings and consultations, in particular the Winnipeg meeting,
to identify why high-level participation, inspiring discussion, and well-written
reports had failed to engender action steps.
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During discussions with conveners and attendees of the Winnipeg meeting,
several impediments to action as well as successful components of the meeting
were identified. Impediments to action included the lack of a consensus definition
for One Health, the excessive size of the meeting, and the predominance of
attendees from the animal health community. Winnipeg, like earlier meetings,
invited representatives from many sectors, including public health, food protec-
tion, ecosystem health, climate change, and both wildlife and domestic animal
representatives. Quite understandably, each of these groups came with their own
concept of how One Health should be defined. It is to note that the timing of the
Winnipeg meeting coincided with a general belief that in order to be successful, it
was necessary that an all-encompassing and uniformly endorsed definition of ‘‘One
Health’’ be identified. Many participants related that they felt that, despite what the
agenda said, discussion frequently devolved to debating a consensus definition.

The size of the Winnipeg meeting was also reported to be problematic for both
planners and attendees.Despite intentions to limit the participation to 60, a com-
pelling draft agenda attracted the attention of highly qualified subject matter experts
and the invitee list eventually approached 150 people. This increase in participation
also tipped the balance toward a majority of attendees coming from the animal
health sector. An imbalance in representation may have led to reiterations of pre-
vious discussions and renewals of the existing collaborations rather than formation
of innovative alliances. Strengths of the meeting included the use of a strong
facilitator who was thoroughly briefed and familiar with the topic (http://
conversart.com/) as well as an agenda that allowed sufficient time for working
break-out sessions.

After reviewing the lessons learned, the core planning committee decided to move
forward with a carefully planned and structured meeting to construct a way forward
that would lead to tangible outcomes. The meeting, Operationalizing ‘‘One Health’’:
A Policy Perspective—Taking Stock and Shaping an Implementation Roadmap was
scheduled for May 4–6, 2010 in Stone Mountain, Georgia, USA.

3.1 Structure of the Meeting

The core planning committee pledged to attend weekly conference calls that would
adhere to strict agenda items and to distribute assigned action items within 24 h.
Decisions included goals and objectives for the upcoming meeting, choice of
venue, criteria for identifying participants, as well as defining the agenda and
obligations for follow through after the meeting adjourned. Of critical importance,
the proposed meeting was anchored to the following overview premise:

The concept of ‘‘One Health’’ is broad and flexible, as it is intended to encompass the
many facets of the relationships among human, animals, and the ecosystems in which they
co-exist and interact. In this way, varying detailed interpretations of the scopes of this
concept may be put forth according to specific need.
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The discussion at this meeting will focus on defining the actions and policies needed to
implement a ‘‘One Health’’ approach. In the context of this meeting, ‘‘One Health’’
represents the inter-sectoral collaborative approach necessary to prevent, detect and
control emerging, and re-emerging infectious diseases that exist at the animal-human-
ecosystems interface. (cite)

By setting this premise, the planning committee overcame the distracting issue
of debating the definition of One Health during the meeting. That discussion was
essentially declared to be ‘off the table’.

Four meeting objectives were identified:

1. Create a shared view of success for One Health.
2. Take stock of the progress to date in terms of leading practices related to One

Health and the policy decisions and financial commitments necessary to support
sustainability and expansion.

3. Develop an engagement strategy for key stakeholders to promote One Health.
4. Identify key operational opportunities and barriers to the implementation of

‘‘One Health’’ and develop strategies to address them.

The Evergreen Marriott Conference Resort (http://www.marriott.com/hotels/
travel/atleg-evergreen-marriott-conference-resort/) location was chosen, because it
provides a remote setting that cloisters participants and encourages ongoing dialog
that spills past the meeting agenda. In addition, the dates identified by the planning
committee coincided with a limited number of rooms being available. This detail
restricted the number of participants to a maximum of 54, thereby overcoming the
impediment of inflated participation that was identified during review of the
Winnipeg meeting. The attendee list was defined by category of subject matter
expertise (i.e., human health, wildlife, domestic animal, economist, and plant
health) and geographical representation, but not organizational representation.
Definition of invitees by category deliberately conveyed that no single individual
was essential to the success of the meeting; the key to moving forward was the
balance in areas of expertise created by the attendees. Each organization repre-
sented on the core planning committee was assigned a number of attendee slots
that it could fill. However, before any invitation was extended, the credentials of
that candidate were reviewed, debated, and approved by the entire committee. No
invitee was allowed to self-select a replacement. A selection criteria grid mandated
that animal, human, and ecosystem health were equitably represented. It is of note
that no one on the planning committee knew everyone on the invitee list, and thus
it was not simply the same group of people getting together (Fig. 1).

3.2 Outcomes

Early in the SMM, the facilitator challenged participants to focus on short-term
goals rather than long-term vision and asked for definition of what success would
look like in 3–5 years. The participants agreed that progress toward the One Health
vision would be achieved if the following actions were undertaken:
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• Initiate culture change manifesting as mutual respect and communication across
professions.

• Increase visibility of the One Health approach as adding value.
• Win over political will and funding by demonstrating that One Health can

increase impact, especially during periods of finite funding sources.
• Improve coordination and collaboration among sectors for surveillance, out-

break response, and data/sample sharing.

The facilitator further challenged the attendees to identify tangible, results
oriented, outcome driven, and practical steps to achieve these short-term goals.
The group nominated 21 ‘‘enabling initiatives’’ that would provide positive
movement toward the short-term goals and seven of these were selected as most
essential: One Health Training; Proof of Concept; Business Plan; Country Level
Needs Assessment; Capacity Building; Information Clearing House; and One
Health Global Network. Each of these initiatives translated into a Work Group
devised to survive the SMM, and near the end of the meeting participants were
invited to sign up for membership, and to volunteer for leadership, in a Work
Group. Often, at such a juncture, meeting participants politely exit the conference
venue. However, at the end of the SMM, every participant signed up to volunteer
their time and energy to carry the process forward.

During the final session of the meeting, the Work Groups met to designate co-
chairs, draft objectives and deliverables, compose a timeline, and define when the
group would next convene. Each Work Group presented this information to the
other participants for comment before the SMM adjourned.

Fig. 1 Map showing geographical distribution of Stone Mountain meeting attendees (note that a
single starred location may represent several attendees)
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4 SMM On-going Activities

After the meeting ended, an initial short summary report was quickly prepared,
reviewed for accuracy, and then widely posted on the Internet (http://
www.cdc.gov/onehealth/pdf/atlanta/brief_overview.pdf). This action was fol-
lowed by publication of a longer and more comprehensive description of the initial
goals and objectives of each Work Group www.cdc.gov/onehealth. The co-chairs
represent seven different nationalities and each comes from a different agency,
organization, or university.

As of spring 2012, all of the Work Groups remain active and productive. Two
of the groups, Information Clearing House and One Health Global Network,
recognized that the synergy of their activities would be maximized if they com-
bined efforts. Thus, the Information Clearing House Work Group was incorporated
into the One Health Global Network Work Group. Each Work Group meets
independently, primarily by conference call but occasionally in person, and all of
the Work Group co-chairs participate in a bi-monthly conference call. CDC
facilitates the publication of periodic newsletters summarizing overall Work
Group accomplishments, ongoing activities, and specific products from individual
Work Groups http://www.cdc.gov/onehealth/pdf/workgroups/newsletter-june-
2011.pdf. Selected examples of accomplishments include: the Proof of Concept
Work Group conducted an extensive literature review to identify peer-reviewed
manuscripts that demonstrate the added value of intervention studies that incor-
porate animal, human, and environmental health sectors; group summarized their
findings in a paper that is currently undergoing clearance. This Work Group has
also put out a call for project proposals describing limited scope intervention
studies in international settings. The In-Country One Health Self-Assessment
Work Group worked with contractors to develop self-assessment guidance docu-
ment that was reviewed by an expert panel at an April, 2011 workshop; Volume 1
focusing on background and rationale has been completed and Volume 2 focusing
on inter-sectoral collaboration is undergoing an additional round of revision. The
next step, in collaboration with the Capacity Building Work Group, is to pilot the
guidance both in North America (United States and Canada) as well as
internationally.

4.1 Expanding Participation

Deliberately limiting attendance at the SMM was deemed essential to achieving its
action-oriented goals. However, it was also recognized that the exclusion of
accomplished scientists with much to contribute may have inadvertently led to the
perception that the SMM process was exclusionary and not representative of the
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larger One Health community of interest. To foster transparency and garner
involvement from a wider array of subject matter experts, the planning committee
and the Work Group chairs took every opportunity to present information about
the SMM in both formal and informal venues. At the same time, Work Group
chairs and Work Group members reached out to colleagues and invited them to
join Work Groups, even though they had not attended the seminal SMM. This led
to many additional members being added to all of the Work Groups; the Training
Work Group expanded from 21 to 52 members.

4.2 Funding to Support Follow-Up

Formation of the Work Groups did not come with dedicated funding nor is there
any compensation for the co-chairs; time devoted to this project is in addition to
member’s ongoing professional obligations. Nonetheless, each Work Group has
been creative in its ability to identify funds to cover meetings, consultancies, and
reports. For example, The Business Plan Work Group has allied with the Uni-
versity of Georgia Terry College of Business, where Masters of Business
Administration students help develop a national One Health business plan. To
facilitate the process, the US Department of Agriculture finances an intern to
devote additional time to the project. Other Work Groups have sought and
received funding from World Bank, US Department of State, FAO, and OIE.

4.3 Coordination with Parallel One Health activities

The SMM was held at a critical juncture that preceded an explosion of compli-
mentary activities originating in other sectors, and all of the Work Groups have
prioritized coordination with those other activities rather than any duplication of
efforts or competing outputs. For example, the US Agency for International
Development Emerging Pandemic Threats (EPT) program RESPOND component
is actively working on core competencies and training materials to ensure that
future response to outbreaks is coordinated with a One Health approach. At the
same time, the University of Minnesota has received funding from the Rockefeller
Foundation to look at One Health competencies and curriculum development.
Prior to both of these activities, the SMM Training Work Group was developing an
online catalog of the existing courses at various institutions. The catalog is being
cross-walked with a listing of core competencies. Leadership from these com-
plementary activities are communicating, thus enhancing the value added of the
final products.
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5 Conclusion: Shifting Paradigms

Some human and animal health practitioners speculate that the current promotion
of a One Health approach is simply a return to simpler times when communication
and collaboration among disciplines was routine practice that has been inadver-
tently and perhaps temporarily supplanted by twentieth century specialization
(Greaves 2002). Indeed, during the past century there has been an explosion of
scientific knowledge that has fostered a separation of human and animal health
sectors (Starr 1982). Needless to say, many collaborative relationships persisted
but for the most part collaboration was accomplished on a topic-specific basis. The
current global movement of people, animals, products, and pathogens demands a
holistic approach to surveillance and response to disease emergence and changing
ecosystems that is much more than a return to an earlier version of One Health
(Cutler 2010; Lloyd-Smith 2009; Feingold 2010).

In his 1962 publication The Structure of Scientific Revolutions (Kuhn 1962),
Thomas Kuhn used the term paradigm to refer to a set of practices that define a
scientific discipline during a specified period of time. He said that a paradigm shift
occurs when scientists encounter anomalies which cannot be handled using the
prevailing paradigm. He went on to say if there were enough significant anomalies
then a crisis would ensue and a new paradigm would need to be generated. The
prevailing paradigm for disease control and prevention has not facilitated or
promoted coordination among animal, human, and ecosystem sectors. This para-
digm was repeatedly tested when the global community was presented with
‘anomalies’ such as HIV, SARS, and Highly Pathogenic Avian Influenza H5N1.
Response to these challenges would have been optimized if there had been
coordinated surveillance, response and intervention among human, animal, and
environmental health sectors. This lack of overall coordination may have consti-
tuted Kuhn’s definition of a crisis, and thus provided the basis for consideration of
a twenty-first century One Health paradigm. According to Kuhn, the new paradigm
is not just a gradual refinement of the old. Rather, it requires deliberate changes in
the way scientists approach problems such as emerging pathogens.

It took several years and a series of international meetings to recognize the need
and provide the vision for a shift toward a One Health paradigm. The timing is
right for moving from One Health rhetoric to definitive action steps and the SMM
process and ongoing Work Group activities are critical in this process.

The findings and conclusions in this report are those of the author and do not
necessarily represent the official position of the US Centers for Disease Control
and Prevention.
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Abstract The rapid global spread of diseases such as SARS, H5N1, and H1N1
influenza has emphasized the pressing need for trans-disciplinary collaboration
and cross-border action, and has also exposed a serious deficit of capacity and
coordination in dealing effectively with emerging disease threats. The need for
capacity development is particularly acute in the developing world, which is the
least well-equipped to respond adequately. Such capacity development can be
achieved through education and the implementation of applied ‘One Health’
activities. This chapter describes the establishment of a ‘One Health’ capacity
development program in South Asia, consisting of two phases. The first phase
provides Masters level training for public health doctors and veterinarians, with a
focus on epidemiology, and disease control. The second phase reinforces the
postgraduate training by establishing a sustainable framework for the implemen-
tation of collaborative ‘One Health’ activities such as the development of multi-
disciplinary professional networks, implementation of applied zoonotic disease
investigation projects, and support for continuing professional development. The
objectives are to provide individual skills required to strengthen capacity; to
develop an appreciation of the cross-cutting issues which affect human and animal
health, set within an institutional context; and to facilitate the development of
regional professional networks which will be instrumental in implementing ‘One
Health’ activities.
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1 Introduction

The emergence and spread of major infectious diseases have caused substantial
damage to the global economy, while also posing large challenges for public
health and disease control authorities (Jones et al. 2008; King et al. 2006; Morens
et al. 2004). New infections are more likely to emerge from animal populations
than from human populations, and tend to have lower host specificity than
established infections. The majority of all emerging human infections are zoonotic
(75 % according to Taylor et al. (2001); 60 % according to Jones et al. (2008).
There is evidence that the rate of emergence is increasing (Jones et al. 2008): this
has been attributed to the escalating interdependency among humans, animals, and
the environment, as evidenced by the multiplicity of drivers which have been
associated with this trend. These include increased contact rates among human and
animal populations, population growth, habitat degradation, climate change,
intensification of livestock production, international travel, heightened public
awareness, increased animal movements, and trade (Conrad et al. 2009; Osburn
et al. 2009; Sherman 2010; Coker et al. 2011; Zinsstag et al. 2011). Furthermore,
international trade in live animals and food products contributes to the rapid global
spread of zoonotic threats (Fisman and Laupland 2010).

Inevitably, new human and animal pathogens will continue to emerge in the
years to come (Woolhouse et al. 2011). The ability to detect and respond ade-
quately to emerging infectious disease threats, in terms of ‘on the ground’
expertise and capacity as well as human and physical resources, is most con-
strained in the developing world; paradoxically, this is where the likelihood of
such disease emergence is the greatest (Jones et al. 2008). In addition, a significant
health issue faced by many developing countries is the persistent high incidence of
zoonotic diseases, some of which are considered to be neglected (Anon 2006), and
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some (such as leptospirosis) are also classified as emerging. Control of these
endemic zoonoses has been limited by the lack of integrated application of
effective control measures in both animal and human populations (Okello et al.
2011; Sekar et al. 2011).

Resources must be made available to adequately prepare and remain vigilant for
the emergence of new diseases (King et al. 2006), and to manage endemic zoo-
noses (Okello et al. 2011). In the wake of the emergence of HPAI and the pan-
demic H1N1 influenza strain, there has been a large investment in research,
physical resources, and facilities, surveillance, preparedness, and contingency
planning for pandemic disease outbreaks. There has also been a large investment
in training (Salman 2009); however, the effectiveness of such training for the
development of capacity has been constrained by several factors. Training courses
tended to be of short duration (days to weeks), which limited the scope and depth
that could be covered by such courses. In addition, courses included different
participants, and there was considerable variability in the subject matter covered,
as well as in the scope, and depth of coverage. Thirdly, there was a lack of
assessment of participants’ achievement levels, which made it difficult to gage the
level of competence attained by the trainees. Opportunities for integrated, coher-
ent, and long-term in-region training remain limited, or insufficiently targeted.

The Centers for Disease Control (CDC) meeting held in May 2010 at Stone
Mountain, Operationalizing ‘One Health’: A Policy Perspective—Taking Stock and
Shaping an Implementation Roadmap, identified a set of ‘critical enabling initia-
tives’, selected training as its top priority (CDC 2010). The ‘investment in people’
represented by education is an essential complement to the investment in the
material requirements for preparing for emerging diseases, and effectuating a
response to zoonotic infections. In this context, the CDC has operated the Field
Epidemiology Training Program (FETP) since 1975 (Nsubuga et al. 2008; Rolle
et al. 2011), and has educated veterinarians through this program; more recently,
veterinary FETP programs have been initiated in South-East Asia, with a specific
‘One Health’ focus (Castellan 2011). This training is directed at field personnel who
represent the ‘first line of defence’; however, training is required at all levels,
including positions related to coordination and decision making (what was described
in the CDC Stone Mountain meeting as ‘One Health leaders’ (Rubin 2011).

The ‘One Health’ approach aspires to a joint design of disease investigation,
control, and management systems for emerging and endemic zoonotic diseases
(Kahn 2006), requiring integrated teams of veterinarians, and public health
professionals, both in operational, teams and in leadership roles. Effective collab-
oration involves building new relationships and respect for the roles and expertise
of professionals in different sectors (Anon 2008b). It is a truism that ‘One Health’
action begins with education and collaborative research (Conrad et al. 2009; Osburn
et al. 2009), the needs transcend training in one specific discipline or field of
specialty, and include cross-cutting issues such as zoonotic diseases, public health,
economics, risk assessment and surveillance, and policy development. Further-
more, the development of an enabling environment at institutional, national, and
regional levels is equally important for the sustainable implementation of
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‘One Health’ principles. Therefore, capacity development must target multiple
levels and work towards the development of sustainable in-country coordinating
mechanisms (Anon 2008b).

This chapter describes a two-phase education strategy to strengthen epidemi-
ology and biosecurity capacity in the South Asia region, in a framework that builds
the foundations for collaborative ‘One Health’ action. We discuss experience
gained from implementation of the first phase and early stages of the second phase
in a regional ‘One Health’ epidemiology and biosecurity capacity development
program in South Asia.

2 A ‘One Health’ Education Strategy in South Asia

This strategy has been developed to strengthen the epidemiology and biosecurity
capacity of animal and human health professionals and institutions that are
involved in the management of endemic and emerging zoonoses, and to build the
foundations for a ‘One Health’ approach to zoonotic disease control. A funda-
mental aspect of this ‘One Health’ education strategy is the involvement of both
public health and animal health professionals in both phases to build collaboration
between the two professions.

Phase 1 involves Masters degree training in epidemiology and biosecurity.
Objectives of this phase are to: (1) provide relevant training in epidemiology,
public health, and biosecurity; (2) build an awareness and understanding of the
‘One Health’ approach; (3) facilitate effective communication, collaboration, and
collegiality among participants with different professional backgrounds within
countries, as well as among countries; and (4) strengthen participants’ skills in
using computers and information and communication technologies.

Phase 2 further develops in-country and regional capacity in epidemiology and
biosecurity through regional workshops and by strengthening national institutions
that are directly or indirectly responsible for the control of zoonoses. The objec-
tives of Phase 2 are to:

1. Implement collaborative investigations of priority endemic zoonotic diseases in
each country involving cross-sectoral teams that effectively operationalize and
extend training acquired in Phase 1 to a wider pool of participants, and provide
information of value for the adjustment of national disease control policies and
enhancement of surveillance activities.

2. Build an operational foundation for multi-sectoral collaboration within and
between participating countries and provide a practical context for the provi-
sion of international expert assistance and specialized training to further
strengthen capacity at both national and regional levels.

3. Demonstrate at both national and regional levels the practical application of a
‘One Health’ approach that provides information of value to address national
and regional ‘One Health’ priorities.
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‘One Health’ Hubs (OHHs) provide a government-supported organizational and
operational framework for implementing Phase 2 of the ‘One Health’ program by,
acting as Centers of Excellence in epidemiology and biosecurity and supporting
collaborative networks and investigations of priority zoonoses.

Phase 1 and Phase 2 are integrated to create a transition from the degree of
training program into broader operational work that will extend involvement and
training in ‘One Health’ activities to a wider network of professional and scientific
personnel in the participating countries and throughout the region. This will
broaden capacity and contribute to establishing sustainable ‘One Health’ activities
and build momentum of the ‘One Health’ agenda in the region.

Massey University is implementing this strategy with the financial support of
the Avian and Human Influenza Facility (AHIF) trust fund (Anon 2007), admin-
istered by the World Bank. The beneficiary countries are Afghanistan, Bangladesh,
Bhutan, India, Nepal, Pakistan and Sri Lanka.

3 The Masters Degree Training Program

3.1 Demographics of the Student Cohort

Phase 1 of the South Asia epidemiology and biosecurity Masters degree program
commenced in May 2010, with enrollment of 70 postgraduate students from six of
the seven participating countries (Fig. 1). No participants were enrolled from
Bhutan due to a shortage of available professional staff at the time. All candidates
were identified through the donor’s (World Bank’s) national programs and Minis-
terial networks. The candidates were professionals with approved medical and
veterinary degrees and relevant experience in disease control activities. Comparable
numbers of medical and veterinary professionals were enrolled (34 and 36,
respectively). This included 12 women, from India, Nepal and Sri Lanka. Most
candidates held posts within the Ministries of Health or Agriculture or governmental
research institutes, at mid- to senior level; a number of candidates worked in aca-
demic, diagnostic, or clinical capacities. Several of these candidates had previously
obtained postgraduate qualifications, or performed epidemiology training. In con-
trast to training programs which aim to increase field-level capacity, this program
targeted professionals working at national and subnational levels.

3.2 Design and Structure of the Degrees

Two Master degrees were specifically established and developed for the purpose of
this training: a Master of Public Health (Biosecurity) and a Master of Veterinary
Medicine (Biosecurity). A key feature of this training program is that it was
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specifically designed for delivery by distance methods using Massey University’s
Internet-based Learning Management System (LMS). This was used to deliver the
majority of the course materials and instruction, which allowed candidates to
complete the degrees without leaving their day-to-day employment. This was
considered essential to avoid further depletion of already scarce in-country pro-
fessional capability.

Prior to University enrollment for these degrees, the nominated candidates
completed a preparatory course to familiarize the prospective students with the
LMS and provide essential information on the program. In addition, it was useful
as a benchmarking exercise to assess the capabilities of the candidates, particularly
in English language competency and computing skills. Subsequent to this course,

Fig. 1 Student demographic (countries of origin, gender, and degree) of the first cohort of
students from the South Asia region (n = 70). The sizes of the pie charts are proportional to the
numbers of students
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an inception workshop was organized in Singapore. This was an opportunity for
the candidates and the program team to meet in person, to present the scope and
objectives of the program, and to discuss expectations and requirements.

The degree programs consisted of eight courses which were taken consecutively
(see Fig. 2). The courses were run over a 6-week period at an average of 20 study
hours per week. The first four courses provided a foundation in epidemiology and
public health, and were required to be taken by all candidates in a single learning

Fig. 2 Program structure of the ‘One Health’ MVM/MPH (Biosecurity) degrees. All courses
were taken sequentially. Double-bordered boxes represent face-to-face events. Candidates
completing only the foundation courses were awarded a Postgraduate Certificate in Science;
candidates completing all courses were awarded the relevant Master degree. Remediation was
given to candidates requiring it
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environment: this was considered critical to achieving the ‘One Health’ objective.
The remaining four courses in each degree addressed specialized topics related to
human or animal health to recognize different professional competencies and
requirements, and were taken only by the public health doctors or veterinarians,
respectively. All courses were delivered online except the fourth foundation
course, which had a small online component, but was primarily organized as a
face-to-face study conference. As this formed the midpoint of the degree, it also
presented a valuable opportunity to assess participants’ progress, and prepare for
the specialty courses.

The curricula were specifically tailored to be appropriate for the target student
demographic; to cover health issues of regional relevance; to include current and
cutting-edge scientific knowledge, principles, and understanding; and to make the
fullest use of the scientific literature and other learning resources. Two elementary
considerations determined the teaching model and methods of instruction. Firstly,
the prerequisite of developing a common terminology and understanding of epi-
demiology concepts (between candidates with different professional backgrounds
as well as between candidates from different countries and environments within
the South Asia region) resulted in a strong emphasis on effective communication
and collaboration. Secondly, the courses were designed following current ‘best
practice’ in pedagogical and distance education techniques, with an emphasis on
problem-based learning using case studies and examples. Skills such as searching
for, utilizing, and critically appraising the scientific literature and developing
technical reports were repeatedly practised. Likewise, small group activities
constantly reinforced communication, organization, and collaborative skills.

3.3 Training Delivery

The degree courses were delivered by research groups at Massey University
specializing in veterinary epidemiology (EpiCentre) and in public health (the
Center for Public Health Research, CPHR) between the period of June 2010 and
September 2011. In addition, a number of internationally recognized subject
experts made significant contributions to development of the course content and
study materials, as well as to the teaching of the courses. The face-to-face com-
ponent of the fourth foundation course (which was held in New Zealand in
December 2010) was structured as a study conference, at which eight international
experts presented plenary lectures and subsequently facilitated a related workshop.
As the foundation courses were developed and delivered conjointly by veterinary
and public health epidemiologists, they sought to give adequate coverage for both
MVM and MPH candidates.

All candidates were provided with a laptop to ensure and standardize computer
availability. No high-speed broadband connection was required, but access to the
Internet was essential due to the predominantly online delivery. The course content
was designed to be as bandwidth-efficient as possible, and use of data-intensive
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applications such as live video, streaming audio, and real-time communications
services was avoided.

Although use was made of three standard textbooks, few ‘off-the-shelf’ print-
based resources could be identified that independently gave adequate coverage (in
terms of relevance, scope, and applicability) of the course topics. For the ‘One
Health’ foundation courses, this was a consequence of the need for texts that
explicitly treated the subject matter in a unified way. The subsequent specialty
courses aimed to cover current concepts, approaches and techniques, and in
addition to provide content that was of direct relevance for the target audience. For
example, the course entitled ‘The Interface of Human and Animal Disease’
explored pertinent ecological and social factors in human and animal populations
that influence the spread of zoonotic disease, in addition to the more obvious
factors related to pathogen biology, host pathology and classical epidemiology, or
more traditional veterinary public health subjects. Massey University’s LMS,
which is based on the open-source Moodle platform (Moodle 2012), provided a
flexible and adaptable environment which could easily be designed to incorporate
content from multiple sources.

The courses were structured around a set of instructional objectives and
learning outcomes, which provided a framework that was fleshed out with web-
based content synthesized from multiple sources. The courses linked directly into
the Massey University library databases and e-journal collection, and the content
strategically drew upon the relevant scientific literature, other web-based resour-
ces, and the expertise and experience of the candidates themselves. The courses
frequently extended beyond strictly technical content to provide candidates with
additional skills and knowledge that were considered relevant, for instance drawn
from development studies (e.g., logical framework analysis for capacity devel-
opment) and social science applications (e.g., cognitive mapping, Bayesian belief
networks, and multi-criteria decision analysis to explore the concepts of risk and
uncertainty). The emphasis of the teaching was very much on application of
principles and techniques, and discussion of concepts and relevant case studies.
This was supported by the LMS, which provides a rich environment not only for
presenting web-based technical content, but for incorporating different activity-
based options and for facilitating communication and small-group work. Candi-
dates communicated using tools such as discussion forums, a messaging service,
wikis, and real-time chat. Other specialized software and web-based applications
were integrated at various points to enhance this environment, such as scenario-
based learning software, interactive Flash-based tools and risk analysis software.
The courses were intensively supported by teaching staff: each candidate had
access to an epidemiologically trained tutor for the duration of each course (with a
ratio of six to eight students per tutor), who played an important role in monitoring
of the students’ activities, as well as for encouraging and facilitating discussion.

As an illustrative example which demonstrates some of the above, a scenario-
based simulation exercise was developed within which students were required to
play the role of a senior epidemiologist, analyzing data and attempting to deter-
mine the cause of an unfolding zoonotic disease outbreak involving human and
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animal populations. The scenario was based on a real-world event, but details were
changed to prevent easy identification. This outbreak was presented in a series of
‘episodes’ that were developed using specialized e-learning software to present
storyboarded scenarios. These ‘episodes’ were strategically interspersed amongst
the teaching material; in each, students were confronted by a sequence of devel-
opments and required to react, to revise their hypotheses in response to the
evolving patterns in the outbreak and to recommend further investigation and/or
control measures. This was supplemented by a combination of group activities
including a vote on the putative cause, small-group discussion in forums and the
preparation of a report. Full disclosure of the outbreak followed in a face-to-face
presentation and discussion during the fourth foundation course. The objectives of
this exercise were to present a challenging and immersive learning experience, to
provide an authentic insight into the impact of the outbreak on people’s lives and
livelihoods, and to demonstrate the importance of trans-disciplinary ‘One Health’
collaboration.

Course assessment was performed using a variety of systems provided by the
LMS, and included coursework assignments (usually in essay format), lesson
schemas, and quizzes. The assignments, which made up the largest part of the
overall assessment, consisted of a combination of individual and group work.
Bespoke remediation and additional support was provided to students who
required special assistance or were unable to complete activities due to time
constraints or exceptional circumstances.

3.4 Outcomes

The attrition rate was low, with 66 of the 70 enrolled candidates receiving degrees.
A total of 59 students were awarded Masters degrees (28 MPH and 31 MVM).
Seven students who successfully completed the foundation courses but were
unable to complete the specialty courses were awarded Postgraduate Certificates in
Science. The remaining four students left the program or were unable to complete
the foundation courses.

The foundation and specialty courses alike were generally very positively
evaluated by the participants. From a total of 229 course evaluation questionnaires
submitted by the candidates across all 12 courses, a total of 37candidates rated the
courses as being excellent, 43 as very good, 20 as satisfactory, and 0 % as poor.
Total 98 % of the candidates felt the learning outcomes had been adequately
addressed. Approximately 90 % of the respondents considered the course content,
course activities and tutor guidance to be highly relevant or quite relevant, with no
differences between the foundation courses and specialty courses. The specialty
courses were considered more challenging than the foundation courses, both in
terms of the amount and the difficulty of content. This was consistent with the time
spent studying, with 56 % of the responses from the specialty courses indicating
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they spent more than 20 h/week studying versus 29 % for the foundation courses.
Participants tended to perform their studies in the evenings and weekends.

Aspects that were particularly appreciated included the collaborative nature of
the courses; the activities, which enabled direct application of the material and
which represented a different teaching model than most of the candidates were
familiar with; and face-to-face interaction during the workshop and study con-
ference. The enthusiasm with which the public health and veterinary cross-com-
munication occurred resulted in a growing spirit of collegiality and receptiveness
to collaboration which was truly ‘One Health’ in nature. This was enhanced by the
LMS, which not only facilitated the candidates’ increasing competence of the
technical aspects, but provided an effective platform for collaboration; it fostered a
sense of ‘community’ and reduced the feeling of isolation that could be experi-
enced by students studying at a distance. A valuable flow-on effect is that this
effectively initiated the linkages which will be further developed during the second
phase of the program (see below).

Aspects that were less positively evaluated included the restrictions in con-
nectivity and speed of the participants’ Internet connections, which affected can-
didates in several countries and limited the time that could be spent in the LMS.
While the participants can continue to access the online courses and materials, a
number of participants mentioned the lack of hard copy of study guides, readings
and the literature, and other course materials as a limitation. Many people strug-
gled to balance the study commitments with their daily workload. Finally, various
elements related to specific content or activities within the courses were negatively
evaluated by some individuals.

The general objectives of the training program were first and foremost to
provide relevant training in epidemiology, public health, and biosecurity. In the
block of foundation courses, the need to reconcile different priorities and focal
points of public health and veterinary epidemiology, and make decisions on how to
incorporate these into coherent subject matter that had relevance for the enrolled
public health professionals as well as veterinarians, gave rise to substantial dis-
cussion, and at times exposed differences in perception and approach. The program
aims to strike a balance of generic skills required by all, which are taught con-
currently to individuals working in public health and in animal health, in a single
teaching space, and specific skills required by the two professional disciplines.
This required careful consideration.

Developing and delivering the program in such a large and diverse geographical
region posed daunting challenges. Notwithstanding technology issues, a mix of
languages, cultures and competencies needed to be accommodated. The candi-
dates’ English language level was highly variable and at times hampered com-
munication. The diversity of the candidates’ professional backgrounds, experience,
prior learning levels, and level of seniority, while enriching discussion, influenced
their interaction; this was most evident during the online small-group activities,
which necessitated a degree of organization and coordination. From the perspec-
tive of the development team, a substantial challenge was to calibrate the courses
to accommodate the large variability of the candidates’ pre-knowledge, such that

Building a Foundation for ‘One Health’ 195



candidates with little knowledge could be brought up to the minimum level
required while simultaneously engaging and extending candidates that already
possessed some competence. Other challenges included deciding how much
content was required, and related to this, to what level the courses should be
taught; which methods of instructionand techniques in the LMS were most
effective (how to structure and ‘pace’ courses, how to present content and design
effective activities); and which methods of assessment most accurately assessed
the levels of proficiency acquired by the candidates. It was also difficult to develop
unified content to illustrate certain principles. For instance, the inclusion of case
studies as examples was considered a priority; however, it was frequently difficult
to identify public health and veterinary case studies which were equivalent. In
many cases, a single case study which best illustrated the matter in hand—whether
it pertained to human health or animal health—was used.

4 Applied Training in ‘One Health’ Hubs

The objective of Phase 2 is to build institutional capacity in epidemiology and
biosecurity in the seven beneficiary countries and in the South Asia region. The
focus of this phase shifts from teaching individuals within a university learning
environment to supporting collaborative ‘One Health’ activities and applied
training of a wider group of animal and public health professionals within a
framework that strengthens the government institutions directly or indirectly
responsible for diagnosis, preparedness, response, prevention, and control of
Highly Pathogenic Avian Influenza (HPAI) and other zoonoses. ‘One Health’
Hubs (OHHs) provide the organizational and operational framework for this
second phase and collaborative investigation projects provide the focus for applied
activities and further training supported by an international network of
epidemiologists.

Phase 2 includes participants from the Phase 1 training plus an expanded group
of new participants from all seven countries. The Phase 1 participants represent a
nucleus of professionals who have established relationships with each other, are
familiar with communicating and operating in an online environment, have
undergone epidemiology training to Masters degree level, understand the benefits
of a ‘One Health’ approach to managing zoonotic diseases, and are motivated to
apply these skills to real-world zoonotic disease problems in their countries.
A number of these people are in senior management positions or have links to
others in these positions, and can take a lead in establishing a government-sup-
ported organizational framework and program of activities for Phase 2.

196 W. D. Vink et al.



4.1 ‘One Health’ Hubs

A single OHH is proposed for each of the seven countries, each OHH comprising a
consortium of individuals and organizations that are directly or indirectly involved
in the management of zoonotic diseases in human and animal populations. The
OHHs are established with the Ministry of Health and the Ministry of Agriculture
or Livestock in each country as founding organizations, providing ministerial-level
endorsement (see Fig. 3). National and international organizations, including
government departments, donor agencies, nongovernmental organizations,
research institutes, universities, and zoonoses committees involved in the man-
agement and research of zoonoses, are affiliated to the OHHs, facilitating inte-
gration with existing national, regional, and international organizations that are
involved in the management of endemic and emerging zoonotic diseases. Indi-
vidual members include medical and veterinary epidemiologists plus other pro-
fessionals involved in policy, management, delivery and/or research associated
with the control of zoonoses. Each OHH will be co-coordinated by an animal
health and a public health member. Members will form multi-disciplinary project
teams to implement collaborative investigations of priority zoonotic diseases in
their country. The OHHs will expand and consolidate regional capacity in public

Fig. 3 Organizational structure of ‘One Health’ Hubs. The Co-coordinators consist of a public
health and an animal health professional
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health and epidemiology by functioning as Centers of Excellence, providing an
environment for further skills development through collaborative investigation
projects and specialized training supported by a network of international epi-
demiologists and disease experts to assist ongoing professional development of
participants.

The process for establishing OHHs and their program of activities recognizes
that one size does not fit all, with considerable variation among countries in
capacity, infrastructure, and experience in collaborative approaches to managing
zoonoses. The governments in all seven participating South Asia countries have
had some experience with establishing and operating collaborative organizations
and processes to prepare for and in some cases respond to HPAI outbreaks, pro-
viding a model for animal and public health collaboration to which senior public
health and animal health officials easily relate. Through this program lessons
learned from experience with HPAI are applied to extend intersectoral collabo-
ration to the investigation and management of other endemic zoonoses within the
OHH in each country. The aim is to establish OHHs that integrate with and support
the existing infrastructure and mechanisms for managing zoonoses within each
country and in the region.

OHHs will be connected to develop an informal regional ‘One Health’ network.
A major aim is for this network to act as a resource to strengthen the ability of the
South Asian Association for Regional Cooperation (SAARC) to manage national
and trans-boundary diseases issues, through support for sharing of information,
expertise and resources, internally as well as with regional and international
organizations such as the Food and Agriculture Organization, and the World Health
Organization.

4.2 Collaborative Investigation Projects

Epidemiology and biosecurity skills will be developed beyond the preceding
formal education through applied training of a wider group of professionals that is
centered around collaborative epidemiological investigations of priority zoonoses
in each country. The collaborative investigation projects (CIPs) provide a practical
context for extending cross-sectoral collaboration and further building national
expertise through the provision of international expert assistance and specialized
epidemiology training courses. The aims of the CIPs are to:

• Further, develop epidemiology skills by undertaking field-based investigations;
• Deliver information of value for the adjustment of national disease control

policies and enhancement of surveillance activities;
• Provide experience in implementing collaborative investigations and model the

benefits of this approach to enhancing the effectiveness of zoonotic disease
control programs.
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The CIPs are planned in consultation with the governments and other national
and regional stakeholders to ensure they focus on zoonoses of national importance
and integrate with existing project activities.

Each CIP will be implemented by a multi-disciplinary team with the support of
national and international expertise to broaden and strengthen the epidemiology
networks in each country and the region. Investigations in the animal and human
populations are integrated and designed to complement each other so that the
resulting information contributes more to effectively control than nonintegrated
epidemiological information from the respective populations. Zoonotic diseases
that are being investigated include: rabies (in 3 countries), brucellosis (in 3
countries), leptospirosis, anthrax (in 2 countries), and Crimean Congo Hemor-
rhagic Fever (CCHF).

Within the 2-year timeframe of the project, participants will be guided in taking
the information gained from the field-based investigations and other existing
information to recommend enhancements to control policy for the zoonoses of
concern. Investigation of the same disease in multiple countries facilitates regional
cooperation in investigation and control of these diseases, through sharing of
expertise and information. Where possible, participants will be encouraged and
supported to publish the results of their investigations and to present these at
regional and international meetings and conferences. Applied training courses will
be run within the region to enhance specialized epidemiology skills based on the
needs identified within countries.

4.3 HubNet

The OHH, CIPs, and extended training are underpinned by HubNet, a web-based
platform using state-of-the-art information technologies to provide tools for
communication, collaboration, resource-sharing and professional networking,
within and among the OHHs. The use of open-source software will enable HubNet
to be hosted and maintained in the region, and by the participating OHHs. This
will be facilitated by mentoring participants to work with the system to manage
their own OHH and CIP sites and other facilities for requesting and sharing
information to address disease-related problems that individual participants face.
The constraints in Internet access in some countries, with limited bandwidth and
intermittent power supply, are explicitly considered in the design of the system.

5 General Discussion

The emergence of pandemic infections such as SARS, HPAI, and H1N1 influenza
in the past decade has acted as a catalyst for the increasing acceptance and further
development of the ‘one medicine’ concept, as first conceived by Calvin (Schwabe
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1984). The outcomes of ‘One Health’ activities will comprise of a wide range of
outputs related to human health, animal health, food security, nutrition and live-
lihoods, and environmental sustainability. As a consequence, implementing ‘One
Health’ approaches demands a broad understanding of issues which cut across
human and animal medicine, environmental, social, and other sciences, as well as
the complexities of their interactions and their impacts on each other. This relies
on the willingness and receptiveness of people with a diversity of relevant skills,
knowledge and experience to break out of organizational ‘information silos’ and
initiate the dialog out of which the development of such overarching activities can
flow. This may motivated by a recognition of the benefits that multi-disciplinary
activities can bring (for example, the symbiotic result that can be achieved when
technical experts with different specialities contribute towards a single goal), or it
may be driven by a managerial imperative to do so, such as the need to utilize
resources and implement activities more efficiently through intersectoral and trans-
boundary planning and coordination.

Whichever is the case, motivation and goodwill alone are not sufficient: the
capability of professionals with different backgrounds to operate in a multi-
disciplinary context is dependent on their ability to communicate and collabo-
rateeffectively (Kahn 2011). Inconsistencies or omissions in technical and scien-
tific terminology can make this problematic. The rapid global changes which are
transforming the world in which we live have accentuated the interfaces among
humans, animals and the environment, and by extension, the growing intersection
between human and veterinary epidemiology. Public health and veterinary epi-
demiologists need to incorporate current approaches and methodologies into a
broader vision (Pearce 2009). Communication not only needs to be improved on
the scientific and technical level: on the organizational level, the specialized ter-
minology that develops over time within institutional silos (effectively defined as
‘jargon’), in combination with the prevailing organizational culture, present for-
midable impediments to collaboration. Decision- and policy-makers play an
essential role in providing leadership, building relationships, trust, and informa-
tion-sharing mechanisms.

In addition, ‘One Health’ practitioners must be able to draw on a set of shared
competencies . There is currently substantial debate as to what these competencies
should be, and how extensive they should be. While it is neither realistic nor
desirable to train people who are ‘specialists in all disciplines’, successful practice
requires the acquisition of a nucleus of shared competencies; a set of relevant ability,
knowledge, or skills that must extend beyond narrower professional capabilities
(Moser 2008). Such competencies can be technical (e.g., consistent application of
the principles of epidemiology), or they can be more managerial (e.g., capability for
effective leadership, coordination, management, and decision making).

The major international human and animal health agencies, World Health
Organization (WHO), Food and Agriculture Organisation (FAO) and World
Organization of Animal Health (OIE) have promoted inter-agency and inter-sectoral
collaboration through a series of International Ministerial Conferences on Animal
and Pandemic Influenza (IMCAPI) which resulted in the drafting of a Tripartite
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Concept Note (Anon 2010), the development of a strategic framework for reducing
the risks of infectious diseases at the animal-human-ecosystems interface (Anon
2008a), establishing regional collaborative mechanisms and a guide to establishing
inter-sectoral collaboration at country levels for information sharing, surveillance,
and response (Anon 2008b). Such high-level leadership is necessary to mobilize
opinion, solicit political support, and create an impetus. However, it does not create
‘One Health’ practitioners that are capable of engaging the principles and discus-
sion, integrating these into public health practice at multiple levels, and converting
them into meaningful action. In this chapter, we argue that education stands at the
basis of ‘One Health’ capacity development, and is a fundamental requirement for
the translation of the concept from theory to practice.

The design of population health programs requires the collaborative input of
public health and veterinary professionals (Kahn 2006). There are examples of
academic curricula that have incorporated principles of multi-disciplinary health-
related teaching, to varying extents, reaching back for decades. In recent years,
there has been a sharp increase in the number of academic programs which
explicitly aim to do so. However, these are predominantly operated by North
American or European institutions (some examples are given by Herrmann and
Hershow (2008), Lindenmayer and Schlaff (2008), Conrad et al. (2009), Cribb and
Buntain (2009)), and have limited relevance and applicability in a developing
country setting, where the shortage of capacity is the greatest, and where the
likelihood of emergence of new infections is greatest (Jones et al. 2008). There is
an urgent and growing need for trained and capable professionals in the developing
countries who will be instrumental in implementing the ‘One Health’ programs of
the future (Asokan et al. 2011). Training is required at all levels, including posi-
tions related to coordination and decision making (what was described in the CDC
Stone Mountain meeting as ‘One Health leaders’ (Rubin 2011)).

The establishment and development of the curricula of the Masters degrees
described in this chapter was a complex task which demanded intensive collab-
oration and coordination between personnel within academic groups specializing
in public health and veterinary epidemiology, and a number of external subject
experts. This was, in itself, an insightful exercise in ‘One Health’. The course
content was tailored to be relevant for the South Asian participants (e.g., making
use of regional case studies where possible); as the degrees operate at a post-
graduate level, they build on the existing preknowledge and expertise of the
participants. The overarching objective is to create a nucleus of ‘One Health’—
competent professionals which will make up the initial core of the second phase of
the program.

The use of information and communication technologies (ICTs) is a defining
feature of the ‘One Health’ training program. In the first phase, this enabled the
participants, many of whom worked in positions of considerable responsibility, to
complete the program Masters degree without leaving their duty stations. Although
the Internet has become nearly ubiquitous over the past 15 years or so (albeit
variable in terms of connectivity, speed and reliability), the penetration and uptake
of educational technologies lags relatively behind in the developing world
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(Winthrop and Smith 2012). This can be attributed to constraints including limited
access to the internet, less familiarity with or receptiveness to the different methods
of teaching, and a shortage of human resource capacity (including ICT professionals
as well as educational experts). However, the remarkable speed with which internet
access has spread globally, and with which social media and online learning
technologies have developed, suggests that the ‘digital divide’ is shrinking
(Winthrop and Smith 2012) and makes e-learning feasible in parts of the world in
which this was, until quite recently, not the case. Functional and user-friendly open-
source software packages such as Moodle (2012) can make distance education vastly
more effective, enabling students from developing countries to complete specialized
training in-country, thereby avoiding the capacity depletion which occurs when such
people are required to leave the country for postgraduate training.

ICTs geared toward education in developing countries have the potential to add
value by making positive impacts on a number of outcomes (Wagner et al. 2005),
including the acquisition and application of technical skills; the development of
computing and technology skills; and other outcomes such as increased innova-
tiveness and increased capability for effective communication. A benefit over
‘traditional’ distance education is that online systems are specifically designed to
provide a collaborative environment, which enhances interaction between teachers
and students as well as facilitating exchange of experience and information
between students, which contributes toward peer learning and the building of a
‘learning community’. This is well-aligned with the ‘One Health’ approach, which
is heavily reliant on effective multi-way communication. Consequently, the degree
courses were structured in a way that facilitated interaction, independent appli-
cation of activities, communication, and active collaboration, among people with
different disciplines within a country, among people within the same disciplines
but in different countries within the region, and between the participants and
leading infectious disease experts across the world. This approach is being con-
tinued into the second phase through development of HubNet, a web-based
platform that uses open source software to provide tools for communication,
collaboration, resource-sharing, and professional networking, within and between
the OHHs plus between OHHs and government organizations, international
agencies and regional organizations working in related areas.

Research has shown that training programs that focus on application and pro-
viding ongoing support, rather than on theoretical knowledge, are more successful
(Winthrop and Smith 2012). The Masters degree training was fundamental in
laying a strong foundation for the second phase of the program, which provides the
opportunity to both consolidate this training and to expand the program to a wider
network of animal and human health professionals in each country. The alumnus
of the degree program comprises a strongly networked group of human and animal
health professionals from varying levels of management within human and animal
health institutions throughout the participating countries, who have gained a set
of shared competencies in epidemiology and biosecurity, and are capable of
promoting interdisciplinary communication and collaboration through a common
understanding of definitions, methodologies, and interpretation. The application of
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these shared competencies to real-world disease problems within the ‘One Health’
Hub collaborative framework provides the opportunity to create ‘One Health’
practitioners who have experience and skills in collaborative approaches to the
detection, investigation, and management of zoonotic diseases and who are
motivated to collaborate by an understanding of the benefits of a ‘One Health’
approach. As Centers of Excellence in epidemiology, the ‘One Health’ Hubs
support public health, animal health and other professionals to continue devel-
oping their skills through sharing knowledge and experience with appropriate
expert support and additional training associated with the collaborative investi-
gation projects. Furthermore, these projects provide the opportunity for the more
experienced participants to mentor less experienced participants who have an
interest in developing their epidemiology and biosecurity skills.

Building sustained and functional collaboration between human and animal
health sectors to improve the detection, investigation and management of
emerging and endemic zoonoses requires a top-down and a bottom-up approach to
provide an enabling environment in which trained ‘One Health’ practitioners can
more effectively share information, knowledge, and resources to manage zoonotic
diseases. The network of OHHs established in the second phase of the program
described in this chapter provides a mechanism for integrating the collaborative
capacity building activities into existing government infrastructures for delivery of
human and animal health and for management of zoonoses in each country and in
the region. The involvement of key decision makers, policy makers and other
stakeholders in establishing and supporting the OHHs and developing the program
of activities to ensure it addresses priority zoonoses and critical needs in each
country helps build relationships, trust and information-sharing mechanisms
between the human and animal health sectors and other international agencies
operating in the participating countries. In addition, the OHHs can link into and
support field-based epidemiology training programs such as CDC’s Field Epide-
miology Training Program (FETP) (Nsubuga et al. 2008; Rolle et al. 2011), and
FAO’s FETPV training for veterinarians (Castellan 2011), and other national and
international programs building capacity at the field level. An important objective
of Phase 2 is to learn from the experience of applying a ‘One Health’ approach to
the investigation and management of zoonotic diseases, which will be supported
by incorporating evaluation of collaborative as well as epidemiological aspects of
the investigations.
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Infections at the Animal/Human
Interface: Shifting the Paradigm
from Emergency Response
to Prevention at Source

David L. Heymann and Mathew Dixon

Abstract The majority of emerging infectious diseases have their source in
animals, and emergence occurs at the human/animal interface, when infections in
animals breech the species barrier to infect humans, the population in which they
are often first identified. The response is frequently characterized by a series of
emergency activities to contain and manage the infection in human populations,
and at the same time to identify the source of the infection in nature. If infection is
found to have a source in animals, and if animals cause a continuous threat of
human infection, culling is often recommended with severe economic impact.
Currently, efforts are being undertaken for closer interaction at the animal/human
interface through joint surveillance and risk assessment between the animal and
human medicine sectors, and research is underway in geographic areas where
emergence at the animal/human interface has occurred in the past. The goal of this
research is to identify infectious organisms in tropical and other wild animals, to
genetically sequence these organisms, and to attempt to predict which organisms
have the potential to emerge in human populations. It may be more cost-effective
to learn from past emergence events, and to shift the paradigm from disease
surveillance, detection, and response in humans; to prevention of emergence at the
source by understanding and mitigating the factors, or determinants, that influence
animal infection. These determinants are clearly understood from the study
of previous emergence events and include human-induced changes in natural
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environments, urban areas, and agricultural systems; raising and processing ani-
mal-based foods; and the roles of global trade, migration, and climate change.
Better understanding of these factors learned from epidemiological investigation
of past and present emergence events, and modeling and study of the cost-effec-
tiveness of interventions that could result in their mitigation, could provide evi-
dence necessary to better address the political and economic barriers to prevention
of infections in animals. Such economically convincing arguments for change and
mitigation are required because of the basic difference in animal health—driven by
the need for profit; and human health—driven by the need to save lives.
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1 Infections at the Animal/Human Interface

Severe Acute Respiratory Syndrome (SARS) was the first major emerging infec-
tion identified during the twenty-first century (Parashar and Anderson 2004). A
close examination of the outbreak—its origins, the human sickness and death it
caused, the national and international responses that occurred, and the effect these
responses had on Asian economies—provides a clear lesson of the importance of
emerging infections at the animal/human interface, and underscores the reasons
that emerging infections must be rapidly detected, assessed, and managed. But
understanding and mitigating the factors that align to cause emergence could move
this current paradigm of detection, assessment, and response further upstream, to
prevention of emergence at its source.

Severe Acute Respiratory Syndrome (SARS) was first detected as a severe
atypical pneumonia in the Guangdong Province of China (Heymann and Rodier
2004a). It soon became a burden in hospitals where many patients required
respiratory support, and broad-spectrum antibiotics had no effect. As is common
with emerging infections, particularly when they present with symptoms common
to other known infections, unsuspecting hospital workers became infected. They in
turn inadvertently infected family members, and infection then spread to the
communities in which they lived (Heymann and Rodier 2004b).

One of these health workers—a medical doctor—travelled to Hong Kong where
he stayed in a hotel on the same floor as both Chinese and international guests.
Some of these hotel guests became infected. Hypotheses of how they were infected
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ranged from transmission by aerosols—generated by the infected doctor by cough,
sneeze, or vomit—in the corridors or through the hotel ventilation system to shared
closed environment such as sharing the same lift (Chan-Yeung and Xu 2003).
Some of the infected hotel guests travelled while still in the incubation period, and
as illness developed and became serious they were admitted to hospital in Hong
Kong, Singapore, Canada, and Vietnam. Hospitalized, they too became the source
of infection for hospital workers who in turn served as unintentional amplifiers of
transmission to their families and communities.

Molecular and epidemiological investigation suggested that the infection of the
index case—never identified—was an onetime event (Walker et al. 2012; Xu et al.
2004). As more information became available, it was further hypothesized that this
initial infection was due to close contact with an infected animal, possibly a civet
cat, in one of the province’s many live (wet) animal markets (Woo et al. 2006).
The animal host was thought to have been a carrier of a coronavirus that mutated
while replicating, either in the animal or an infected human, in such a way as to
cause severe human illness (Wang and Eaton 2007).

The world’s interconnectivity through air transport facilitated the international
spread of SARS. Precautionary travel advisories were made by the World Health
Organization (WHO) recommending that people avoid unnecessary travel to
countries where outbreaks were occurring, and by July 2003, just over 7 months
after the SARS coronavirus was thought to have emerged, human to
human transmission had been interrupted and the outbreak was declared over
(Heymann 2006).

SARS resulted in 8,422 probable infections and 916 (11 %) deaths
(Chan-Yeung and Xu 2003). The economic impact of the outbreak on GDP was
estimated at US$30–100 billion from decreased commerce, travel, and tourism
(Keogh-Brown and Smith 2008). Unlike HIV, which is thought to have emerged
during the late nineteenth or early twentieth century, the SARS coronavirus did not
become endemic, and economic recovery was rapid.

SARS and other emerging infections share a common theme: infection is often
first detected in human populations in which an emergency containment response
occurs, most times before the source of infection is understood. Initial recom-
mendations for control are thus based on what evidence is available from the
current outbreak or previous outbreaks caused by similar organisms. They are of
necessity precautionary, and often severe. And as for SARS, the burden and
response can cause a wide-ranging negative impact to economies.

If it were possible to identify infectious agents carried by wild and domestic
animals and to predict if, when and where they would emerge in humans, and if
these animals could then be somehow removed from contact with humans or
cleared of infection, human sickness and death could be prevented and economies
protected. Studies are underway to identify and characterize infectious organisms
in wild animals in geographic sites where emerging infections are known to have
occurred in the past (Grace et al. 2012; Jones et al. 2008; UC Davis: Vet Medicine
2009). Though it is possible through these studies to understand the variety of
infectious agents carried by wild animals, prediction of which organisms will
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emerge in human populations using genetic sequence or other information will
likely be very challenging and as yet is not possible (Biek and Real 2010).

Moving further upstream, investigation of individual emergence events can
identify the risk factors, or determinants, that align to cause the putative breaches
in the animal/human species barrier. If these risk factors could in some way be
mitigated, the risk of future emergence could be decreased. The current paradigm
of emergency response, and the concurrent attempts at prediction and prevention,
could then be shifted further upstream.

2 Shifting the Paradigm

In the case of SARS, there was a flurry of field research activity in the Guangdong
Province during and just after the outbreak, but over time funding decreased and
research slowed. Among the research that was completed was a study of workers
in some of the province’s wet markets that suggested that up to 22 % (12/55) had
antibody evidence of a coronavirus infection related to the SARS coronavirus, but
that none had a history of severe respiratory symptoms such as were occurring in
persons with SARS (Parry 2003). Further field research might have helped to
better understand the risk factors for emergence, but it was not conducted, and the
epidemiology remains unclear.

Risk factors for emergence, in addition to being a market worker as suggested
by the completed study, might also include being a hunter of wild animals, being a
restaurant worker who kills and or butchers/prepares wild animal meat for con-
sumption, or being a member of a household who buys live or recently killed wild
game meat from a wet market (Weiss and McMichael 2004; Wolfe et al. 2007).

Even though evidence is available from just one epidemiological study of
SARS, a series of actions outside the human and animal health sectors could be
useful in preventing a future outbreak in the Guangdong Province from another
emerging pathogen (Daszak et al. 2012; Wood et al. 2012). These include edu-
cation of all those who come into contact with wild game (and domestic animals)
about how to protect themselves against infection; regulation with enforcement of
wet markets and eating establishments that does not drive these activities under-
ground, but rather ensures safe animal handling; and regulation and enforcement
of trade between hunters and markets, and between markets and those who pur-
chase. Other activities might be research to determine whether wild animals (e.g.
civet cats) could be raised commercially under conditions that prevent their
infection and risk to humans—or further downstream, more effective education of
health workers about infection control. This latter activity would ensure that if
other actions such as those above fail to prevent emergence, amplification of
transmission of emergent organisms could be prevented.

Risk factors for emergence events caused by a more broad range of organisms
might occur in sectors such as plant agriculture, community planning, water, and
sanitation. Human migratory dynamics, land-use approaches, and the influence of
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climate and manipulation of natural ecosystems can also amplify known risks, and
create novel emergence pathways (Patz et al. 2008).

Mitigation of the risk factors for emergence thus requires a focussed and col-
laborative effort across multiple disciplines—a one health approach, as defined by
the American Veterinary Medical Association (2008) (American Veterinary
Medical Association 2012). Emergence may occur among humans living and
working in small rural farming communities carved out of tropical rain forests,
savannah, mountains, and desert that are in close proximity to wild animals, or to
domestic animals they tend that have been in close proximity to wild animals.
Outbreaks of Nipah and Ebola Reston Virus infection in pigs raised in unprotected
environments in Malaysia and the Philippines, respectively, are an example, and
both outbreaks spilled over into human populations (Luby et al. 2009; Miranda and
Miranda 2011).

Emergence may occur in larger urban communities where human contact with
animals is limited to a few farm animals in close proximity to households, to
domestic pets, or to rodents and other animals that have adapted to the urban
environment (Alirol et al. 2011). Animals come in contact with humans or other
animals as they range (e.g. cows and chickens in parts of Asia) or browse (e.g.
urban foxes and rodents) (Bradley and Altizer 2007). The continued high rate of
contact between humans and poultry in both smaller backyard farms and larger
market system farms continues to permit repeated human exposure to the H5N1
influenza A virus that is endemic in poultry stock. Children and adults are thought
to have been infected by contact with living chickens in backyards, and adults have
been shown to become infected at some point during the process of raising or
slaughtering/butchering chickens (Kerkhove et al. 2011).

Risk factors of emergence in these settings are lacking or inadequate com-
munity planning, lack of understanding by populations about risks associated with
animal contact, failure to adopt and adhere to safe farming and slaughter/food
processing and preparation practices, and failure to maintain sanitation and water
infrastructure. Mitigation across all these sectors would require empowering
communities to develop a safer living environment through urban planning,
developing and maintaining robust water and sanitation infrastructure, controlling
rodent and other animal populations in both peri-urban and urban areas, ensuring
safe animal husbandry, and providing understanding of risks through community-
based education (Fobil et al. 2012).

Risk factors for emergence also occur all along the food chain. Growing
demand for animal-based food has led to the ever more complex food chains that
involve live animal processing and trade networks (Schlundt et al. 2004). Pre-
vention of infectious disease emergence through the food chain and agricultural
system requires understanding of the risks at each step along the pathway from the
farm to the fork. If infectious agents pass through the food chain and enter foods,
their impact can be minimized at the final intervention point, where animal-
derived foods can be prepared carefully in the factory, restaurant, and household
either by cooking or other means to remove or mitigate the risk of infection. Others
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must be controlled earlier—during the period animals are being raised, during
slaughter, and during transport (Collins and Wall 2004).

Climate change also appears to be a factor in emergence of human infection.
Rainfall associated with ENSO (El Niño/Southern Oscillation) in East Africa, for
example, has contributed to frequent outbreaks of Rift Valley fever as a result of
flooding that increases breeding sites of the mosquito vector (Anyamba et al.
2009). The frequency of leptospira transmission from rodents to humans has been
shown to increase during events in Latin America, Bangladesh, and India fol-
lowing heavy rains and flooding (Lau et al. 2010). Lassa fever has also emerged
after severe drought in Sierra Leone, when rodents carrying the Lassa virus were
forced to move closer to humans so that they could survive on agricultural
products in cultivated fields or storage facilities, contaminating human food sup-
plies (Bonner et al. 2007).

Risk factors related to climate change are multiple, and in addition to more
robust civil engineering projects to prevent flooding and channel water for
irrigation, better rodent and wild animal control is required, as is continued
participation in the negotiation of the International Climate Control Treaty (Tol
et al. 2007).

Finally, overuse of antibiotics in livestock animals is thought to be a risk factor
for the emergence of antimicrobial-resistant bacteria in animals. Though there is
still much debate within the scientific community as to the contribution of anti-
biotics in farming systems to the rise of antibiotic resistance, the implications on
emerging antibiotic resistance in human populations is even less well understood
(Barton 2000). But there is general consensus that farming systems are likely to
contribute to the flow of antibiotic residues and resistant microbes in the wider
ecosystem and in humans by runoff into water used or consumed by humans,
especially in economically poor settings where farming communities exist
alongside densely populated human environments with poor sanitation/sewage
systems (Abraham 2011; Segura et al. 2009). Clearly, cross-sector action is
required to mitigate these risks using the example of the connection between
antimicrobial resistance in both animal and human sectors provides a key lesson
for ensuring interdisciplinary planning is incorporated when designing zoonotic
control strategies.

3 The Opportunity

There is an opportunity to learn from past emergence events, and from those that
are presently occurring or will occur in the future. Application of what has been
learned can help shift the paradigm from detection, assessment, and response to
prevention at the source. But solid evidence must be available or obtained,
assessed for risk, and used. There is a great amount of scientific knowledge about
the risk factors of emergence and their mitigation already available from previous
investigation and risk assessment. Much more can be obtained from in-depth study
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of each emergence event as it occurs. Research must also take into account human
behavior, and ensure that populations most at risk clearly understand the measures
required to reduce or protect behavior that is high risk. Many emergence events
occur in well-defined geographical areas involving the poorest communities, so
designing interventions and strategies that are cost-effective and sustainable will
be imperative.

Devising & testing mitigation strategies - developing 

the evidence base:

• Modelling (clinical & transmission impact, cost -
effectiveness)

• Trial data (randomised control data where 
possible/feasible)

Understanding the determinants & risk factors 

through research

• Biological (pathogen characterisation)

• Epidemiological (transmission cycle and animal 
host characteristics)

• Socio-economic (human behaviour, market 
systems etc.)

Constructing interdisciplinary risk-

assessments

Obtaining data from outbreaks at the 

animal/human interface

• Data as outbreak occurs (mainly human clinical & 

epidemiological parameters)

• Identifying the animal source of infection 

(potentially retrospective)

Policy uptake:

Submission of evidence to cross-sectoral policy 
actors for discussion, review &implementationof 

mitigation strategies

Fig. 1 Transforming evidence at the animal/human interface into policy, a simple flow chart
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Many of the measures required to shift the paradigm will encounter political
barriers, especially when commercial benefits are at stake, and these barriers will
need to be broken down by using clear and easy to understand evidence from cost-
effectiveness and of a variety of risk mitigation strategies (Fig. 1). By working
together at the animal/human interface using a one health approach, emergence
events in the future can be decreased, and lives and economies saved.
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One Health from a Social–Ecological
Systems Perspective: Enriching Social
and Cultural Dimensions

Helen Ross

Abstract This chapter offers insights from the environmental management
paradigm of ‘social–ecological systems’ and related bodies of theory on people–
environment relationships to assist the evolution of the One Health interdisciplinary
endeavour of health promotion across human–animal ecosystem relationships. It
also seeks to expand thinking about the social and cultural dimensions that are
likely to prove important in the development of thinking and practice in the One
Health field. It advocates consideration of cultural and economic relationships
affecting people’s interactions with domesticated and wild animal species and
ecosystems, and exploration of the cognitive and behavioural aspects of these
interactions.
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1 Introduction

This chapter offers insights from the environmental management paradigm of
‘social–ecological systems’ to assist the evolution of the One Health interdisci-
plinary endeavour of health promotion across human–animal ecosystem relation-
ships. It then seeks to expand thinking about the social and cultural dimensions
that are likely to prove important in the development of thinking and practice in
the One Health field, especially tracing the nature of interactions among humans,
domestic and wild animal species, and their ecosystems.

The interdisciplinary One Health agenda and goals for system strengthening
(FAO et al. 2008; APEC 2011) imply the need for a systems approach and
antecedent disciplines, particularly epidemiology, which rely heavily on systems
understandings in tracing the sources of disease outbreaks and identifying risk
factors that are important in their prevention. This chapter suggests ways in which
One Health’s systems approaches can learn from many tenets of the paradigm of
social–ecological systems which is gaining currency in environmental manage-
ment (Berkes and Folke 1998; Gunderson et al. 1995; Gunderson and Holling
2002; Walker et al. 2004; Walker and Salt 2006; Westley et al. 2002; Berkes et al.
2003), while also identifying ways in which One Health can stretch the thinking of
social–ecological systems scholars (Cumming 2010; Dudley 2008). Recognising
current limitations in the social–ecological systems paradigm, the chapter also
draws on other bodies of literature that deal with human–environment relation-
ships, bringing in important social science concepts that the social–ecological
systems literature has yet to incorporate well.

A second, and equally important purpose is to elaborate social and cultural
dimensions of people–animal–environment relationships that One Health theorists
and practitioners are likely to find important. There is a need both for individual
studies that focus on relevant social dimensions (e.g. communication) and for
comprehensive frameworks or sets of concepts to look towards ensuring strategic
approaches to understanding and practising in One Health.

2 Social–Ecological Systems: Interpreting Complex
Adaptive Systems at Multiple Scales

The social–ecological systems paradigm (Walker and Salt 2006) provides a
particularly useful foundation for the evolution of One Health (Cumming 2010),
for its adoption of the ‘complexity’ paradigm and focus on key concepts such as
‘resilience’ and ‘adaptive capacity’. As others have observed, the dynamic
infection behaviour of avian influenza (HPAI) suggests complex adaptive systems
rather than predictable linear behaviour (Cumming 2010; Dudley 2008). The idea
of social–ecological systems derives from ecologists, observing forest behaviour.
Since it is ecosystem based, the theory also tends to be highly ‘place-based’, and

218 H. Ross



thus requires translation for circumstances such as pandemics, where diseases that
may erupt in one place quickly transfer to others, and indeed for species behaviour
across diverse locations, as with migratory birds (Caron et al. 2010). Thus, in One
Health the social–ecological system of interest is both local and global, with
disease manifestations—and opportunities to prevent or address challenges—
occurring at local to regional and national scales, quickly crossing scales and
jumping geographical boundaries.

The key tenets of social–ecological systems thinking are that:

(1) Social–ecological systems are complex and adaptive systems; they do not
behave in predictable linear ways (Walker and Salt 2006).

(2) The social–ecological aspects represent coupled parts of a single system
(Berkes and Folke 1998; Folke 2006), i.e. they are inseparable and equally
important.

(3) These systems are nested, with patterns at any one ‘level’ (scale) affecting and
being affected by others, particularly the adjacent levels (for instance, the
relationships among household, community and region).

(4) There is no stability or preferred state. Rather, a system (at any level, and
across levels) can tend towards one or more states (e.g. ecosystem conditions
in which a pathogen is barely present), yet be prone to ‘flip’ into other states—
desirable or otherwise—particularly if thresholds (such as in a seasonal change
or temperature rise that allows that pathogen to thrive) are approached (see Si
et al. 2010 for a study of seasonal vegetation change, wild bird movements and
presence of avian influenza H5N1).

(5) System behaviour is made complex by the interactions of fast and slow
variables. For instance, social and cultural change may be slow, but economic
crises or disease outbreaks can happen fast.

(6) We should be interested in the resilience of these systems, and their transfor-
mations into other patterns (some scholars separate the idea of transformation
from resilience, in the sense of persistence). How can desirable transformations
occur, and devastating ones be avoided? We should be interested both in
‘specified resilience’ (e.g. resilience of a system to a particular condition, such
as 2� climate change), and in ‘generalised resilience’ to multiple possible
circumstances (Walker and Salt 2006; Walker and Westley 2011).

(7) No single authority can govern such systems. ‘Adaptive governance’ and
‘adaptive co-management’, generally involving multiple collaborating parties,
is necessary, and this adjusts to requirements as the system changes (Olsson
et al. 2006, 2007).

(8) Social learning is highly important in the management of social–ecological
systems (Wilson 2012).

The theorising in social–ecological systems is still at early stages. Social sci-
entists are pressing for greater elaboration of the social dimensions (Davidson
2010), recognising the neglect of vital concepts such as cognitions (Jones et al.
2011), power relationships (Berkes and Ross 2013) and to spell out the dynamics
of social change (Cote and Nightingale 2012). Thus, it is useful to draw on other
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interdisciplinary paradigms which deal with people–environment (though seldom
animal) relationships (see Table 1). Human ecology, closely allied with anthro-
pology and ecology, contributes strong understandings of how cultures have co-
evolved with particular types of ecosystem, and focuses on some key ecological
concepts such as adaptation. Political ecology, stemming from human ecology and
more particularly political economy, brings in the notion of power relationships in
the distribution of access to natural resources. Environment-behaviour studies
(environmental psychology), combine psychology, architecture and geography in a
strongly transactional view of how people affect and transform environments
(through their cognitions, behaviour patterns and the making of physical changes),
and how those environments affect people by shaping their potential for action
(Ross et al. 2000). The work under this paradigm is particularly relevant to the
built environment, and to understanding the rationales behind people’s behaviour
patterns.

2.1 Opportunities for One Health

Given the origins in forest ecology, the social–ecological systems concept is
strongly place based. One Health requires the nested idea of local to global
relationships (including individuals), but cannot afford to limit to particular local
and regional ecosystems. Rather, One Health will be interested in changes in
social–ecological conditions that favour zoonotic disease transfers and spread (e.g.
Caron et al. 2010; Si et al. 2010), and in pandemics that transfer readily from one
local or regional ecosystem to another. One Health will be far more interested than
the social–ecological systems theorists (so far) in the role of animals in people’s
lives (as livestock and companion animals, or wild species they eat or interact
with), and in people’s behaviour patterns within those interactions (e.g. animal
tending practices, supply chain behaviour cf. Dudley 2008) that foster good health
or risk disease spread.

One Health will thus be interested in the linkages between specific ecosystems,
or at least in the ecological basis of particular pathogens and disease vectors that
might readily (and often rapidly) find opportunities elsewhere. Given the rapidity
of international travel, the transfers of animals and foods under a globalised
economy, and influences of migratory bird movements (Cumming 2010), One
Health should be interested in one global system made up of many localised, but
also highly networked, sub-systems. One Health may find the concept of resilience
very useful: since we cannot prevent diseases (of animals, humans or both) alto-
gether, or control them entirely, how can we make vulnerable people and regions
more resilient to their occurrence? How can adaptive capacity be understood and
enhanced, towards achieving that resilience? What are the key components of
adaptive capacity and resilience (Berkes and Ross 2013; Magis 2010; Armitage
et al. 2011) in a One Health practice context? Since management of risk and
control of diseases is beyond any single authority’s control (human health or
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veterinary), what possibilities lie in looking towards adaptive governance ideas
(Stirling and Scoones 2009), focused on collaboration across parties with capacity
to address parts of a problem, and on taking adaptive rather than rigid approaches
to solution finding.

Further, how can One Health manage the risks of conflicting activity between
scales (levels within a system) when addressing crises? Adger et al. (2011) noted
with respect to climate change adaptation that some case study countries worked in
harmony with and empowered local people’s adaptation, whereas others over-rode
good local initiative and practice with imposed national policies in ways that
damaged overall capacity. The analogies for One Health are obvious: how can
local practice and arrangements be harmonised with national and international
effort, rather than running the risk of contradictions, conflicts, inefficiencies and
increased disease risk?

2.2 Important System Interactions in One Health

One Health is interested in interactions between humans, animals and ecosystems,
and hence their systems of management, towards enhancing well-being, reducing
risks and making management more effective. One Health will thus have particular
foci of interest within the complexity of our global social–ecological systems
(which includes economic systems). Human–animal–environment interactions of
particular interest to One Health are:

• The many ways in which humans interact with animals, from the tending of
livestock for livelihoods and also cultural reasons (where livestock may repre-
sent cultural status, savings, bridge-price or dowries), to interactions with
wildlife for sustenance (hunting) and enjoyment, or accidental contact in the
course of other practices, to the psychological benefits of human–companion
animal interaction.

• Causes of different patterns of interaction between wildlife, domesticated spe-
cies and humans—for instance, where seasons or the effects of environmental
change (including climate change) affect species movements and disease vec-
tors, or where loss of wildlife habitat through land clearing to meet population
increases and economic demands leads to new interactions among different
animals, and animals and humans.

• The effects of global movements of people and animals, for instance, in travel
and trade (including supply chains, Dudley 2008).

• The policy and administrative interactions involved in issues that transcend (or
force collision between) established systems of governance. (Western-influ-
enced forms of governance typically keep health and environment separate,
animal and human health separate and national and local government powers
separate, where One Health requires strong networking and capacity for coor-
dinated action across all of these).
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3 Social and Cultural Dimensions Important to One Health

From the wealth of social science concepts available for understanding human
thinking and behaviour, some key concepts appear particularly relevant to the
points above. All of these feature within the other paradigms (see Table 1) which
could well enrich missing dimensions in social–ecological systems. This analysis
makes no claim to comprehensiveness: other social science concepts are poten-
tially relevant. It concentrates on cultural, cognitive and behavioural dimensions of
people–animal–ecosystem/environment interactions. Since a culture entails a
coherent combination of many of these concepts, aspects of this analysis will
overlap.

3.1 Cultural Dimensions

Cultures are known to develop, over lengthy periods, in relation to ecosystems and
climate. Thus, hunter–gather societies, in general, are known to have some char-
acteristics in common that differ markedly from those of agricultural societies.
McMichael (2004) points out that major cultural shifts have also been associated
with shifts in infectious disease threats. Cultures are commonly studied in terms of
religion and belief systems, kinship, resource use, economic behaviour, develop-
ment and use of technologies and built environment. Together, these (and other)
characteristics shape interactions between people and their ecosystems, the people
within the society and people and materials. Culture includes the social rules for
relationships among people, and the nature of the supernatural worlds they create.
Myriad permutations are possible, for instance, the diverse forms and meanings of
vernacular housing and settlements developed by the world’s different cultures
(Rapoport 1969).

The relevance for One Health is extensive. Culture shapes (or represents) all of
the social attributes explored below, and is a major part of defining—or reflect-
ing—the ways in which humans, animals and ecosystems interact for economic
and socially-defined purposes. It influences relationships among members of a
society (e.g. gendered relationships), and the way communication occurs (e.g.
Hickler 2007), and hence the strategies that One Health practitioners might need to
adopt in addressing disease risks.

3.2 Cognitive Dimensions

This represents the set of individual and shared mental domains that are potentially
relevant in people–animal–ecosystem interactions. Values express broad prefer-
ences concerning appropriate courses of action or outcomes, representing a
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person’s or society’s sense of right and wrong or desirable conditions. In a One
Health context, we may be interested in values towards particular species, specific
environments and practices (whether culturally or socially endorsed, or discour-
aged). Values are closely related to social and behavioural norms; the social ‘rules’
for behaviour in a society are taught and enforced through social influence. Norms
tend to be more transient and mutable than values; for instance, norms for food
handling have changed as a matter of public education and social influence.

While the term ‘attitudes’ (orientation or aversion towards a certain type of
object) is commonly (and often erroneously) used to refer to a broad suite of
cognitive dimensions, other concepts such as ‘mental models’ (Jones et al. 2011)
are likely to be more useful for understanding the system inherent in One Health.
Mental models are individual and collective understandings of how a system
works. They tend to focus on cause-effect relationships (real or believed), but may
include emotional aspects such as a positive or negative orientation towards an
object (such as a species of animal, of a health promotion practice) within the
system. A mental model’s focus on One Health would lead practitioners to explore
how a society and individuals within it understand particular disease patterns to
occur and also missing assumptions; for instance, absence of recognition (or even
denial) of risks that may be well-known to epidemiologists. Mental models can
incorporate beliefs (holding a proposition to be true) and knowledge (theoretical or
practical understanding of a subject). For a One Health context, knowledge is best
considered comprehensively, as including a culture or individual’s world view.
Many societies include spiritual dimensions within their cosmologies, and people–
animal–ecosystem relationships may feature here.

Various other social science concepts are potentially relevant. The geography
and psychology concept of ‘sense of place’ links the cognitive to an ecosystem or
built environment, to express both characteristics of the place and the beholders’
sense of identification with that place (for instance, a sense of belonging to and
familiarity with, love of, a locality). In a One Health context, sense of place may
contribute to public support for keeping ecosystems healthy, or underpin resistance
to making change which may be necessary from a risk prevention perspective. It
would be valuable to elaborate the idea of ‘sense of place’ to ‘sense of relationship
with species’. For instance, in the author’s region of South East Queensland,
Australia, the Hendra virus which transmits from flying foxes, a protected species,
to horses and thence to humans (Field et al. 2007) has brought out social conflict
between horse-owners and wildlife proponents, each identifying strongly with one
species and at worst seeking the removal of the other.

‘Identity’ also appears very important in people–animal–ecosystem relation-
ships. This concept spans an individual sense of self to social and cultural
groupings’ self-attribution of characteristics. The relevance for One Health is that
needs for disease control can conceivably cut across peoples’ strongly held
identities. For instance, herding societies may be strongly reticent to have their
animals culled, obviously for livelihood reasons but also because of strong cultural
identification as ‘herding peoples’, and most likely, with social status being
associated with herd strength. In remote Aboriginal Australia, dogs have an
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ambivalent role. They are little-tended and may harbour a variety of pathogens, yet
their cultural meaning is such that while they may be neglected under (Kimberley)
Aboriginal law, they may not be killed (Ross 1987).

Another concept worth borrowing is that of ‘meaning’, used very effectively in
relation to the built environment by Rapoport (1969). What is the meaning of
particular species in particular cultures? Why is that species important, e.g. live-
stock have different meanings to the Masai and other East African herders than to
Southeast Asian mixed-subsistence farmers.

A variety of other cognitive dimensions could also be considered, for instance,
social constructions of the relationship between people and animals (after Greider
and Garkovich 1994).

3.3 Behavioural Dimensions

Having considered the options for understanding peoples’ mental interactions with
animals and ecosystems, we need to consider their behaviour patterns. Since One
Health is interested in managing key disease transmission patterns, key questions are:

• What do people do with animals in their built, farmed and natural environments,
and why?

Common reasons for interactions and interdependencies among people, animals
and ecosystems are livelihoods (through hunting and gathering, for food or
medicinal purposes; and farming, even bridge-price and dowries where animals are
essential to economic exchanges on marriage, and marriage is a matter of liveli-
hood as well as inter-familial diplomacy). Further reasons include companionship,
in domestic animals, and aesthetic appreciation (as in wildlife tourism, and
enjoyment of animals in the wild).

Behaviour patterns of interest will include how safely people actually interact
with the animals and related environmental contaminants. Are animal husbandry
practices reducing or exacerbating the risks of disease transmission? Then, how
amenable are these practices to change? Are they deeply embedded in cultural
practices, or more peripheral and thus less likely to provoke resistance should
change be advocated?

• What is the role of animals (wild and domesticated) in economic relationships?

Animals play important roles in the livelihoods of many societies. Common
roles for animals are when livestock is tended as a regular source of food or cash
income (e.g. herding and grazing societies such as Australian commercial graziers,
migratory herders in Eastern Africa such as Somali and Masai); when animals are
tended but retained as a form of banking and often social status, as part of mixed
farming systems (e.g. pigs and poultry can represent savings, for later sale, or
dowries; in such societies they often represent social status); livestock as working
animals (e.g. draught horses and buffalo). There is a set of subsistence roles in
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harvesting of wild species directly for consumption as food or medicine, but
sometimes also for intermittent sale. This is common in forest ecosystems.

• Does the role of the environment in livelihoods, e.g. land clearing for more
agriculture, press wild animals into greater interaction with domesticated spe-
cies and with increased risk of zoonoses?

• What are the roles of animals in companionship and domestic settings, and what
health risks and benefits attach to these?

A useful concept from environmental psychology is that of behaviour settings
(Wicker 1972). While the initial theory focused strongly on built environments, it
is worth extending to such settings as fields and stables or livestock pens, and to
animal as well as human behaviour. The concept deals with certain practices
occurring in certain settings: the practices are not caused (although influenced) by
the physical features of the setting; they are strongly influenced by social norms
about what should occur where. For example, availability of hand washing
facilities near a livestock pen may facilitate cleanliness after handling animals, but
the behaviour of hand washing needs to be a social and individual norm, otherwise
it is unlikely to occur.

3.4 Other Processes

A range of other processes involving interactions between people also deserve a part
in a socially and culturally aware One Health. Education, and particularly the related
social process of social learning, is important to benefit from experience and secure
improvements to interactive patterns that threaten human, animal and ecosystem
health. Social networks, and the social influence that commonly occurs through such
relationships, appear important in achieving practice change and distributing
learning. This may include acceptance of necessary disease control strategies.
Communication processes are highly important in disease control, both through
community-based interactions and through formal processes. The form and success
of communication relates closely to social and cultural factors (Hickler 2007).

4 Research Directions

This analysis of social and cultural dimensions worthy of exploration to assist the
development of One Health suggests a set of research issues to guide social sci-
entists and interdisciplinary teams. First, what is the nature of the interactions
among people, animals and environment in a specified context? What role and
meaning do certain animal species have in this culture? For example do they have
roles in livelihoods, companionship and important cultural symbolism? Ethno-
graphic analyses of this type might include avoided interactions, such as under
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taboos, and spiritual and stewardship relationships, as with animal totems. What
are the economic dimensions in these interactions, e.g. subsistence, livelihoods
including treating certain animals as savings for later sales or dowries. Do these
relationships occur in ways conducive to health risks (disease risks or risk of
spread) or produce benefits (e.g. interaction such as animal therapies)? Do they
present significant issues for disease control, for instance, in reluctance to part with
favoured animals during culls?

Second, how should risk mitigation and crisis handling be conducted in these
cultural contexts? How do culture, values, behaviour patterns and economic
dependencies affect choices of action pathways—such as communication, educa-
tion, actions, and compensation for animals destroyed? Given the difficulties of
conducting ethnographic studies when risks emerge, can participatory processes
help to pool knowledge and understandings, and identify socially and culturally
acceptable solutions? How can community and public ‘engagement’ be conducted
in One Health contexts, to achieve ownership and involvement on the part of the
community (Aslin and Brown 2004 p. 5)?

How can forms of governance in health promotion and disease control processes
navigate both the complex adaptive systems inherent in people–animal–ecosystem
health and disease relationships? What can be learnt from collaborative and
adaptive forms of governance, as espoused in the social–ecological systems liter-
ature? How can the more familiar ‘top-down’ (directive) approaches used partic-
ularly in emergencies draw upon ‘bottom up’ approaches that might inform more
culturally sensitive and socially acceptable—and hence workable—solutions?

5 Conclusions

System understanding and system strengthening for One Health would benefit
from use and elaboration of bodies of theory that deal with people–environment
relationships. All of these need elaboration to incorporate animal relationships
more explicitly. This chapter advocates use of the social–ecological systems body
of theory for its use of the complex adaptive systems paradigm and understanding
of dynamic forms of behaviour, but notes worthwhile concepts from human
ecology, political ecology and environment behaviour studies.

Within such systems understandings, One Health needs to incorporate social and
cultural considerations well. This is necessary to achieve a rich picture systems
understanding and develop sensitive and effective systems strengthening to enable
responsiveness in crises and slower moving change processes, and address risks and
opportunities alike. Doing so involves considerable challenge, given the wide
variety of social and cultural issues that are potentially relevant, and the wide
variety of social science (and humanities) disciplines available to contribute. We do
not want the situation of ‘hammers finding nails’; single disciplinary approaches or
working on single concepts at a time would not contribute to effective systems
approaches. We thus would do better to incorporate exploration of social and
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cultural dimensions within systems frameworks that consider human–environment
relationships, and expand these to explore the particular linkages that apply around
One Health research and practice questions. This entails more explicit recognition
of the roles of animals, and translation of the older frameworks to recognise the
‘complexity’ paradigm of complex adaptive systems.
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