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Workshop Overview!

“Between animal and human medicine there is
no dividing line nor should there be.
The object is different but the experience obtained
constitutes the basis of all medicine.”
—Rudolf Virchow (1958)

IMPROVING FOOD SAFETY THROUGH A
ONE HEALTH APPROACH

The daily activity of producing, preparing, and consuming food directly links
our health with the health of the planet in both direct and indirect ways. Over
the past century, the distance between “farm” and “fork” has gone global such
that the ingredients in a single meal may be obtained from numerous “local” and
“global” sources. Food production and distribution for the developed world takes
place across vast and complex global networks in increasingly shorter timescales.
As consumers, many of us fail to recognize that our local and domestic food
supplies are part of an increasingly interconnected, globalized, food production
system.

The U.S. food supply comprises thousands of types of foods and food
components—many grown and processed outside of the borders of the United
States—as illustrated in Figure WO-1, “the well-traveled salad.” The well-
traveled salad’s 10 ingredients originate in more than 37 countries. The increas-
ingly global nature of both domestic and local food supplies underscores the need
for a comprehensive One Health approach to food safety, as even common and
“whole” ingredients may travel across the world before they reach the table. The

! The planning committee’s role was limited to planning the workshop. The workshop summary has
been prepared by the workshop rapporteurs (with the assistance of Katherine McClure, LeighAnne
Olsen, Rebekah Hutton, and Pamela Bertelson of the staff of the IOM’s Forum on Microbial Threats)
as a factual summary of what occurred at the workshop. Statements, recommendations, and opin-
ions expressed are those of individual presenters and participants and are not necessarily endorsed
or verified by the Forum or the Institute of Medicine. They should not be construed as reflecting any
group consensus.
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WORKSHOP OVERVIEW 3

health of humans, animals, and crops plays a pivotal role in ensuring the safety
of the world’s food supply.

Globalization of the food supply has created conditions favorable for emer-
gence, reemergence, and spread of food-borne pathogens and has compounded
the challenge of anticipating, detecting, and effectively responding to food-
borne threats to health. In the United States alone, food-borne agents cause
approximately 48 million illnesses, 128,000 hospitalizations, and 3,000 deaths
each year (Scallan et al., 2011b). This figure likely represents just the tip of the
iceberg, because it fails to account for the broad array of food-borne infections
that run the gamut from asymptomatic to serious disease with complications
such as renal failure and death? or for the wide-ranging repercussions they can
have for consumers, government, and the food industry—both domestically and
internationally.

Most food-borne illnesses are preventable. The interconnectedness of individ-
ual, regional, and global public health; the health of the planetary environment(s);
and billions of food animals and wildlife would suggest the need for a new
paradigm—one that shifts away from a reactive to a more anticipatory, proactive
approach to food safety. Such a prime example might be captured in a “One
Health” approach to food safety—which has been defined as “the collaborative
effort of multiple disciplines—working locally, nationally, and globally—to attain
optimal health for people, animals and the environment” (AVMA, 2008).> Were
such an approach to be implemented for food safety, it may hold the promise of
harnessing and integrating the expertise and resources from across the spectrum
of multiple health domains including the human and veterinary medical, and plant
pathology, communities with those of the wildlife and aquatic health and ecology
communities.

Statement of Task

Such transdisciplinary synergies could reveal important insights into sources,
reservoirs, and factors underlying emergence of infectious diseases; trace and
disrupt pathways that lead to food contamination; and contribute to creating
systems needed to anticipate and prevent adverse health impacts associated with
emergence and spread of novel, emerging, or reemerging food-borne diseases.
On December 13 and 14, 2011, the Institute of Medicine’s (IOM’s) Forum on
Microbial Threats hosted a public workshop that examined the potential of a
“One Health” approach to improve the safety of the food supply domestically and

2 For the purposes of this workshop summary report, food-borne illness refers to a broad group of
illnesses that are caused by the consumption of food contaminated with viruses, bacteria, or parasites
that are pathogenic in susceptible human hosts (Tauxe et al., 2010). Food-borne illness is also referred
to as food-borne disease, food-borne infection, or food poisoning.

3 There are many, many definitions for “One Health.” The definition from the American Veterinary
Medical Association (AVMA) is being used for convenience.
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4 IMPROVING FOOD SAFETY THROUGH A ONE HEALTH APPROACH

globally. Through invited presentations and discussions, workshop participants
explored existing knowledge and unanswered questions on the nature and extent
of food-borne threats to health, and considered the structure of food systems, the
spectrum of food-borne threats, and the particulars of illustrative case studies.
Participants also reviewed existing research, policies, and practices to prevent
and mitigate food-borne threats and identified opportunities to implement and
strengthen practices informed by One Health throughout the global food system.

Organization of the Workshop Summary

This workshop summary was prepared by the rapporteurs for the Forum’s
members and includes a collection of individually authored papers and com-
mentary. Sections of the workshop summary not specifically attributed to an
individual reflect the views of the rapporteurs and not those of the members of
the Forum on Microbial Threats, its sponsors, or the IOM. The contents of the
unattributed sections of this summary report provide a context for the reader to
appreciate the presentations and discussions that occurred over the 2 days of this
workshop.

The summary is organized into sections as a topic-by-topic description of
the presentations and discussions that took place at the workshop. Its purpose is
to present information from relevant experience, to delineate a range of pivotal
issues and their respective challenges, and to offer differing perspectives on the
topic as discussed and described by the workshop participants. Manuscripts and
reprinted articles submitted by some but not all of the workshop’s participants
may be found, in alphabetical order, in Appendix A.

Although this workshop summary provides a description of the individual
presentations, it also reflects an important aspect of the Forum’s philosophy. The
workshop functions as a dialogue among representatives from different sectors
and allows them to present their views about which areas, in their opinion, merit
further study. This report only summarizes the statements of participants at the
workshop over the course of 2 consecutive days. This workshop summary is not
intended to be an exhaustive exploration of the subject matter nor does it rep-
resent the findings, conclusions, or recommendations of a consensus committee
process.

Recent Food-Borne Outbreaks: The Changing Nature of the “Threat”

Recent, well-publicized, national and international outbreaks*—discussed
in greater detail in Box WO-3, “The Changing Nature of the Threat” (found
on pages 36-43)—of food-borne illnesses and death illustrate their far-reaching

4 In public health practice, a food-borne disease outbreak is defined as the occurrence of two or
more cases of similar illness resulting from the ingestion of a common food (CDC, 2012).
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public health and economic consequences. Today, the ecological context of food
encompasses the planet, as food commodities are traded across the globe and the
ingredients in a single meal may be obtained from hundreds of sources in dozens
of countries. Multistate and multicountry outbreaks of food-borne morbidity and
mortality linked to Listeria in cantaloupe; Salmonella spp. in eggs, ground turkey,
and ground beef; and Escherichia coli in bean sprouts are but some of the most
recent examples of a growing threat to health, trade, and local economies.

Listeria Contamination of Cantaloupe

One of the largest and deadliest multistate outbreaks of listeriosis in the
United States occurred in late summer of 2011. The incident marked the first
time that Listeria contamination had been linked to whole cantaloupe and one
of the few times it had been linked to fresh produce (Figure WO-3-3) (CDC,
2011g). As of November 1, 139 individuals® had become ill after being infected
with the outbreak strain of Listeria; 29 deaths and 1 miscarriage had also been
attributed to infection (CDC, 2011f). In response to the Centers for Disease
Control and Prevention (CDC) outbreak investigation, the cantaloupe producer,
Jensen Farms of Holly, Colorado, announced a voluntary recall of the 300,000
cases of cantaloupes produced between July 29 and September 10 (CDC, 2011f;
FDA, 2011c). The recall included 1.5 to 4.5 million melons that were distributed
at supermarkets and chain stores in at least 28 states.

Salmonella Enteritidis Contamination of Chicken Eggs

In late 2010, an outbreak of Salmonella Enteritidis infections led to the recall
of more than half a billion shell eggs (CDC, 2010). More than 1,900 people in
11 states became ill, and epidemiological investigations traced the source of
the outbreak to eggs supplied by two Iowa egg farms: Wright County Egg and
Hillandale Farms. Environmental samples confirmed the presence of the outbreak
strain on both farms. A contaminated feed mill provided a connection between
these two farms, as Wright County Egg used finished feed from this mill to
raise the flocks of egg-laying hens that populated all of the Wright County Egg
and Hillandale Farms facilities in Iowa (FDA, 2010a). In August 2010, Wright
County Egg and Hillandale Farms conducted nationwide voluntary recalls of
shell eggs. Recalled eggs had been packaged under a dozen different brand names
and distributed to grocery distribution centers, retail grocery stores, and food-
service companies located in 22 states and in Mexico (FDA, 2010a). Salmonella
Enteritidis contamination is not limited to large, industrial-scale, egg producers.
In October 2011, an outbreak of Salmonella Enteritidis in Minnesota was traced
to eggs produced by the Larry Schultz Organic Farm in Owatonna. These eggs

3 The mean age of all people infected was 78.
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were subsequently distributed to restaurants, grocery stores, food wholesalers,
and co-ops in Minnesota, Wisconsin, and Michigan and sickened at least six
individuals (Food Safety News, 2011).

Salmonella Heidelberg in Ground Turkey

Between March and September 2011, at least 136 persons from 34 states
were infected with the outbreak strain of Salmonella Heidelberg (USDA, 2011a).
On July 29, the U.S. Department of Agriculture’s (USDA’s) Food Safety and
Inspection Service (FSIS) issued a public health alert about the potential associa-
tion of these illnesses with the consumption of ground turkey (USDA, 2011a).
The outbreak strain of Salmonella Heidelberg is resistant to several commonly
prescribed antibiotics, such as ciprofloxacin, ceftriaxone, and trimethoprim-
sulfamethoxazole. This antibiotic resistance may be associated with an increase
in the risk of hospitalization or possible treatment failure in infected individuals
(CDC, 2011b). Il persons range in age from less than 1 year to 90 years old, with
a median age of 23 years (CDC, 2011Db).

Epidemiological and traceback investigations, as well as in-plant findings,
determined a link between disease outbreak and ground turkey products produced
by the Springdale Arkansas establishment of Cargill Meat Solutions (USDA,
2011a). On August 3, 2011, Cargill recalled approximately 36 million pounds
of fresh and frozen ground turkey products (CDC, 2011b). In addition to the
recall, Cargill addressed conditions in the processing facility. The plant where
the turkey was processed was completely disassembled, steam-cleaned, treated
with an antibacterial wash, and equipped with the most current monitoring and
sampling system. Unfortunately, less than a month later, another 185,000 pounds
of turkey—produced at the same factory—was recalled with the same strain of
Salmonella (CDC, 2011Db).

E. coli 0104:H4 Contamination of Fenugreek Seeds

Outbreaks of food-borne diseases increasingly span multiple states and coun-
tries, and recall efforts can shut down global markets of entire product lines. The
outbreak of a rare strain of E. coli O104:H4, first identified in northern Germany
in May 2011, resulted in 4,321 outbreak cases, including 3,469 cases of Shiga
toxin—producing E. coli and 852 cases of hemolytic-uremic syndrome (HUS),
and 53 deaths had been reported in 14 European countries, the United States,
and Canada® when the epidemic was declared to be over at the end of July 2011

6 The majority of illnesses associated with this outbreak were reported in Germany and France.
Cases were also reported in Austria, Canada, the Czech Republic, Denmark, Greece, Luxembourg,
the Netherlands, Norway, Poland, Spain, Sweden, Switzerland, the United Kingdom, and the United
States. Cases outside of Germany and France are suspected to be travel-related or incidences of
secondary spread of infection by those who had recently travelled to the affected area in Germany.
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(Buchholz et al., 2011; Burger, 2011; Robert Koch Institute, 2001; WHO, 2011).
Confusion over the source of the outbreak caused economic losses and political
frictions that transcended national boundaries and continue to this day. The Euro-
pean Union approved U.S.$287 million in emergency aid for European vegetable
farmers affected by the crisis—a sum estimated to be a mere fraction of actual
losses (Marucheck et al., 2011).

THE GLOBAL FOOD SYSTEM

Globalization of the food supply has served to expand the range of food-
borne pathogens as well as to amplify health and economic impacts of a single
contamination incident. Production, processing, and distribution of food increas-
ingly takes place across vast and complex networks—each part or pathway of
which must be working optimally—without the introduction of contaminants and/
or adulterants that could taint the final product(s).

The U.S. food supply is composed of thousands of types of foods,” much
of it grown and processed elsewhere (Figure WO-2). The increased distance be-
tween the sources of production and consumption is a global phenomenon; more
than two-thirds of countries are now net importers of food (Buzby et al., 2008).
In 2010, the United States imported an estimated 10 to 15 percent of all food
consumed by U.S. households, including more than three-quarters of the fresh
fruits and vegetables and more than 80 percent of fresh or frozen fish and seafood
(FDA, 2011a). Upon arrival, these products—along with domestically produced
foodstuffs—are typically distributed across the country from central facilities.
The meat prepared and consumed at a typical American table, for example, has
traveled 1,000 miles from its farm (or farms) of origin (Chalk, 2004).

Innovations such as refrigeration, transportation (air, sea, and land), and
instantaneous communication support food distribution systems that can rapidly
transport perishable goods, provide just-in-time restocking of non-perishable
items, and take advantage of economies of scale (ERS, 2001; FDA, 2011a). These
innovations have also linked U.S. food safety concerns to conditions in the more
than 200 countries and territories from which the United States imports food
(IOM, 2010b). An estimated 200,000 overseas facilities are registered with the
Food and Drug Administration (FDA) to sell foods to the United States, and there
are likely substantial variations in the sanitation and hygiene practices at these
facilities (Taylor, 2009). Screening processes at the more than 300 U.S. ports of
entry identify and reject contaminated or damaged goods; yet, just barely 1 per-
cent of all foods imported into the United States are subjected to border inspec-
tions (CRS, 2009). This reality along with the complexity of food distribution

7 According to the Food Marketing Institute, the average number of items stocked by U.S. grocery
stores is approximately 39,000 (FMI, 2010). In the 1950s, U.S. grocery stores stocked an average of
300 food items (Dupont, 2007).
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makes food extremely vulnerable not just for inadvertent microbial and chemical
contamination but also for potential intentional or bioterrorist activities.

Emerging Food-Borne Diseases and the One Health Paradigm

The workshop opened with a keynote presentation by two speakers, Lonnie
King of The Ohio State University (Dr. King’s contribution to the workshop sum-
mary report may be found in Appendix A, pages 218-225.) and Peter Daszak of
EcoHealth Alliance (Dr. Daszak’s contribution to the workshop summary report
may be found in Appendix A, pages 130-140.). They discussed the convergence
of factors leading to the global emergence of food-borne diseases and defined the
principles of One Health, which they characterized as a paradigm for addressing
the complex problem posed by these conditions and diseases.

King, referring to the Forum on Microbial Threat’s longstanding “conver-
gence model” of factors influencing infectious disease emergence (IOM, 2003),
characterized the spectrum of global threats to food safety and why diseases
emerge (illustrated in Figure WO-3) as a “perfect microbial storm.”

King went on to discuss the many factors that influence the complex inter-
actions among host, pathogen, and environment that can lead to the emergence
or reemergence of infectious diseases (IOM, 1992, 2003; and illustrated in Fig-
ure WO-3). Several environmental factors are of particular relevance in driving
emergence and spread of food-borne pathogens, including, but not limited to the
following:

 Intensive agricultural practices. In the drive for efficient production, prac-
tices such as raising and transporting large livestock herds, flocks of birds,
or schools of fish or shellfish in close quarters create ideal conditions for
disease emergence and spread (King, 2004).

o Increased interactions between humans, domestic animals, and wildlife.
Often caused by habitat destruction, changing land-use patterns, and hunt-
ing of animals for food or for the food trade, increased contact between
humans, animals, and their associated microbes also increases the poten-
tial for pathogen transmission between animal species or between humans
and animals (Pike et al., 2010).

» Environmental “commons” such as water. Contamination of common re-
sources distributes and increases both the risk of pathogen emergence and
chemical contaminants and can be spread across different farms, regions,
states, and nations.

As previously discussed, approximately 48 million cases of food-borne ill-
ness occur annually in the United States—1 for every 6 residents (CDC, 2011a;
Scallan et al., 2011a). Extrapolating that figure to a global scale, King estimated
that at least 1 billion cases of food-borne disease arise annually—a largely silent

Copyright © National Academy of Sciences. All rights reserved.
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Convergence Model

Physical and
Environmental
Factors

ELD

Humans

FIGURE WO-3 The convergence model.
SOURCE: King (2011).

“raging epidemic.” Moreover, as Daszak observed, significant emerging viral
diseases such as HIV/AIDS® and severe acute respiratory syndrome (SARS)?
should be characterized as food-borne pathogens, in view of the fact that their
introduction into humans and subsequent transmission is intimately linked to the
provision of food. These include a large number of viruses that have jumped from
wildlife or livestock into humans who hunt for bush meat (HIV/AIDS) or who
butcher and process exotic and domesticated animals in wet markets'? (Rasko et
al., 2011).

8 Emergence of HIV and Ebola hemorrhagic fever is likely associated with the butchering and
percutaneous and mucous membrane exposure to blood and body fluids of nonhuman primates hunted
for food in Sub-Saharan Africa.

9 The SARS outbreak was associated with the trade of a small carnivore, the palm civet, sold for
human consumption in Guangdong Province, China. Subsequent investigations found the virus in
other wild animals sold in Guangdong’s markets as well as domestic cats. Human infection was the
direct result of contact with these animals. The virus was later determined to be of bat origin.

10 A wet market is generally an open food market. The main characteristics of the market have
traditionally been associated with a place that sells live animals out in the open. The collection may
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Trends Threatening Food Safety

Several workshop presentations addressed the complex and interconnected
factors influencing food safety, among them the following key trends introduced
by King and Daszak. Several of these trends have been discussed in depth in
previous Forum workshop summary reports, including Addressing Foodborne
Threats to Health (IOM, 2006), Infectious Disease Movement in a Borderless
World (I0M, 2010c), and Antibiotic Resistance: Implications for Global Health
and Novel Intervention Strategies (IOM, 2010a).

Growth, migration, and aging of human populations As depicted in
Figure WO-4, the overwhelming majority of global population growth is occur-
ring in developing countries. An estimated 1 billion people reside in periurban
slums, which, King noted, are home to the fastest-growing human populations;
by 2020 their numbers are expected to increase by 50 percent (UN, 2006).
These areas are potential hotspots for infectious disease emergence, including
water- and food-borne diseases, he observed.

At the same time, human migration from rural to urban settings is just one
facet of the more general phenomenon of increased migration—of humans,
animals, plants, and diseases, King continued. “More than 1 billion people cross
international borders every year, often bringing their food with them,” he stated.
Meanwhile, populations in developed countries such as the United States are
aging and, therefore, increasingly vulnerable to illness associated with consump-
tion of foods tainted by food-borne pathogens.

Globalization of food trade We live in a world of “collapsed space,” King
observed, and it is becoming increasingly smaller, faster, and more intercon-
nected. Vast amounts of food and food products move around the world, as he
and several other workshop speakers observed. The global nature of food supply
chains is reflected in the United States, he said, where approximately 75 percent
of processed food items contain ingredients from another country.!! Upon arrival,
these products—along with domestically produced raw and finished foodstuffs—
are typically dispersed hundreds or thousands of miles across the country from
central distribution or processing facilities. Food distribution networks are de-
signed to rapidly move perishable goods, to provide just-in-time restocking of
nonperishable items, and to take advantage of economies of scale (Sobel, 2005).
Unfortunately, he added, there is a “disconnect between health and commerce”

include poultry, fish, reptiles, and pigs. Depending on the region, animals are usually caged and killed
for live preparation. Fresh fruits and vegetables are also available. Wet markets generally include
butcher shops and fish markets, which are in a separate section from the fruit and vegetable stalls.
(University of Hong Kong Social Mapping Project: http://www.wix.com/geog3414/geog3414-wet-
market; accessed April 24, 2012).

' On an annual basis, this country imports more than 75 percent of its fresh fruits and vegetables
and more than 80 percent of its seafood (FDA, 2011a).
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FIGURE WO-4 Trends in global population: 1950-2015.
SOURCE: King (2011).

and, as a result, “real concern about the vulnerability of these remarkable food
systems to unintentional natural or even intentional introduction of pathogens
and contaminants.”

Increased meat consumption Since 1983, meat consumption has risen steadily
in developed countries and steeply in developing countries. As illustrated in
Figure WO-5, this exponential growth in the developing world is expected to
continue through the next decade. In 2010, nearly 30 billion food animals were
produced to help feed the world’s 7 billion people, King reported. If the demand
curve for animal protein continues to grow as projected—by more than 50 percent
over the next two decades—another 15 billion animals will be needed to feed the
world’s estimated population of 9 billion people.

Expansion of the human-animal interface All three trends described above
have led to increased contact between humans and animals. Humans migrating
from rural areas to urban centers bring their domestic animals such as poultry,
swine, and cattle along with them. Eventually, King observed, all agricultural
activity will shift toward urban areas. Meanwhile, the expanding human popula-
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FIGURE WO-5 World meat consumption, 1983-2020.
SOURCE: King (2011).

tion’s demand for meat drives increased contact between hunters and wildlife, as
well as the intensification of livestock production. “We have never experienced
the intensity and scope of the human—animal interface that we observe today,” he
stated. “This is, I think, the great possibility for emerging zoonoses, and certainly
food-borne illnesses and rapid changes in our environment.” As illustrated in
Figure WO-6 on why diseases emerge, it is essential to understand how pathogen
behavior changes in response to environmental upheaval, such as the transition to
intensive agriculture, he said.

“What we have now is an incredibly difficult system, a mixture of very
intensively farmed production animals in developed countries, with a huge global
connectivity,” Daszak added. At the same time, in some parts of the world, and in
increasingly remote areas, wildlife continues to be hunted, in increasingly remote
areas, he said, “so it really is no surprise that we’re seeing new pathogens that
have a higher and higher impact and are emerging at a growing rate.”

Addressing the “Wicked Problem” of Food Safety with a One Health Paradigm

King introduced the concept of the “wicked problem,” as defined in
Box WO-1, and explained why the quest for safe food in a globalized environ-
ment fits that definition. The term “wicked problems”—referring to problems that
arise in complex and interdependent systems and that are difficult or impossible
to solve because of incomplete, contradictory, changing, or incomprehensible
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Why Diseases Emerge

Genetic and biological factors
Microbial adaptation and change
Human susceptibility to infection
Physical environmental factors
Climate and weather

Economic development and land use
Ecological factors

Changing ecosystems

Human demographics and behavior
Social, political, and economic factors
International travel and commerce
Poverty and social inequity

War and famine
Lack of political will
Intent to harm

FIGURE WO-6 Why diseases emerge.
SOURCE: King (2011).

BOX WO-1
Wicked Problems

Wicked problems often arise as organizations face constant or unparalleled
change, and in social contexts featuring numerous stakeholders with diverse
opinions. The problem of food safety fits this description and displays the following
characteristics that define a wicked problem:

complex and tangled;

unprecedented and unique, unrelated to past experiences;

difficult to define and enigmatic;

having many possible solutions, none of which involves an either/or, yes-
or-no choice;

one for which any solution may generate unexpected consequences;
threatening; and

often a symptom of another problem.

SOURCES: Ackoff (2008); King (2011).
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requirements—surfaced in the social sciences during the 1960s and was formally
defined in the social policy literature a decade later. The concept subsequently has
been generalized to other disciplines, such as economics, environmental science,
politics, and business (Ackoff, 2008).

Wickedness, he said, does not refer to the difficulty of such problems, but to
their inability to be solved by standard approaches. “We have made some really
good progress in food safety, without question, but we continue to come back
with problem after problem, and new problems emerge,” King observed. He went
on to note that it may be time “to think about whether these traditional processes
and the way we operate still resolve these difficult and emerging problems.”

Traditional approaches for ensuring food safety are rooted in principles of
medical training and education that attempt to define a problem, make a diagno-
sis, and prescribe a treatment, King explained. A One Health paradigm recognizes
the interconnectedness of people, animals, and the environment and emphasizes
disease prevention. As discussed in greater detail in King’s contributed manu-
script in Appendix A (see pages 218-225), One Health is the collaborative effort
of multiple disciplines working locally, nationally, and globally to attain optimal
health for people, animals, and our environment. The scale and complexity of
food safety issues demand that scientists, researchers, and others move beyond
the confines of their own disciplines, professions, and mindsets and explore new
organizational modes of team science; a One Health concept embodies this dec-
laration. The scope of One Health is impressive, broad, and growing. Much of
the recent focus of One Health has been limited to emerging infectious diseases,
yet the concept clearly embraces environmental and ecosystem health, social
sciences, ecology, non-infectious and chronic diseases, wildlife, land use, anti-
microbial resistance, biodiversity, and much more.

While these components are appreciated within our understanding of the
broad dimensions of health, they also add to the complexity of One Health and the
difficulty in implementing strategies, building effective coalitions, and mobilizing
scientific communities who embrace One Health yet who have been trained and
think in much narrower scope and scale. Although there may be disagreement on
the exact definition of One Health there is broad consensus that a new framework
for preventing food-borne diseases is essential rather than the alternative of con-
stantly responding to them reactively.

The concepts expressed as One Health are not new but are predicated on the
discoveries of Louis Pasteur in the late 19th century and were widely accepted
before the advent of specialized medicine, King observed. He speculated that
these concepts have “re-emerged” as One Health because they place the problem
of infectious disease emergence within ecosystems, a relationship championed
by the late Nobel Laureate Joshua Lederberg, a founding member of the Forum
on Microbial Threats. In his essay “Infectious History,” Lederberg observed that
“an axiomatic starting point for progress [against emerging infectious diseases]
is the simple recognition that humans, animals, plants, and microbes are cohabi-
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tants of this planet. That leads to refined questions that focus on the origin and
dynamics of instabilities within this context of cohabitation. These instabilities
arise from two main sources loosely definable as ecological and evolutionary”
(Lederberg, 2000).

Taking a One Health approach to food safety is an example of changing para-
digms, as described by philosopher of science Thomas Kuhn in his seminal work,
The Structure of Scientific Revolutions (Kuhn, 1996), according to King. With
regard to the science of food safety, we have reached an era when old models
are failing, but new models have yet to be created; a time when basic assump-
tions must be questioned and changed. Table WO-1 lists several key parameters
underlying the paradigm shift to One Health.

Such changes need not be led by the scientific community. King observed
that, in the case of food safety, the paradigm shift to One Health may be con-
sumer-driven. Indeed, he continued, One Health should be considered in terms of
its economic benefits to stakeholders, and its value judged according to evidence
of its superiority to current approaches to food safety, or to alternative models.
“The evidence has to be based on metrics of reduced costs, reduced or elimination
of cases and deaths, [and greater] effectiveness,” he said.

TABLE WO-1 Understanding the One Health Paradigm for Food Safety

Dimension

From

To

Problem solving

Perspective

How work is done

With whom work is done

Where work is done

What we work on

Surveillance and information

Time line

Specific, technical solutions
that exist

Fragmented and siloed

Individual and often isolated

Without partners

Focus on human illness

Single domain

Limited to human health
and disconnected from other
domains

Reactive and emphasis on
treating disease

Managing complex dilemmas
and wicked problems

Systems approach, integrated
and holistic

Collaborative and across
disciplines and professions

Partners; government, industry,
academe, and public/consumers
Closest to origin of infection or

contamination

Human, animal, and
environmental health domains

Food, animals, environment, and
peoples; shared data

Proactive, preventive, and
anticipatory

SOURCE: King (2011).
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“In many of its current forms, the concept of One Health is long on
visionary scope and maddeningly short on tangible specifics and short
term action steps for implementation.”
—Peter Rabinowitz (2010)

Key Challenges and Questions

Many workshop participants, in the discussion that followed the keynote
presentations of King and Daszak, focused on the challenges and questions to be
addressed in pursuing a One Health approach to preventing food-borne diseases.
The following issues, summarized below, were identified by many participants
as significant barriers to this goal:

 Public health agencies have yet to adapt to globalization, which demands that
they collaborate and cooperate to reduce the burden of food-borne disease.

« Regulation involves negotiating national and regional differences in
approaches to food safety.

» The “stovepiped” state of scientific training, research, and funding inhibits
interdisciplinary and transdisciplinary research and collaboration.

« There is a need to train medical, veterinary, and public health professionals
in One Health precepts.

Many workshop participants suggested that the questions captured in bullet
points below might stimulate new ways of thinking about the process of adopting
a One Health approach to food safety:

« What are the greatest threats to the global food supply, and which of these
threats are most amenable to intervention?

» Despite the “wickedness” of emerging food-borne diseases, can promising
“control points” be identified that will increase the likelihood of predict-
ing or preventing potential outbreaks? Can one elucidate ecological rules
that govern disease emergence?

e What novel approaches might be taken to increase “upstream” surveil-
lance of food-borne diseases and their associated risk factors?

« What incentives might increase participation by the food industry in such
efforts?

» What are the key scientific questions from the One Health perspective that
should be pursued but which are not currently given sufficient attention?

«  What metrics must be developed to evaluate the effectiveness of interven-
tions based on One Health?

These challenges and questions laid the foundation for ongoing discussions
throughout the 2 days of the workshop.
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Overview of the Global Food System

Will Hueston, of the University of Minnesota, began his presentation on the
global food system with a brief history of human food systems, from the time of
hunter-gatherers to today’s complex, interdependent, globalized world in which,
he said, “everyone trades food.” (Dr. Hueston’s contribution to the workshop sum-
mary report can be found in Appendix A, pages 189-198.) According to Hueston,
food systems emerged with the dawn of civilization when agriculture, including
the domestication of animals, set the stage for permanent settlements. Inhabit-
ants could grow more crops and raise more animals than necessary to feed those
who tended them. This changed human culture; unlike earlier hunter-gatherers,
agriculturalists did not need to be in constant motion to find new sources of food.
Cultivating grain allowed for drying and storage of some of the harvest for later
consumption. Different grain cultures emerged in each of the cradles of civiliza-
tion—maize in Mexico, rice in China, and wheat and barley in the Middle East.
The ability to produce a surplus of grain also set the stage for the development
of art, religion, and government.

Hueston observed that, since agriculture began, food systems have constantly
evolved, with each change bringing new advantages and challenges and ever-
greater diversity and complexity. In the early 1900s people in the United States
bought mostly unprocessed foodstuffs from local producers to be prepared and
consumed in the home (CAST, 2004). More than a century later, one hamburger
from Burger King® can contain ingredients from approximately 200 suppliers
located throughout the United States and around the world (Scholl, 2005). And
this is just one of the many food choice options available to more than 8 million
customers served each day at more than 11,000 Burger King outlets worldwide
(Scholl, 2005). Figure WO-7 illustrates both the breadth and the intricacy of cur-
rent supply chains, through the example of the “inputs” and ingredients for the
creation of a classic “megaburger.”

Each of the ingredients listed may come from multiple sources and multiple
countries, depending upon the ingredient, time of year, and price of the commod-
ity. Hueston predicted that the future will bring even longer and more complex
food supply chains, in part because of the increasingly urbanized global popula-
tion, and also in response to consumer demand in terms of purchasing power
combined with a desire to purchase any kind of food year-round.

Moreover, as illustrated in Figure WO-8, vast—and, in some cases,
unknown—numbers of farms and livestock operations, processors, packers,
shippers, and retail outlets comprise the current global food system, upon which
the U.S. food supply'? increasingly depends. This complex, dynamic web of
relationships is prone to the sorts of “wicked problems” described by King.

12 Altered dietary habits, higher living standards, and lifestyle changes have contributed to changing
patterns of food consumption (ERS, 2001, 2005). In a later presentation, David Acheson, of Leavitt
Partners, LLC, stated that approximately 15 percent of the food currently consumed in the United
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FIGURE WO-7 Global supply chain complexity: Origin and contents of a generic
“megaburger.”

SOURCE: Shaun Kennedy, Director, National Center for Food Protection and Defense,
University of Minnesota, as cited by Hueston (2011).
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Hueston insisted that there is no single global food system but rather a mul-
titude of interdependent food systems driven by the diverse needs of different
countries and populations. These interconnected systems are also affected by
environmental conditions and advancements in technology, he observed. “There
is no best system,” he said, “and . . . every success in improving one food system
perturbs the whole system of systems and changes the nature of [global] food
safety problems.”

Hueston identified some of the characteristics of this “system of systems”
and trends of particular relevance to One Health and the future of food safety:

1. Continuous and dynamic change: Food systems adapt to a host of fac-
tors, including trade patterns, population growth, political upheaval, social
instability, and advances in technology. The global “system of systems”
exhibits properties that are not predictable from its individual subsystems;
for example, a small, local perturbation may have a large effect at a global
level, or it may have a proportional effect, or none at all.

2. Panarchy: Exponential growth in connectedness and efficiency makes
systems less and less resilient, which inevitably leads to collapse. After-
ward, systems return to a state of greater resilience, with fewer connec-
tions and less efficiency. This model could describe the peril of food

States is imported; this includes more than 70 percent of seafood and 50 percent of fresh produce sold
in this country. Over the past decade, the amount of food importation into the United States grew by
more than 10 percent per year.
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systems dependent entirely on “just-in-time” supply chains; the more
interconnected and efficient they become, the greater their vulnerability
to failure at multiple points.

3. Demand-driven economy: “Big-box” stores, multinational fast-food
chains, and large processors compete to meet consumer demands—
including the demand for safe food—at the lowest possible price. As a
result, coalitions of companies are setting standards for food safety ahead
of governments and international organizations.

4, Culture clash: Countries and cultures differ in assigning responsibility
for food safety. In many developing countries, Hueston observed, “they
cook the heck out of everything . . . [so] there is no microbial food safety
threat.” In such cultures, consumers are assumed to be responsible for the
safety of their food.

Workshop participants considered another consumer demand trend in sub-
sequent discussion—foods that are locally raised by small (often organic) pro-
ducers. “There is pressure in a number of states to expand the exclusion of small
producers from any and all food safety regulation,” Hueston noted; such exemp-
tions already exist for small producers of meat and poultry. “I applaud the enthu-
siasm and commitment of the individuals involved, and I am horrified at the lack
of knowledge of basic sanitation,” he said. “Public health interventions that have
been successful over the years in reducing the likelihood of food-borne illness are
now called into question,” Hueston observed. “When we no longer see the prob-
lem, then we don’t think the problem exists. It’s the curse of high health status.”

Dr. Robert Tauxe, of the CDC, identified the desire for locally sourced
food as arising from a need to know who is responsible and accountable for food
safety. (Dr. Tauxe’s contribution to the workshop summary report can be found
in Appendix A, pages 307-331.) “I depend entirely on the people who produced
it to make sure it’s safe, so I have some comfort at least, if I know who they are,”
he said. He urged the food industry to consider satisfying that need by provid-
ing information to consumers as to the origins of their products and ingredients.
“Maybe that captures some of that market interest and increases the safety of
all,” he concluded.

Given these conditions, we must accept that no one system can make food
unfailingly safe, and that the problem of food safety cannot be understood in
its entirety, Hueston argued. While we need to act to make food safer, we also
need to recognize that every action we take perturbs the system, he continued;
that will require systems thinking, shared leadership among all stakeholders, and
a holistic view of public health and its relationship to the health of ecosystems,
economies, and societies.

Hueston also observed that such a multifaceted approach is consistent with
the One Health paradigm. He also noted that similar thinking informed the
definition of health adopted by the World Health Organization (WHO) at its in-
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ception in 1946 as a “state of complete physical, social, and mental well-being,
and not merely the absence of disease or infirmity.”!3> The WHO and the Food
and Agriculture Organization (FAO) of the United Nations (Joint FAO/WHO
Food Standards Programme) jointly defined food safety as “all the conditions
and measures necessary during production, processing, storage, distribution, and
preparation of food to ensure that it is safe, sound, wholesome, and fit for human
consumption [sic].”!*

“We need to move from finger-pointing to shared leadership,” Hueston
asserted. He envisioned a new model of partnership that engages the food industry
through a flexible and realistic regulatory system. ‘“Voluntary compliance [with
food safety standards], building a trusting relationship between the food industry
and public health, has a much higher likelihood of achieving prompt action early
in an epidemic and preventing illness and saving lives,” he concluded. “This isn’t
something that’s going to be solved by regulation.” Partnership between govern-
ment and industry, a central theme of workshop discussion, is further considered
in the final two sections of this overview.

COMMON FOOD-BORNE PATHOGENS IN THE UNITED STATES

More than 250 pathogens and toxins are known to be transmitted by food,
and this list continues to grow steadily, Robert Tauxe reported. Table WO-2 lists
food-borne pathogens identified since 1970, which include several nonbacterial
organisms.

In the United States, the food-borne pathogens Campylobacter, Clostridium
perfringens, E. coli, Listeria monocytogenes, Norovirus, Salmonella spp., and
Toxoplasma account for more than 90 percent of all symptomatic food-related
illnesses with a known cause. These are briefly discussed in Box WO-2.

13 The Constitution of the WHO (1946) states that good health is a state of complete physical,
social, and mental well-being, and not merely the absence of disease or infirmity. Health is a resource
for everyday life, not the object of living, and is a positive concept emphasizing social and personal
resources as well as physical capabilities. Health is a fundamental human right, recognized in the
Universal Declaration of Human Rights (1948). It is also an essential component of development,
vital to a nation’s economic growth and internal stability. Along with the traditional and unequivocal
arguments on social justice and the importance of health, it is now accepted that better health
outcomes play a crucial role in reducing poverty. There is also increased understanding of how
health fits into a wider cross-sectoral, cross-border, and globalized framework. Source: http://www.
who.int/trade/glossary/story046/en/index.html.

14 The Codex Alimentarius Procedural Manual states that food hygiene “comprises conditions and
measures necessary for the production, processing, storage and distribution of food designed to ensure
a safe, sound, wholesome product fit for human consumption” (FAO/WHO, 2001; ftp://ftp.fao.org/
docrep/fao/005/Y2200E/Y2200E00.pdf).
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TABLE WO-2 Many of the Major Food-Borne Pathogens in the United States

Were Only Recently Characterized

Bacteria

Bacillus cereus

Brucella spp.

Campylobacter spp.*

Clostridium botulinum

Clostridium perfringens*

E. coli (STEC) 0157

E. coli (STEC) non-O157*

E. coli other diarrheogenic (not STEC or ETEC)*
Enterotoxigenic E. coli (ETEC)
Listeria monocytogenes*
Mycobacterium bovis

Salmonella spp. nontyphoidal
Salmonella enterica Serotype Typhi
Shigella spp.

Viruses
Astrovirus*
Hepatitis A virus
Norovirus*
Rotavirus*
Sapovirus

Parasites
Cryptosporidium*
Cyclospora cayetanensis*
Giardia intestinalis*
Taenia saginata

Taenia solium
Toxoplasma gondii*
Trichinella spp.

Streptococcus

Streptococcus spp. group A, foodborne
Vibrio cholerae, toxigenic (O1 and O139%)
Vibrio vulnificus*

Vibrio parahaemolyticus*

Vibrio spp., other

Yersinia enterocolitica*

NOTE: Pathogens that have emerged or been recognized as predominantly food-borne in the past 40
years are indicated with an asterisk (¥).
SOURCE: CDC (2011h); Tauxe (2002).

Recent Food-Borne Disease Outbreaks: Patterns
of Emergence and Lessons Learned

Even in the industrialized world, food-borne illness is a relatively common
phenomenon. The true incidence of food-borne illness is unknown because of a
combination of factors. A case of food-borne illness is only reported to a health
department if a person has become ill, has sought medical care, and has under-
gone diagnostic testing that has revealed evidence of a pathogen in stool or other
specimen. Diagnosed cases are therefore likely to represent only a small fraction
of the cases of food-borne illness that actually occur. It is likely that many people
do not seek medical attention for symptoms of food-borne illness. Moreover, the
diagnosis of some food-borne diseases is difficult, if not impossible, as illustrated
by the fact that “unrecognized agents” account for 81 percent of all U.S. food-
borne illnesses and hospitalizations and 64 percent of deaths (Mead et al., 1999;
Scallan et al., 2011a, 2011b). In developing countries, where food safety presents
even greater challenges, food-borne disease is a daily fact of life and a significant
cause of death due to diarrheal illness (Mead et al., 1999).
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BOX WO-2
The Seven Most Common Food-Borne Pathogens
in the United States

Campylobacter

Campylobacter spp. is one of the most common causes of diarrheal illness—
responsible for approximately 850,000 illnesses, 8,500 hospitalizations, and 76
deaths in the United States each year (Scallan et al., 2011b) (Figure WO-2-1).
Guillain-Barre syndrome, an acute paralytic illness that may leave chronic deficits,
can follow Campylobacter infections. Campylobacter spp. are part of the normal
intestinal flora of a wide variety of healthy domestic and wild animals? and are
often found associated with bodies of water such as water troughs and streams.
Most cases of campylobacteriosis are associated with eating raw or undercooked
poultry meat or from cross-contamination of other foods by these items; outbreaks
of Campylobacter-associated disease are also linked to unpasteurized milk or
contaminated water.

"
+

¢V

FIGURE WO-2-1 Scanning electron microscope image shows the characteristic
spiral, or corkscrew, shape of Campylobacter jejuni cells.

SOURCES: De Wood, Pooley, U.S. Department of Agriculture, Agricultural Research
Service, Electron Microscopy Unit.

2 Including cattle, sheep, goats, pigs, chickens, ducks, geese, wild birds, dogs, cats,
rodents, and marine mammals.
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Clostridium perfringens

Clostridium perfringens is a spore-forming bacterium that produces a toxin
estimated to cause nearly a million cases of food-borne illness, 440 hospitaliza-
tions, and 26 deaths in the United States each year (Scallan et al., 2011b) (Figure
WO-2-2). This organism is found in many “external” environments, as well as in
the intestines of humans and animals, and commonly on raw meat and poultry,
as well as in gravies and in dried or pre-cooked foods. C. perfringens spores can
survive high temperatures. Spores germinate during cooling and storage at tem-
peratures from 68°F to 140°F (20°C to 60°C). If food is served without reheating
to kill bacteria, live bacteria may be eaten and cause infection.

FIGURE WO-2-2 Clostridium perfringens bacterium. Colored TEM. Magnification
43,000x.
SOURCE: CNRI/Science Photo Library.

Escherichia coli

Escherichia coli comprise a large and diverse group of bacteria. Although
most strains of E. coli are harmless, others can be pathogenic to humans, includ-
ing Shiga toxin—producing E. coli (STEC). The most commonly identified STEC
in North America is E. coli O157:H7 (Figure WO-2-3). 0157 was first identified in
1982 in outbreaks of severe bloody diarrhea in North America. STEC live in the
guts of ruminant animals, including cattle, goats, sheep, deer, and elk. Other kinds
of animals, including pigs and birds, sometimes pick up STEC from the environ-

continued
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ment and may spread it (CDC, 2011c). Today almost any food vehicle in contact
with ruminant feces is a potential exposure source, including vegetables, sprouts,
fruits, meat products, juices, and milk. Drinking, recreational, and bathing waters
may be fecally contaminated. Novel transmission routes for outbreaks continue to
arise.
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FIGURE WO-2-3 This colorized scanning electron micrograph (SEM) depicts a
number of Escherichia coli bacteria of the strain O157:H7 (Magnification 6,836x).
SOURCE: Janice Haney Carr, CDC Public Health Image Library (10068).

Listeria monocytogenes

Listeriosis—a serious infection usually caused by eating food contaminated
with the bacterium Listeria monocytogenes—is a relatively rare disease with a
high mortality rate (20 to 30 percent) that makes it one of the deadliest food-borne
threats (CDC, 2011i; Weinstein, 2011) (Figure WO-2-4). The bacterium is found
in soil and water and is carried asymptomatically by numerous animal species.
The bacterium has been found in a variety of raw foods, such as uncooked meats
and vegetables, as well as in foods that become contaminated after cooking or
processing (CDC, 2011i). L. monocytogenes is considered an opportunistic patho-
gen and causes disease in older adults, pregnant women, newborns, and adults
with weakened immune systems (CDC, 2011i). Infections in pregnant women can
be devastating to the fetus, resulting in miscarriages, stillbirths, and birth defects.
Unlike many other food-borne pathogens, Listeria multiplies in cold environments
such as refrigerators (Jemmi and Stephen, 2006). It can quickly spread in damp
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buildings, dripping off pipes or ceilings onto food. Once Listeria bacteria get into
a food-processing factory, they can live there for years, sometimes contaminating
food products (Jemmi and Stephen, 2006).

FIGURE WO-2-4 False-color transmission electron micrograph (TEM) of a single
flagellate bacterium, Listeria monocytogenes. Magnification 5,700x at 35 mm size,
8,000x at 6 x 4.5 cm size.

SOURCE: A.B. Dowsett/Photo Researchers, Inc.

Noroviruses

Noroviruses are the most common source of gastroenteritis outbreaks in
the United States, causing nearly 21 million gastrointestinal illnesses annually
(Desai et al., 2011) (Figure WO-2-5). Fecal—oral spread is the primary mode
of transmission. The virus’s abilities to withstand a wide range of temperatures
(from freezing to 60°C) and to persist on environmental surfaces and food items
contribute to rapid dissemination, particularly via secondary spread (via food
handlers or to family members) (Glass et al., 2009). Food can be contami-
nated at the source (via contaminated water) or during preparation (Glass et al.,
2009). Recent evidence suggests the possibility of animal reservoirs, but direct
zoonotic transmission appears to be rare. Some noroviruses have been identi-
fied in animals—such as pigs and cattle—but none of these strains has yet been

continued
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detected in humans? (Glass et al., 2009; Koopmans, 2008). While usually asso-
ciated with cruise ships, a recent CDC study reports transmission of norovirus
among National Basketball Association players and staff during the winter 2010-
2011 season (Desai et al., 2011).

FIGURE WO-2-5 Transmission electron micrograph of norovirus virions.
SOURCE: Charles D. Humphrey/CDC Public Health Image Library (10708).

Salmonella

Salmonella is the leading bacterial cause of food-borne iliness in the United
States. The CDC estimates that more than 1 million people in the United States
contract Salmonella each year, with an average of 19,000 hospitalizations and
380 deaths (Scallan et al., 2011b) (Figure WO-2-6). Salmonella live in the intes-
tines of most livestock and many wild animals. Salmonella infection usually occurs
when a person eats food contaminated with the feces of animals or humans
carrying the bacteria. Salmonella outbreaks are commonly associated with eggs,

b Humans are believed to be the only host for human norovirus, but several genogroups
(Gll and GIV) contain both human and animal strains, raising the possibility of zoonotic
transmission.
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meat, and poultry, but these bacteria can also contaminate other foods such as
fruits and vegetables.®

FIGURE WO-2-6 Negatively color-enhanced scanning electron micrograph show-
ing Salmonella typhimurium (red) invading cultured human cells.

SOURCE: National Institute of Allergy and Infectious Diseases, National Institutes
of Health.

Toxoplasma gondii

Toxoplasma gondii is one of the world’s most common parasites (Figure
WO-2-7). Although cats are the only known host in which the parasite can com-

¢ More recently, the CDC has reported a total of 258 persons infected with the outbreak
strain of Salmonella Bareilly (247 persons) or Salmonella Nchanga (11 persons) from 24
states and the District of Columbia. The numbers of ill persons with the outbreak strain
of Salmonella Bareilly identified in each state are as follows: Alabama (2), Arkansas (1),
California (2), Connecticut (9), District of Columbia (2), Florida (1), Georgia (10), lllinois (23),
Louisiana (3), Maryland (24), Massachusetts (27), Mississippi (2), Missouri (4), Nebraska
(1), New Jersey (25), New York (39), North Carolina (4), Pennsylvania (20), Rhode Island
(6), South Carolina (3), Tennessee (2), Texas (4), Virginia (16), Vermont (1), and Wisconsin
(16). Thirty-two ill persons have been hospitalized, and no deaths have been reported. Col-
laborative investigation efforts of state, local, and federal public health agencies indicate that
a frozen raw yellowfin tuna product, known as Nakaochi Scrape, from Moon Marine USA
Corporation is the likely source of this outbreak. http://www.cdc.gov/salmonella/bareilly-05-02
(accessed May 3, 2012).

continued
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plete its life cycle, this parasite can use almost all warm-blooded vertebrates—
including humans—as hosts. T. gondii infections are estimated to cause
approximately 87,000 ilinesses, 4,400 hospitalizations, and 330 deaths each
year in the United States, making it the second leading cause of food-borne
mortality in the United States and the third leading cause of food-borne hospi-
talizations (Scallan et al., 2011b). The most common sources of Toxoplasma are
undercooked meat, animal feces, and transmission from mother to unborn child.
While most people infected with Toxoplasma experience no symptoms, unborn
children (who contract it from their mothers) and adults with compromised im-
mune systems risk serious side effects. An estimated 22.5 percent of the U.S.
population over the age of 12 has been infected with Toxoplasma. For some
countries, this figure is as high as 95 percent.

FIGURE WO-2-7 Colored transmission electron micrograph (TEM) of Toxoplasma
gondii parasites (green), cause of toxoplasmosis. This unicellular parasite is seen
here in liver tissue (pink). Magnification: 12,000x.

SOURCE: Moredum Scientific, Ltd./Photo Researchers, Inc.
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FIGURE WO-9 The true burden of food-borne disease remains unknown.
SOURCE: CRS, 2010. Adapted from CDC, “FoodNet Surveillance—Burden of Illness
Pyramid,” http://www.cdc.gov/FoodNet/surveillance_pages/burden_pyramid.htm.

Be that as it may, food-borne disease is a persistent and evolving threat to
global health. These diseases occur daily, in all countries—from the least to the
most developed—and are caused by consumption of foods and food components
contaminated with a variety of microorganisms. According to the CDC, more than
250 different food-borne diseases have been identified (CDC, 2011j). The health
impacts!® associated with these diseases can be acute or long term, including
episodes of mild to severe diarrheal illness, kidney failure, chronic arthritis, brain
or nerve damage, and death (CDC, 2011j). The health burden of these illnesses is
substantial,'® but because many cases are often not reported to health officials, the
true health impact of food-borne illness is unknown'!” (Figure WO-9). Outbreaks
of disease also cause billions of dollars in health care-related and industry costs
annually (CDC, 2011k).

Beyond the health effects of infection, food-borne illness can also cause sub-
stantial economic hardships. Salmonella infections cause approximately 1 million
food-borne infections and cost US$365 million in direct medical expenditures
annually. The societal cost of a single fatal case of E. coli (STEC) O157 infec-

15 The most severe cases tend to occur in the very old, in the very young, in those who have
compromised immune system function, and in healthy people exposed to a very high dose of an
organism (CDC, 2005).

16 Seventy percent of the 2.2 million deaths that occur each year due to acute diarrheal disease are
associated with either water- or food-borne contamination (WHO, 2007).

17 The WHO launched an initiative in 2007 to provide better estimates of the global burden of
food-borne disease. See http://www.who.int/foodsafety/foodborne_disease/ferg/en/.
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tion has been estimated at US$7 million (Frenzen et al., 2005). The USDA esti-
mates costs associated with medical expenses and losses in productivity due to
missed work and premature deaths attributed to five major types of food-borne
pathogens (Campylobacter, E. coli O157:H7, Shiga toxin—producing strains of
E. coli, Listeria monocytogenes, and Salmonella spp.) at US$6.9 billion annually
(Crutchfield and Roberts, 2000).

Several workshop presentations described the unfolding investigation, and
analysis, of recent food-borne disease events that have informed a One Health
view of food-borne disease emergence. To introduce this topic, Tauxe provided
both an overview of domestic trends in food-borne disease and a review of recent
progress toward reducing that threat.

Food-Borne Illness Trends in the United States

Tauxe illustrated the consequences of a health threat he called “common,
costly, and preventable” with the following statistics (Scallan et al., 2011a,
2011b):

» Each year, an estimated 48 million Americans—1 out of every 6—become
sick after eating contaminated food. Of them, 128,000 are hospitalized,
and 3,000 die. The domestic burden of disease associated with six major
food-borne pathogens is shown in Figure WO-10.

» Approximately 1,200 food-borne outbreaks occur annually in the United
States.

 Salmonella infections alone cost the United States US$2.8 billion.

* Preventing a single fatal case of E. coli O157 infection would save an
estimated US$7 million.

“Each one of these required a public health response somewhere, and almost
all of them were identified in the course of public health investigations of out-
breaks,” he observed. Many of these organisms (e.g., Campylobacter, E. coli
0157:H7, Salmonella spp., Vibrio spp., and Yersinia enterocolitica) have animal
reservoirs and live primarily as commensals or colonists that do not appear to
cause illness in nonhuman hosts, he added.

As illustrated in Figure WO-11, between 2003 and 2008, 1,565 outbreaks asso-
ciated with single foods were reported to the CDC. Both foods of animal origin and
produce are important food vehicles in these outbreaks. Tauxe noted that since 2006
food-borne outbreaks have been associated with the following food items not previ-
ously identified in the United States as vehicles for food-borne disease. Nearly half
of these items were imported, he added, and nearly all of them either consist partly
or entirely of plant-based foods, including produce, nuts, seeds, flour, or spices:
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> More than 250 pathogens and toxins transmitted by food
> More pathogens continue to be identified

> Many pathogens also spread through water, direct animal or
human contact

» Six of the most important pathogens

Scallan, EID 2011

FIGURE WO-10 Many different pathogens and toxins.
SOURCES: Tauxe (2011); from Scallan et al. (2011a, 2011b).

» 2003-2008: llinesses in 1,565 outbreaks caused by single
food, and reported to CDC

sueag-sulesd

Poultry

Leafy greens
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Fruits-
Nuts

National Foodborne Outbreak Surveillance System

FIGURE WO-11 Foods implicated in outbreaks.
SOURCE: Tauxe (2011).

Copyright © National Academy of Sciences. All rights reserved.



Improving Food Safety Through a One Health Approach: Workshop Summary

34 IMPROVING FOOD SAFETY THROUGH A ONE HEALTH APPROACH

» bagged spinach

e carrot juice

e peanut butter

» broccoli powder on a snack food
e dry dog food

» frozen pot pies
 canned chili sauce

* hot peppers

» white and black pepper
* raw cookie dough

* hazelnuts

» fenugreek sprouts

* papayas

e pine nuts

In subsequent discussions of food-borne disease trends, workshop partici-
pants also considered the threat of food-borne contaminants, such as mycotoxins
and aflatoxins,'® which may cause long-term, chronic health problems in both
people and animals—in contrast to the acute symptoms of food-borne infections.
Such problems are known to exist but are very difficult to study, Tauxe observed.
“Mycotoxins, particularly in the developing world, have been a recurrent issue
when there’s famine, when there’s food shortage,” he said. “When the only thing
left to eat is moldy corn, that’s what you eat.”

Research on the food safety implications of mycotoxins and aflatoxins is a
potential arena for One Health, Hueston noted. “The veterinary profession and
animal scientists have done a lot more work on [the health effects of these com-
pounds], because it has direct impact on animal production,” he said. Combining
their knowledge with the expertise of plant pathologists in a cross-disciplinary,
cross-sectoral approach to food safety has “huge potential,” he declared.

Some food-borne infections may also have enduring consequences, Tauxe
added. “About 11 percent of the U.S. population has antibodies to toxoplasmosis,
which probably means they have cysts in them, and some of those are in their
brains,” he stated. “What is that long-term effect? I don’t think we know.”

Many recent disease outbreaks reflect the changing nature of food-borne
threats to health. These case studies underscore the vital connections between
human, animal, and environmental health, and how changes in ecology or tech-
nology can drive the emergence or reemergence of food-borne pathogens by con-
necting “a potential pathogen with the food chain” (Tauxe et al., 2010). A deeper
understanding of the ecology of food-borne pathogens and the root causes of their

18 Mycotoxins and aflatoxins are naturally occurring toxins produced by fungi, which may be
present in moldy grains such as corn or rice, and in peanuts. Aflatoxins are known to cause cancer in
some animals, and mycotoxins have been associated with several cancers in humans (e.g., liver cancer,
esophageal cancer). Sources: http://www.medterms.com/script/main/art.asp?articlekey=26613; http://
www.medterms.com/script/main/art.asp?articlekey=10796.
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emergence and spread through the food system will enhance our capabilities to
anticipate and prevent future emergence events.

Wake-up Calls: Case Studies of Food-borne Illnesses

Recent incidents of food-borne illness (discussed in greater detail below)
that have received widespread attention illustrate the breadth and depth of poten-
tial threats from microbial food adulterants. In 1984, cult members in Oregon
contaminated local salad bars with Salmonella typhimurium with the intent of
influencing an election by incapacitating voters; a limited “trial run” of their plan
sickened more than 700 people (Torok et al., 1997). In 1996, a worker in a large
Texas medical center laboratory deliberately infected at least 12 coworkers with
Shigella dysenteriae by leaving tainted pastries in their break room.

More devastating casualties have resulted from inadvertent food contamina-
tion. In 1994, approximately 224,000 people across a widespread area of the
United States were infected with Salmonella Enteritidis from ice cream that was
contaminated following pasteurization (Sobel et al., 2002). More than 7,000
Japanese children became ill with E. coli O157:H7 in a 1996 outbreak that origi-
nated in radish sprouts in school lunches (Sobel et al., 2002). Contaminated clams
caused a 1991 outbreak of hepatitis A in China that affected more than 300,000
people and is perhaps the largest known food-borne epidemic (WHO, 2002).
Despite the fact that an excellent vaccine for hepatitis A was licensed more than
a decade ago, hepatitis A virus contamination of imported vegetables recently
resulted in a large epidemic with many hundreds of cases and three deaths in
the United States. This resulted from accidental contamination of the foodstuff
with the virus; purposeful contamination could be substantially more devastating.

In recent years, special concern has been raised about the safety of fresh
fruits and vegetables following several incidents of food-borne illness associated
with produce. Fruits and vegetables have been associated with an increasing
proportion of outbreaks; however, this trend has probably been influenced by the
increased consumption of raw produce and by the advent of better surveillance
techniques (Wang and Moran, 2004). In particular, recent outbreaks caused by
the coccidian parasite Cyclospora cayetanensis and by hepatitis A virus bear
examination as object lessons in the etiology, transmission, surveillance, diagno-
sis, and control of produce-associated illness.

Large-scale, centralized, food-processing operations followed by broad prod-
uct distribution pathways create additional vulnerabilities in the food supply
(ERS, 2005; Maki, 2009). The “bundling” of large quantities of single ingredients
or mixing dozens of ingredients of various origins into a single batch can amplify
the effects of a single contamination event. It has been estimated that just one
infected beef carcass can lead to the contamination of 8 tons of ground beef; and
the origin of a single lot of hamburger processed at one plant can be traced to
more than 400 individual animals from six states (Nestle, 2003). These scenarios
are reflected in the following real-world incidents of large-scale food contamina-
tion below, and in Box WO-3:
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BOX WO-3
Recent Food-Borne Outbreaks:
The Changing Nature of the “Threat”

As demonstrated in the case examples below, many recent outbreaks of dis-
ease reflect the changing nature of food-borne threats to health. These case
studies underscore the vital connections between human, animal, and environ-
mental health, and how changes in ecology or technology can drive the emergence
or reemergence of food-borne pathogens by connecting “a potential pathogen with
the food chain” (Tauxe et al., 2010). A deeper understanding of the ecology of food-
borne pathogens and the root causes of their emergence and spread through the
food system will enhance our capabilities to anticipate and prevent future emer-
gence events.

Escherichia coli

Escherichia coliis a large and diverse group of bacteria that are present in the
environment and as commensal? organisms in a wide range of animals, including
humans (Garcia et al., 2010). Most strains of E. coli are harmless. Other strains
have acquired characteristics, such as the production of toxins, which make them
pathogenic to humans? (CDC, 2011c). Transmission of E. coli occurs when food
or water that is contaminated with feces of infected humans or animals is con-
sumed. Contamination of animal products often occurs during the slaughter and
processing of animals (Garcia et al., 2010). The use of manure from cattle or other
animals as fertilizer for agricultural crops can contaminate produce and irrigation
water (Garcia et al., 2010). E. coli can survive for long periods in the environment
and can proliferate in vegetables and other foods.

Shiga toxin—producing E. coli (STEC) are particularly notorious food-borne
pathogens. STEC infection can cause episodes of mild to severe diarrhea, and 5 to
10 percent of infections develop into hemolytic-uremic syndrome (HUS)—a severe
complication marked by profuse bleeding that can lead to kidney failure and death
(CDC, 2011c). STEC strain O157:H7 is estimated to cause 63,000 illnesses, 2,100
hospitalizations, and 20 deaths each year (Scallan et al., 2011b). The principal
reservoir for this zoonotic pathogen is the intestinal tract of cattle, but other animals
may also serve as reservoirs. O157:H7 emerged as a significant public health
threat in 1982 during two outbreaks of disease that investigators associated with
the consumption of undercooked ground meat. A wide variety of foods, including
fresh produce, have since served as a vehicle for E. coliO157:H7 outbreaks.¢ Some

2 Organisms in a mutually symbiotic relationship where both live peacefully together while
not being completely dependent on one another.

b Researchers have associated intestinal disease with six different mechanisms or “patho-
types”: enteropathogenic E. coli (EPEC); enterohemorrhagic E. coli (EHEC, also known as
Shiga toxin—producing E. coli [STEC] and formerly referred to as verotoxin-producing E. coli
[VTEC]); enterotoxigenic E. coli (ETEC); enteroaggregative E. coli (EAggEC); enteroinvasive
E. coli (EIEC); attaching and effacing E. coli (A/EEC).

¢ Food producers must report the presence of E. coli O157:H7 to health authorities. There
are more than 100 “non-O157” STEC strains, and 6 of these strains cause up to two-thirds of
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recent outbreaks include contamination events involving spinach and fenugreek
bean sprouts.

E. coli 0157:H7 contamination of spinach. In 2006, investigators linked at least
205 illnesses and 5 deaths to the consumption of fresh spinach contaminated with
E. coli0157:H7 (Weise and Schmit, 2007). In response to the growing outbreak—
which included cases across 26 states and Canada—FDA advised consumers to
stop eating all uncooked, fresh spinach, or products containing uncooked spinach?
(Calvin, 2007). Epidemiological studies traced the contamination to a single shift at
a Natural Selections Foods processing plant in San Juan Batista, California, which
had produced 42,000 bags of pre-washed and ready-to-eat baby spinach (Weise
and Schmit, 2007). Based on isolates from contaminated produce from sick
consumers, investigators matched the outbreak strain to environmental samples
from a single field in central California. Organic spinach grown on this 2.8-acre
plot was surrounded by an 8,000-acre plot of land primarily dedicated to cattle
grazing (Jay et al., 2007). Environmental sampling revealed the presence of the
outbreak strain in river water and the feces of cattle and wild pigs less than 1 mile
away from the spinach field (Figure WO-3-1) (Berger et al., 2010; Jay et al., 2007).
Because the contamination event occurred before the start of the investigation, the
precise means by which the bacteria were transmitted to the spinach field remain
unknown (Garcia et al., 2010).

E. coli 0104:H4 contamination of fenugreek seeds. In 2011, a rare strain of
E. coli O104:H4 caused the second largest and the deadliest outbreak of E. coli-
associated disease ever recorded. Between May 21 and July 22, 2011, more than
4,000 people became ill—in 16 countries—and 50 individuals died (Rasko et al.,
2011) (Figure WO-3-2). By the time the outbreak ended in early July (2011), there
were reports of more than 4,000 ilinesses, 800 cases of HUS, and 50 deaths in
Germany and 15 other countries (Blaser, 2011).

The outbreak was unusual because of the high proportion of adult patients
(~25 percent) with HUS and the frequent development of neurological symptoms
in these patients (Frank et al., 2011a). Research suggests that these clinical char-
acteristics were due to the unique combination of traits carried by the pathogen,
which included features typical of enteroaggregative® E. coli and the capacity to
produce Shiga toxin (Frank et al., 2011a). This strain also has a distinct set of
additional virulence and antibiotic-resistance factors’ (Rasko et al., 2011).

continued

associated illnesses. As of March 2012, these “big six” non-O157 STEC serotypes will also
be tested by certain food producers, such as beef producers. Food products contaminated
with these bacteria will need to be destroyed or cooked to kill the bacteria (USDA, 2011a).

9 The resulting drop in sales and consumer confidence in the fresh spinach industry cost
the $3.5 billion dollar industry more than $350 million (Weise and Schmit, 2007).

¢ Enteroaggregative E. coli infections are common in humans, but no animal reservoir has
been described (Rasko et al., 2011).

fThe strain produces extended-spectrum beta-lactamase (ESBL) enzymes and other fac-
tors that render it resistant to at least a dozen antibiotics in eight different drug classes.
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FIGURE WO-3-1 Left: Aerial (~15 km?) photograph of ranch A showing overlap-
ping circular buffer regions around feral swine trap 1 and trap 2 (San Benito Crop
Year 2006; Image Trader, Flagstaff, Arizona). The radius for the buffer (1.8 km) is
the circumference of the mean home range for feral swine in mainland California.
Estimated density = 4.6 swine/km? and total area = (A + B + C) — D = 14.8 km?.
Areas A, B, and C, combined with counts of individual feral swine from October
through November 2006, were used to calculate the average population density.
Bottom left: digital infrared photograph of feral swine at trap 1. Right: potential risk
factors for E. coli O157:H7 contamination of spinach at ranch A: (1) feral sow and
piglets sharing rangeland with cattle; (2) feral swine feces, tracks, and rooting in
a neighboring spinach field; and (3) cattle in surface water.

SOURCE: Jay et al. (2007).

Investigators initially identified fresh produce—including leafy greens, toma-
toes, and cucumbers as likely sources of the outbreak (Frank et al., 2011b).
Traceback studies of disease clusters in five German provinces that were affected
early in the outbreak pointed to sprouts produced by an organic grower in Lower
Saxony (Kupferschmidt, 2011). A smaller, second wave of illnesses around the
French city of Bordeaux also resulted from the consumption of sprouts, and
patient isolates from both outbreaks were identical (EFSA, 2011b). It was later
discovered that sprout seeds associated with both outbreaks had a common origin
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FIGURE WO-3-2 Incidence of HUS. Sixteen countries reported cases of food-borne
illness or death associated with the 2011 E. coli O104:H4. The numbers of cases
and deaths noted in this figure reflect the outbreak statistics as of June 9, 2011.
SOURCES: Reprinted by permission of the Wall Street Journal. Copyright 2011,
Dow Jones & Company, Inc. All Rights Reserved Worldwide.

in a 16.5-ton shipment of fenugreek seeds from Egypt (McKenna, 2011). Upon the
shipment'’s arrival in Germany in 2009, various distributors in Germany and other
European countries subdivided, packaged, repackaged, and widely distributed
these seeds as part of thousands of packets of “seed mixes” (McKenna, 2011).
Despite extensive recall efforts, the complex chain of packaging and distribution
may mean that contaminated seeds could remain on store shelves until their ex-
piration date in 2014 (McKenna, 2011). The pathogen was not isolated from any
remaining batches of the suspect seeds,9 and questions remain as to the source
and reservoir of the contaminating pathogen (EFSA, 2011a).

Listeria monocytogenes

Listeria monocytogenes is a bacterium that is widely distributed in nature. It
is commonly found in soil, surface water, plants, and foods and is carried by a
variety of animals.” Most infections are acquired by ingestion of contaminated food

continued

9 It is possible that contaminated seeds were no longer in stock when sampling took place,
or even if present were contaminated at a level that made isolation of the organism impos-
sible (EFSA, 2011b).

h"In addition to humans, at least 42 species of wild and domestic mammals and 17 avian
species, including domestic and game fowl, can harbor Listeria. Listeria has also been isolated
from crustaceans, fish, oysters, ticks, and flies. http://textbookofbacteriology.net/themicrobial
world/Listeria.html.
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or feed, and infected animals can shed the bacterium in feces, milk, and uterine
discharges (Jemmi and Stephan, 2006). In humans, Listeria infection can result in
the relatively rare but dangerous disease Listeriosis, which has a case fatality rate
of approximately 20 percent. Disease primarily affects the very young or old and
pregnant women, but it can also affect healthy individuals (CDC, 2011i). Listeria
is well adapted to food-processing and storage environments. It can grow and
multiply at low “refrigeration” temperatures and establish persistent infections on
food-processing equipment (Ghandhi and Chikindas, 2007). Listeria is killed by
pasteurization and cooking; however, in some ready-to-eat foods contamination may
occur after factory cooking but before packaging. Deli meats, hot dogs, unpasteur-
ized milk, and soft cheeses are common sources of Listeria infections (CDC, 2011i).

Listeria contamination of cantaloupe. As discussed earlier in this volume, one
of the largest and deadliest multi-state outbreaks of listeriosis in the United States
occurred in late summer of 2011. The incident marked the first time that Listeria
contamination had been linked to whole cantaloupe and one of the few times it had
been linked to fresh produce (Figure WO-3-3) (MMWR, 2011). As of December 2
(2011), 146 individuals had become ill after being infected with the outbreak strain
of Listeria; 29 deaths and 1 miscarriage had also been attributed to the infection
(CDC, 2011f). In response to the CDC outbreak investigation, the cantaloupe
producer, Jensen Farms of Holly, Colorado, announced a voluntary recall of the
300,000 cases of cantaloupes harvested and produced between July 29 and Sep-
tember 10 (CDC, 2011f; FDA, 2011c). The recall included 1.5 to 4.5 million melons
that were distributed at supermarkets and chain stores in at least 28 states.

Federal officials found four separate strains of Listeria on contaminated can-
taloupes and equipment in the packing shed of the Colorado farm (CDC, 2011g;
FDA, 2011b). FDA inspectors cited unsanitary conditions—such as old, corroded,
and difficult-to-clean equipment and standing pools of water—and the absence of
processing steps to cool the melons before cold storage as likely contributors to
contamination (FDA, 2011b, 2011c). The bacterium was not found on fruit or soil
in the fields, so questions remain as to the initial source of contamination.

Norovirus

Noroviruses cause the majority of acute viral gastroenteritis cases world-
wide, including an estimated 5.4 million cases, 14,000 hospitalizations, and 149
deaths in the United States annually (Scallan et al., 2011b). Recent improve-
ments to diagnostic techniques have allowed researchers to describe the signifi-

i Scallan et al. estimate that Listeria monocytogenes causes on average 1,591 episodes of
domestically acquired food-borne ilinesses, 1,455 hospitalizations, and 255 deaths annually
in the United States (Scallan et al., 2011b).

i Listeria monocytogenes may grow in biofilms that protect them against environmental
stress and can be isolated from surfaces after cleaning and disinfection (Ghandi and
Chikindas, 2007).

k Also called Calicivirus, Norwalk-like virus, small round structured viruses (SRSVs).
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FIGURE WO-3-3 Persons infected with the outbreak-associated strains of Listeria
monocytogenes, by state, n= 146 for whom information was reported to CDC on
December 2, 2011. A total of 146 persons infected with any of the four outbreak-
associated strains of Listeria monocytogenes were reported to CDC from 28 states.
The number of infected persons identified in each state was as follows: Alabama (1),
Arkansas (1), California (4), Colorado (40), Idaho (2), lllinois (4), Indiana (3), lowa
(1), Kansas (11), Louisiana (2), Maryland (1), Missouri (7), Montana (1), Nebraska
(6), Nevada (1), New Mexico (15), New York (2), North Dakota (2), Oklahoma (12),
Oregon (1), Pennsylvania (1), South Dakota (1), Texas (18), Utah (1), Virginia (1),
West Virginia (1), Wisconsin (2), and Wyoming (4).

SOURCE: Centers for Disease Control and Prevention; National Center for Emerg-
ing and Zoonotic Infectious Diseases (NCEZID); Division of Foodborne, Water-
borne, and Environmental Diseases (DFWED)

cant contribution of this highly infectious RNA virus to the burden of food-borne
illness—particularly as the cause of numerous outbreaks of food-borne disease
in community settings such as nursing homes, hospitals, the military, and cruise
ships (Estes et al., 2006; Glass et al., 2009)." Humans are likely to be the primary

' Among the 232 outbreaks of norovirus illness reported to the CDC from July 1997 to June
2000, 57 percent were food-borne, 16 percent were due to person-to-person spread, and
3 percent were water-borne; in 23 percent of outbreaks, the cause of transmission was not
determined. Among these outbreaks, common settings included restaurants and catered meals
(36 percent), nursing homes (23 percent), schools (13 percent), and vacation settings or cruise
ships (10 percent) (CDC, http://www.cdc.gov/ncidod/dvrd/revb/gastro/norovirus-factsheet.htm).

continued
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reservoir™ for several norovirus strains, and transmission of the virus between
individuals can occur in a variety of ways—via ingestion of contaminated food and
water, person-to-person contact, or fecal-oral or aerosol spread (Koopmans and
Duizer, 2004). Prevention of infection is difficult because these viruses can persist
on environmental surfaces and food items. Comparison of norovirus sequences
collected from around the world over the past decade have raised the possibility
that pandemic strains of norovirus are spread through foods sold internationally,
or through person-to-person contact when travelers carry the virus (Glass et al.,
2009; Verhoef et al., 2011).

Norovirus outbreaks and cruise tourism. Organized much like large, floating
hotels, cruise ships provide ideal conditions for the introduction and the rapid,
global spread of norovirus infection. Thousands of passengers from different
geographic areas are transported in close quarters to multiple destinations around
the world. Passengers and crew often disembark at multiple ports throughout the
cruise where they can sample the local foods and culture (Figure WO-3-4).
Cruise ships account for 10 percent of all reported outbreaks of norovirus in
the United States (CDC, 2011l). With the average carrying capacity of a cruise
ship now exceeding 2,500 passengers and crew, these outbreaks often affect
a large number of people. In 2010, outbreaks of diarrhea and vomiting among
passengers and crew on the Celebrity Cruise ship “Mercury” occurred during
three consecutive sailings. More than 10 to 22 percent of the passengers and 2
to 4 percent of the crew fell ill during each trip, resulting in a total of 1,058 cases
of illness over the course of a month.” These outbreaks also have “off-ship”

m Within the norovirus genus, there are two branches represented by animal strains, with
bovine viruses in Gll and murine noroviruses in GV. The Gll and GIV genogroups contain both
human and animal strains. This raises questions about zoonotic transmission. To date, there
is little evidence for direct zoonotic transmission, but because mixing of genes from human
viruses (by virus recombination) within a genogroup has been observed, the question arises
whether it could also happen in recombination events with animal strains (Koopmans, 2008).

M http://www.cdc.gov/nceh/vsp/surv/Gllist.hrtm#years.

e In 1994, 138,000 gallons of ice cream were contaminated by Salmonella.
This “single batch” of ice cream was consumed by individuals in 15 states,
where it sickened an estimated 225,000 individuals (Hennessy et al., 1996).

e In 1996, 1,465 persons in 20 states, the District of Columbia, and two
Canadian provinces became ill after consuming fresh raspberries that
were imported from Guatemala and infected with the parasite Cyclospora
cayetanensis (Tauxe, 2002). Following several additional outbreaks in
1997, Guatemalan producers temporarily suspended raspberry exports to
the United States, which resulted in more than US$10 million in losses
for growers in this region (ERS, 2001).
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FIGURE WO-3-4 Cruise ships provide ideal conditions for the amplification and
spread of infectious diseases.
SOURCE: Marty Cetron, CDC.

community-wide consequences, contributing to disease dissemination at ports
of call (IOM, 2010c).

Infection can thus be introduced to the cruise ship environment in a variety of
ways: by passengers or crew infected before embarkation; with food items con-
taminated before loading; by persistently contaminated environmental surfaces;
or after ships dock in countries where sanitation might be inadequate—either
through contaminated food or water, or via passengers that have been infected
while ashore (Hall et al., 2005).

» In 2003, a series of hepatitis A outbreaks resulted in 1,000 cases of illness
across multiple states and 3 deaths. The outbreaks were linked to green
onions imported from four farms in Mexico where hepatitis A is endemic
(FDA, 2003; IOM, 2006). FDA subsequently banned imports from these
farms.

* In 2008, 1,450 individuals in 43 states and the District of Columbia
became ill from salmonellosis and two patients died after consuming
jalapefio and serrano peppers imported from Mexico. Investigations traced
the contaminated peppers to one farm in Mexico, but the source of con-
tamination is unknown (Maki, 2009).
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e In 2009, Salmonella contamination of peanuts and peanut products led to
one of the largest product recalls in U.S. history. More than 714 people in
46 states were sickened in this outbreak and 9 individuals died (Cavallaro
etal., 2011). Investigators traced the contamination to a single facility that
produced peanuts, peanut butter, and peanut paste. Because more than
200 companies used these foodstuffs as ingredients in a variety of other
products,? the recall extended to more than 3,900 products (Cavallaro et
al., 2011).

Recent Efforts to Reduce the Threat of Food-Borne Disease

Tauxe divided the “farm-to-table” continuum into three stages in which risk for
food-borne disease can be reduced: production, processing, and final preparation
and cooking. Although, as he later noted, most food-borne pathogens are heat-labile
and therefore can be inactivated by cooking, an increasing proportion of outbreak-
associated foods are uncooked (e.g., produce), requiring attention to earlier stages
in their procurement; other foods, including meats, are frequently cooked or served
at temperatures insufficient to inactivate pathogens. Since a 1993 outbreak associ-
ated with hamburgers purchased from a fast food chain resulted in more than 500
laboratory-confirmed infections with E. coli O157:H7 and at least 4 deaths (CDC,
1993), several interventions have been introduced to reduce the contamination of
beef during processing and in the retail and restaurant industries (FSIS, 2002).

Many recent food-borne outbreaks have been identified through PulseNet
(CDC, 201 1e), the national network for molecular surveillance of bacterial enteric
infections, Tauxe explained. Established in 1996, PulseNet connects state health
departments, city health departments, and laboratories of the CDC, FDA, and the
USDA’s FSIS, all of which collect genetic information on food-borne pathogens
from infected people, foods, and animals and submit it electronically to a com-
mon database, so that sudden increases in a particular subtype can be flagged and
investigated. This network is in turn linked with similar databases created by the
Public Health Agency of Canada (http://www.nml-lnm.gc.ca/Pulsenet/index-eng.
htm), by U.S. veterinarians,?’ and by the food industry. A similar collaborative
program coordinated by the CDC, FoodNet, conducts active surveillance for
several major food-borne pathogens to measure burden and track trends over
time (CDC, 2011b). Figure WO-12, which depicts trends in infections caused

19" Other products included brownie products, cake and pie products, candy products, cereal
products, cookie products, cracker products, prepackaged meals, snack mix products, ice cream, pet
food, and topping products (Maki, 2009).

20 USDA VetNet commenced in March 2004. The objectives of USDA VetNet are to determine PFGE
(Pulse Field Gel Electrophoresis) patterns of Salmonella isolates submitted to the National Antimicrobial
Resistance Monitoring System (NARMS), compare USDA VetNet and PulseNet’s PFGE patterns, and
to use the comparative data for surveillance and investigation of food-borne illness outbreaks. Source:
http://www.ars.usda.gov/research/publications/publications.htm?seq_no_115=199378.
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FIGURE WO-12 Fifteen years of progress in prevention: Trends in food-borne diseases,
Foodnet, 1996-2010.
SOURCE: Tauxe (2011).

by some of these pathogens over the past 15 years, reveals significant decreases
in Campylobacter, Listeria, and E. coli O157 cases, little change in Salmonella
cases, and a significant increase in Vibrio cases.

Tauxe attributed the significant subsequent decrease in E. coli infections to
these measures, which he said were achieved through a combination of regula-
tory, industry, and public health efforts. In a later discussion of the response to
the threat of E. coli O157:H7 in meat, speaker Cathie Woteki, Chief Scientist and
Under Secretary for Research, Education, and Economics at the USDA, attributed
the subsequent decline in such illnesses in part to the introduction of Hazard
Analysis and Critical Control Point (HACCP) systems?! and their implementation
by the ground beef industry. “HACCP by its nature is a holistic approach to an
environment where food is processed,” she said.

Meanwhile, Tauxe observed, few measures have been taken to prevent food-
borne infections at the level of production, a stage emphasized by One Health.
Returning to the E. coli O157:H7 example, Tauxe noted that several production-
stage interventions against food-borne disease—including two vaccines and a

21 HACCP systems are science-based, systematic protocols for identifying hazards to food safety
that arise in the course of processing a specific food, as well as measures for the controlling these
hazards. HACCP is intended to assess hazards and establish control systems that focus on prevention
rather than relying mainly on end-product testing. Source: http://www.fao.org/DOCREP/005/Y 1579E/
y1579¢03.htm (accessed June 27, 2012).
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promising feed additive—had been developed, but not adopted, in the United
States. This is not due to a technical impasse, Tauxe stated, but to challenges in
gaining regulatory approval—as well as the need for incentives to offset costs to
producers—for animal products that benefit human health.

On the other hand, Tauxe recognized farm-based control efforts in other
countries that have significantly reduced poultry-associated Campylobacter and
Salmonella infections (for example, see the subsequent discussion of Danish
efforts to reduce antimicrobial-resistant infections). In Iceland, all chicken flocks
are tested for Campylobacter, he reported; those that test positive must be used
only to produce frozen meat, considerably reducing potential profits. “The year
after [this measure] was introduced, domestic Campylobacter dropped 70 per-
cent in Iceland,” Tauxe said (Tustin et al., 2011). He also described a voluntary
program of flock sanitation, hygiene, and vaccination that dramatically reduced
Salmonella in egg-layer and broiler breeder flocks in the United Kingdom, and
noted that similar steps are being considered in the United States (DEFRA, 2008).

Progress over the past 15 years in reducing the risk of food-borne disease has
largely resulted from improvements in post-slaughter or post-harvest practices,
Tauxe concluded. “We are very pleased to see that E. coli O157 is essentially
half of what it was in the 1990s,” he said, “but contamination often starts before
harvest or slaughter. Interventions in food animals exist. They have worked in
other countries. Implementing them may depend on getting the incentives right.”

Enterohemorrhagic®® E. coli (EHEC) 0104:H4

Reinhard Burger, of the Robert Koch Institute, discussed the largest outbreak
of hemolytic-uremic syndrome (HUS) ever reported in the world, caused by a
Shiga toxin—producing strain of E. coli, that occurred during the summer of 2011
(Buchholz et al., 2011). (Dr. Burger’s contribution to the workshop summary re-
port can be found in Appendix A, pages 115-130.) “The events this (past) summer
in Germany show how rapidly—Iliterally over a weekend—an infectious agent can
develop into a major health threat for a whole country,” he said of the outbreak,
which was focused in Germany but which also affected several other European
countries, the United States, and Canada. The outbreak, which resulted in many
severe cases of illness and dozens of deaths, caused fear and changed basic eating
habits among consumers, and had enormous economic consequences for farmers,
he reported. “It was literally a tragedy for many people,” he concluded. “We should
learn from this critical event.”

22 Enterohemorrhagic strains of E. coli (EHEC) produce compounds known as Shiga toxins because
of their similarity to those produced by another enteric pathogen, Shigella dysenteriae Type 1. EHEC
is transmitted to humans primarily through consumption of contaminated foods, including raw or
undercooked ground meat products, raw milk, and contaminated raw vegetables or greens. Most
people with EHEC infections recover within 10 days, but up to 10 percent of patients—especially
young children and the elderly—develop HUS, a potentially life-threatening condition (WHO, 2011).
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Approximately 4,321 people became infected with EHEC during this out-
break, of which more than 850 developed HUS—a much higher rate of progres-
sion to this life-threatening condition than is typical of such infections—and
53 died, Burger reported. Also atypical was the population affected by the dis-
ease, which is usually limited almost exclusively to children: 90 percent of the
outbreak infections occurred in adults, among whom there was a preponderance
of young females, he said.

By the time the local authorities in Hamburg recognized that an outbreak
was occurring and alerted Burger and his colleagues, the epidemic had already
peaked, he said—a conclusion they reached after conducting a comprehensive
range of epidemiological studies. “The first call came on Thursday, May 19,”
he recounted. “The next day, the first team went to Hamburg, discussed it. We
informed other agencies. On Sunday, we reported to the early-warning response
system and gave the first interview that vegetables may be involved. On Tuesday,
four days later, we had the first official press conference. On Wednesday, the
pathogen was identified” (Frank et al., 2011a, 2011b).

At a press conference that day, the Robert Koch Institute warned against the
consumption of raw tomato, cucumber, and salad in northern Germany, based on
their early findings, Burger recounted. “The next day, most newspapers wrote
‘from northern Germany.” Of course, this caused major concern with all the
farmers, and the economic consequences were immediately clear.” Later, without
consulting Burger or his colleagues, a German Minister of Health in Bremen
associated Spanish cucumbers with the source of the outbreak, he said, caus-
ing an immediate drop in the sale and import of Spanish cucumbers along with
frictions between Spain and Germany. The Spanish farmers who suffered from
this mistake were eventually compensated for their losses. These circumstances
led Burger to wonder aloud, “How do you communicate the risk—and also the
uncertainty—in such exceptional situations? The demand for information was
enormous,” he observed. “To inform reliably, to the best of present knowledge,
without losing credibility and convincing the people that it’s appropriate, this
was a challenge, which one should really be aware of in advance of such crisis
situations.”

Cohort studies of groups of people who became ill (such as a team from
a Swedish company who stayed a short time in Germany, so it could easily be
determined where they stayed and what they ate) helped identify sources of con-
taminated food items, Burger recalled. Ten such cohorts, comprising 168 people,
were found to have eaten at a particular restaurant within the likely time of infec-
tion, he explained; the 31 people among them who developed bloody diarrhea or
HUS within 14 days of their visit to the restaurant were questioned as to what
they had eaten, and the common ingredient in every meal (as identified by the
chef) was found to be sprouts (Buchholz et al., 2011).

However, Burger continued, because bean sprouts are often a mixture,
the specific type of sprout involved in this outbreak remained unknown.
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Then unexpected help came in the form of another outbreak near Bordeaux,
France, which involved one type of sprouts, grown from fenugreek (7rigonella
foenum-graecum) seeds by individuals in their own homes. Epidemiological in-
vestigation linked a single Egyptian supplier of fenugreek seeds to both French
and German outbreaks (Buchholz et al., 2011).

This discovery did not surprise speaker Michael Doyle, of the University of
Georgia, who in his prepared remarks showed electron micrographic evidence
that fecal bacteria can enter cracks in the hard coats of seeds and flourish in-
side (Michino et al., 1999; Scallan et al., 2011a). (Dr. Doyle’s contribution to
the workshop summary report can be found in Appendix A, pages 140-175.)
Many food microbiologists consider sprouts to be one of the most hazardous of
foods, he observed. Since 1988, dozens of sprout-associated food-borne disease
outbreaks caused by Salmonella and E. coli have been reported, he stated. As a
result, FDA has recommended that pregnant women, the elderly, and immuno-
compromised women should not consume raw sprouts—and in his opinion,
Doyle added, neither should anyone else.

The pathogen responsible for the 2011 outbreak, EHEC O104:H4, was iso-
lated from patients for characterization but has yet to be isolated from sprouts or
seeds, Burger reported. It is a rare serotype, previously identified only a few times
in humans and never in animals (Bielaszewska et al., 2011). This observation
allowed epidemiologists to rule out meat and dairy products as possible vehicles
of this outbreak. Unexpectedly, he noted, in addition to expressing Shiga toxin,
EHEC O104:H4 was found to be antibiotic resistant because of the expression of
ESBL (Rasko et al., 2011). Therefore, it has been hypothesized that this strain ac-
quired its increased virulence from two independent events (Brzuszkiewicz et al.,
2011). “It’s obviously a virulence combination of two different E. coli,” Burger
concluded. When asked in the subsequent discussion about the possibility that
this outbreak resulted from an intentional release of the pathogen, Burger replied
that this scenario had been considered but was dismissed as unlikely. Only one
researcher was in possession of the outbreak strain prior to this event, he said, and
it is doubtful that the strain could have been produced independently.

As illustrated schematically in Figure WO-13, the supplier of the tainted
fenugreek seed distributed more than 15,000 kilograms of seed from the same lot
(lot number 48088) to companies throughout Europe, which in turn distributed
it further, including to people who grow their own sprouts at home, Burger said.
Given the enormous interconnectedness of the distribution and supply chain for
just one lot of fenugreek seeds it is unlikely that all the contaminated seed has
been removed from the supply chain with hundreds of distributors. Furthermore,
E. coli can survive on seeds for years, serving as a potential source for future
infections. The pathogen can also be shed from infected individuals for more
than 6 months, and it may be possible that some infections persist, creating car-
riers. Secondary infections—of the sort that have already been identified within
households, hospitals, and laboratories—may also continue into the future, he
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FIGURE WO-13 EHEC outbreak 2011: Investigation of the outbreak along the food chain.
SOURCES: Published by B. Appel, G.-F. Bol, M. Greiner, M. Lahrssen-Wiederholt and A.
Hensel, BfR, Federal Institute for Risk Assessment Max-Dohrn-Str. 8-10, 10589 Berlin;
Burger (2011); Weiser et al. (2011).

observed. At a press conference at the end of July (2011), Burger declared that
the outbreak had ended. However, he added, “there are still one or two cases per
month, always secondary cases connected to previous cases.”

Nipah Virus in Malaysia and Bangladesh

The emergence of Nipah virus (NiV) in Malaysia and Bangladesh provides
particularly deadly examples of the many routes of zoonotic disease transmis-
sion that are associated with the food system. The animal reservoir for this
paramyxovirus is fruit bats of the genus Pteropus (Halpin et al., 2011). In the
1990s, the development of large commercial pig farms in Malaysia expanded
agricultural lands into the natural habitat of the fruit bat. The resulting increase
in interactions between swine and fruit bat populations—including materials
contaminated with the saliva or urine from fruit bats—led to an outbreak of dis-
ease in swine and humans (Epstein et al., 2006). Although unknown to science
before this outbreak, NiV had been circulating in fruit bats for several decades
(Epstein et al., 2006).

Exposure of this virus to large numbers of swine facilitated the amplifica-
tion of NiV in the respiratory tracts of swine and the infection of farm workers
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(Epstein et al., 2006). From September 1998 through May 1999, 283 human
cases of NiV infection were reported in peninsular Malaysia and Singapore,
and most of these patients had come into contact with sick pigs, as illustrated in
Figure WO-14 (Chew et al., 2000; Chua, 2003; Luby et al., 2009; Parashar et al.,
2000; Paton et al., 1999).

The Malaysian Nipah outbreak ended following the culling of more than
900,000 pigs (Uppal, 2000). This action, plus the loss of market for Malaysian
pork in response to the outbreak, decimated the Malaysian swine industry. There
have been no new cases of Nipah virus reported in Malaysia or Singapore since
the 1998 to 1999 outbreak (Epstein et al., 2006). Between 2001 and 2008, recur-
rent NiV outbreaks in Bangladesh have caused at least 135 human infections and
98 deaths (Luby et al., 2009).

First recognized as the result of a 1999 outbreak in Malaysia, Nipah virus
has since been more frequently associated with Bangladesh and adjacent areas
of India, where many outbreaks over the past decade have resulted in more than
250 cases and nearly 200 deaths, according to speaker Steve Luby of the CDC
(Luby et al., 2006, 2009). (Dr. Luby’s contribution to the workshop summary
report can be found in Appendix A, pages 271-298.) The Malaysian outbreak,
which claimed more than 100 lives—about 40 percent of those known to have
been infected with the virus—was first traced to direct contact with infected pigs,
which in turn were likely infected by bats living in forested areas close to large
commercial pig farms (Epstein et al., 2006).

“We think that the bats were eating fruit, including the fruit from trees
that had been intentionally planted near the piggeries to provide food for the
pigs, as well as for separate agricultural production,” Luby explained. “Partially
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FIGURE WO-14 Malaysia Nipah outbreak.
SOURCE: Luby (2011); Adapted from CDC.
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eaten saliva-contaminated fruit, as well as bat urine, would be dropped into the
piggeries. The pigs became sick. We had a big pig outbreak, and then eventually
this went on to people.” Mango and pork production had skyrocketed in Malaysia
in the years preceding the outbreak, he said, bringing together bats carrying Nipah
virus, pigs, and humans.

Uncovering the story of Nipah virus transmission in Bangladesh proved to
be much more complicated than in Malaysia, Luby explained. Beginning with the
first reports in early 2005, Nipah cases in Bangladesh tended to be clustered in
space and time. A case-control assessment of a broad range of possible exposures
shared among the first 12 cases of viral encephalitis (among which all but 1 died)
revealed that these people were far more likely to drink raw palm sap than were
healthy controls (Luby et al., 2006).

Date palm sap collection, which occurs from late November through March
in Bangladesh, involves cutting into and shaving the tree so that the sap, which
rises overnight, flows into clay pots hung beneath the cuts, he said; the pots are
gathered early in the morning. The collection of date palm sap is illustrated in
Figure WO-15. Most of the sap is then cooked into molasses, but some is sold
immediately as a drink and is considered to be a delicacy.

One of the fatal cases, in 2005, was the son of a date palm sap collector. His
family reported having heard bats in the trees from which they were collecting
sap, and they had found bat excrement on some of the collecting pots, Luby said.
Several days before the outbreak, the family sent date palm sap to nearby rela-
tives; three people in that household were also among the cases in that outbreak.
“As we sorted this out, we said, we’re epidemiologists, so we’re going to put this
in an epidemiology journal and we’re going to talk about food-borne transmission
of Nipah virus,” Luby recalled—but their conclusion was questioned by micro-
biologists, who noted that the virus had never been found in food, and wanted

» Late November through
March

— Sap harvesters cut
a tap into the tree
+ In the evening they place a '
clay pot under the tap
+ Each morning the pot is
removed
— Most sap is made into
molasses
— Some sold fresh early in

the morning
+ Alocal delicacy

FIGURE WO-15 Date palm sap collection.
SOURCE: Luby (2011).
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the words “Evidence for” prefacing the title, “Foodborne transmission of Nipah
virus, Bangladesh” (Luby et al., 2006).

As Nipah recurred in Bangladesh, Luby and his colleagues continued to
collect epidemiological evidence linking Nipah infection to date palm sap con-
sumption. “We knew that Pteropus bats occasionally shed Nipah virus RNA in
their saliva,” he recounted. “We knew that if you put Nipah virus into fruit juice,
it would survive for days at 22 degrees. We knew date palm sap had been im-
plicated in outbreak investigations, and we knew that it was almost impossible
to isolate the virus in the sap. By the time we knew of an outbreak, by the time
we implicated sap, by the time we occasionally could figure out which tree it
came from, this would have been weeks since the transmission event. So, yes,
we looked for Nipah virus in sap, and we never found it.” Then, a veterinarian
colleague suggested a different approach: using infrared cameras to monitor
nocturnal bat activity around sap collection sites (Khan et al., 2011; Rahman et
al., 2011). “Sure enough, we could see bats coming in,” Luby said; a typical tree
would get 49 bat visits, during which they drank sap an average of 29 times. The
experiment to monitor the nightly visitations of bats to drink date palm sap is
presented in Figure WO-16.

This discovery prompted Forum member Gerald Keusch, of Boston Uni-
versity, to remark on the growing recognition of the role of bats as carriers of
infectious diseases, and to suggest that epidemiological surveillance should be
conducted on bats to identify prospective human pathogens. Forum member Fred
Sparling, of the University of North Carolina at Chapel Hill, noted that this idea

* |dentified tree 500
meters from P.
giganteus roost

* Mounted silent
infrared wildlife
camera

* 49 bats visited the
tree

— 26 drank sap from the
shaved part of the tree

Photo by Salah Uddin Khan

FIGURE WO-16 How often do bats visit date palm trees to drink their sap?
SOURCE: Luby (2011). Photo by Salah Uddin Khan.
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spurred a recent metagenomic analysis of viral sequences present in the feces
of North American bats (Donaldson et al., 2010). The authors identified a wide
variety of both known and novel viral sequences, suggesting that bats encounter
and disseminate a large assortment of viruses capable of infecting many different
animals, insects, and plants in nature.

“The molecular evolution of the Nipah virus suggests that it coevolved
with the bat over the course of the last 10,000 years,” Luby stated. Bats carry
both Nipah and Hendra viruses, apparently asymptomatically. Occasional
human infections—which have probably occurred whenever human and bat
populations have been in close contact—represent “collateral damage” in the
co-evolution of bats and these viruses, he explained; this relationship is only now
being recognized due to advances in epidemiological surveillance and global
communications.

Transmission pathways associated with Nipah and Hendra viruses are clearly
complex and much remains to be understood about them, Luby observed. Their
epidemiological investigations in Bangladesh have identified drinking fresh
date palm sap as the most frequent pathway of viral transmission from bats to
humans (Luby et al., 2009). Other outbreaks arose when bats transmitted the
virus to domestic animals (as occurred in Malaysia; in this case, the vehicle was
sometimes date palm sap fed to animals). About half of all Nipah infections in
Bangladesh resulted from person-to-person transmission, he added; in many of
these instances, people who were caring for infected relatives themselves became
infected, producing clusters of disease.

Luby observed that since farms in Bangladesh tend to be small, in contrast to
the large commercial pig farms where Nipah emerged as a widespread zoonosis in
Malaysia, the Nipah outbreaks in Bangladesh have tended to be localized. In the
course of investigating transmission to humans through domestic animals, Luby
and coworkers discovered that some cattle and goats living near outbreak areas
several years later—especially those that were regularly exposed to bats—had
antibodies against both Nipah and Hendra viruses. They were also found to have
apparent cross-reactivity against another unknown virus of the same (Henipah)
family. Bats shed Nipah virus intermittently, he noted. Research is under way to
determine factors that influence periodic viral shedding.

Luby and coworkers have also attempted to devise methods to prevent bats
from contaminating date palm sap. One method, already used in parts of Bangla-
desh, involved applying lime to trees around the collection sites, but this did not
deter bats from drinking sap, as infrared photographs revealed. A physical barrier
proved more successful, he reported; bats did not visit trees with “skirts” made
of polythene, or of bamboo and other readily available materials, whereas control
trees received thousands of bat visits (Khan et al., 2011). Attempts to get palm
sap harvesters to adapt this technology have received mixed results, he observed.
“People are willing to try it for a while, particularly on that minority of trees that
they are interested in drinking fresh sap out of,” he said. “But we are concerned
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about long-term acceptability and uptake, and about how we would roll this out
to all producers. These are issues that [we] are still studying.”

The emergence of Nipah virus offers several relevant lessons to One Health
and food safety, Luby observed. First, it illustrates that food is produced in the
environment, and so shares environmental pathogens, he said. Second, spillovers
of virus to humans occur through a confluence of multiple factors in a complex,
dynamic system. Third, while Nipah and related viruses have had little impact on
the United States to date, their potential for both genetic instability and respiratory
transmission bear watching. “It is certainly conceivable that somebody, while incu-
bating the illness, could step on an airplane,” he acknowledged. The discovery of
cross-reactive antibodies in domestic animals suggests the existence of additional
henipaviruses that may present emerging threats to human health.

Finally, Luby added, “I think the whole process of working on this for several
years also illustrates the value of interdisciplinary research and what we call the
public health cycle, the idea that we are doing surveillance for serious disease.
When we find it, we do outbreak investigations. We work to identify risk factors,
to mount interventions, to evaluate those interventions, even when those evalua-
tions are not quite as resoundingly successful as we would like.”

Challenges in Food-Borne Pathogen Detection

One workshop participant noted in discussion, that in the case of both the
German EHEC outbreak and the Nipah virus epidemic in Bangladesh, investiga-
tors were unable to isolate the pathogen from the suspected food source. This
observation led to a discussion of sampling and testing strategies for food-borne
pathogens.

“It’s actually not a typical event to identify the organism in the implicated
food,” Tauxe stated. There are several reasons for this, he explained: food is
transient, food-borne organisms are transient within foods, and many food-borne
pathogens are resistant to extraction and culture from food sources. Thus, he said,
“over the last decades, one of the most important advances we have been able
to make is to get regulatory action to occur, industry action to occur if we have
strong epidemiologic implications and a traceback to a particular source, without
necessarily requiring that [the causative agent] be isolated from the food. If we
[were to] require that, there will be far less protective action.”

“Prompt regulatory action” is an oxymoron, Hueston responded. “Regula-
tory action requires that you meet an administrative law level of evidence . . .
[whereas] voluntary compliance, building a trusting relationship between the food
industry and public health, has a much higher likelihood of achieving prompt
action early in an epidemic and preventing illness and saving lives.”

This situation underscores the importance of integrating all kinds of evidence
in the course of investigating food-borne disease, Luby argued. “We need to look
broadly at the whole story we’re telling in order to reach reasonable scientific
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inference,” he said. “I think that’s part of what the United States has done in terms
of moving to regulatory action in the absence of microbiological confirmation
in source food.”

Given the rapid evolution of molecular technologies and the continued lag
in capability of recovery of food-borne pathogens by cultivation, one should
expect that molecular and sequence-based data will be increasingly used to link
exposures to causative agents and hosts, observed Forum chair David Relman,
of Stanford University. The benefits of this approach include improved sensitiv-
ity and more information, but there are also drawbacks. While whole-genome
sequencing technologies will be able to detect extracted DNA, it will be difficult
to pinpoint which organism in a complex mixture of genes and gene fragments
revealed by such techniques is the actual causative agent of the epidemic.

“If you just look at the sequence data in isolation, as you suggest, it is actu-
ally very hard to interpret,” Luby agreed. “But if we know that we are dealing
with an implicated food, if we have anecdotal evidence, if we have epidemiologic
evidence . . . then you are really looking at your microarray data very differently,”
he added. This implies a greater need for interdisciplinary collaboration, he con-
tinued. “I see it as not just an internal bioinformatics microbiological issue, but
more broadly, whether we can tell coherent stories.”

Tauxe noted that the CDC has used molecular subtyping of food-borne patho-
gens for many years as part of public health surveillance of food-borne diseases to
detect and investigate outbreaks that would otherwise be missed. Now, concerns
have arisen regarding the transition in the tests that clinical laboratories will use to
diagnose these infections from isolating the organism in culture to diagnosis based
on detecting antigen or sequence. “When rapid culture-independent diagnostic
tests come into play and diagnosis is made on the basis of something that doesn’t
yield a culture, we will lose what we have now, unless we can replace that with
something that is also sequence-based, that also depends on the same sample, and
perhaps something that can even be integrated with clinical diagnosis,” he said.
“We’re going to be in a transition period . . . [during which] we are going to still
depend on routine microbiology for our surveillance and our testing of foods and
so forth, because we need the specificity of the sub-typing we get from [culturing]
the living organism. But . . . new methods have to be developed that are going to
let us move to a probably swifter and probably finer-grained system of surveil-
lance in the future.”

“Food-borne pathogens are ubiquitous,” Hueston observed. “Everybody in
this room will be exposed to food-borne pathogens today. If you come up with a
fancy enough test and test for a large enough number of pathogens, you’re going
to find them in everything.” Moreover, he asserted, “we can’t test our way to food
safety.” Instead, he advised, people from a range of disciplines—epidemiologists,
food scientists, and business people—who understand the constellation of factors
that result in food-borne disease should devise strategies to minimize risk, he
said; that would be One Health in action. “The vast majority of the food-borne
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outbreaks of which I’'m aware have a huge human component,” Hueston added.
“We are completely underestimating and missing the opportunity to work effec-
tively with the human component.”

Food-Borne Vehicles and Pathogens: Illustrative Challenges

Workshop presentations describing the roles of plant products as vehicles
associated with food-borne disease, viruses as food-borne pathogens, and anti-
microbial resistance as a driver of food-borne infections offered insights into
many of the critical challenges to be addressed, and opportunities to employ a
One Health paradigm.

Plant Foods

As described earlier, this country imports more than 75 percent of its fresh
fruits and vegetables, annually (FDA, 2011a). Upon arrival, these products—
along with domestically produced foodstuffs—are typically distributed hundreds
or thousands of miles across the country from central distribution or processing
facilities. Food distribution networks are designed to rapidly transport perishable
goods, to provide just-in-time restocking of non-perishable items, and to take
advantage of economies of scale (Sobel, 2005).

This system of multiple food “inputs” of diverse—and frequently foreign—
origin, quickly dispersed over an elaborate network of processors, distributors,
and purveyors to a public with increasingly broad tastes and immense purchas-
ing power, is staggering in its scope, scale, and complexity. It also represents a
vehicle for rapid and widespread distribution of food-borne disease, a situation
that may delay recognition of an outbreak and impede timely identification of
the source (Sobel, 2005). Even more challenging, the U.S. food supply offers
countless opportunities for intentional contamination, many of which would be
difficult to trace back to their “origin” because of the intricacies of food produc-
tion and distribution networks.

Both Tauxe and Doyle discussed the nature, scope, and environmental
sources of plant food-borne disease. As previously noted by Tauxe, produce and
other plant-associated products are important vehicles of food-borne illness in
the United States. According to Doyle, about one-third of produce-associated
outbreaks of food-borne disease are attributed to leafy greens contaminated
with norovirus (discussed in greater detail below) or with EHEC (WHO, 2011).
Following leafy greens, melons (mainly cantaloupe) and tomatoes are the next
most common outbreak-associated plant food vehicles, he said; the contaminant
in these cases is often Salmonella. Doyle also noted the growing importance of
spices as a vehicle for food-borne disease. “Seventy-five percent of our spices
come from eight countries,” he reported. “These are developing countries, and
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if you saw how these things were grown, harvested, dried, and transported you
might not eat spices anymore.”

Food-borne pathogens generally make their way onto plant surfaces through
direct or indirect contact with animal manure or human feces, Doyle stated. He
noted that several different species of food-borne pathogens (e.g., Salmonella,
Campylobacter, EHEC, Cryptosporidium, and Listeria) are naturally and harm-
lessly present in the digestive tracts of animals and shed in their feces, in which
pathogens can survive for months to years. A recent study in the United Kingdom
found that fresh and stored manure samples from cattle, swine, poultry, and sheep
frequently contained EHEC, Salmonella, and/or Campylobacter (Hutchison et al.,
2004). In 1997, 5 tons of animal manure were produced for every person living
in the United States, he reported.

Plant-derived foods become contaminated with pathogens by one of four
primary routes, Doyle explained:

 as aresult of wildlife incursion into growing areas;

« through the use of contaminated irrigation or processing water;

« through the use of human or animal feces as soil amendments; or

+ from infected humans who handle the food (e.g., food handlers infected
with food-borne viruses, as discussed below).

Numerous studies suggest that pathogens can easily travel any of these
routes, Doyle observed. A wide range of animal species—including feral pigs and
boars, deer, coyotes, rabbits, skunks, rodents, birds, reptiles, and insects—have
been found to function as carriers for various food-borne pathogens.

Plants frequently come into contact with pathogens through contaminated
water. ““You would be surprised how prevalent Salmonella and E. coli O157 can
be in environmental water sources,” Doyle observed. Among the results of several
studies of both domestic and foreign environmental water sources he presented,
Doyle noted that nearly 60 percent of river water tested in Canada, and 80 percent
in the state of Georgia, was positive for Salmonella. EHEC, though not found as
frequently as Salmonella overall, was nonetheless detected in up to 15 percent of
ponds and creeks tested in Brisbane, Australia, he reported. Protozoan parasites,
including Cryptosporidium and Giardia, have been found in high concentrations
in irrigation water in Mexico and the United States. Doyle observed that global
trade in produce means that local water problems can result in food-borne disease
anywhere in the world.

Doyle suggested that reducing the fecal shedding of harmful microbes by
animals should be a focus of a One Health strategy to improve food safety. This
is especially important given the phenomenon of so-called super-shedders: the
10 percent or so of cattle that excrete the majority of E. coli O157:H7, he said.
“Those are the ones we have to either vaccinate or use probiotics or a variety of
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other practical interventions that can be applied on the farm,” he observed. In
addition, animal waste must be managed to improve containment and control
of pathogens, according to Doyle, and to ensure that they are inactivated before
manure or its by-products are applied to soil.

There are also many pathways by which pathogens can enter the interiors of
plant tissues, including fruits and seeds, Tauxe pointed out, either passively or
actively. Once internalized, these microbial contaminants can persist or multiply;
they cannot, however, be washed off or inactivated by surface treatments. “A
bruise on a tomato is a great place for Salmonella to grow,” he said. “So a bruise
is actually not just a quality issue; it’s a safety issue.”

Pathogens may be passively internalized during produce processing, Tauxe
said. This occurred in 1999, when mangoes imported to the United States from
Brazil were treated to kill possible Mediterranean fruit fly by dipping them in hot
water, after which they were chilled in a cold-water bath. “The problem was, the
cold water was not treated, nor potable nor, in fact, clean,” he stated; rather, it was
contaminated with Salmonella Newport, which infected 78 people in 13 states
(Penteado et al., 2004; Sivapalasingam et al., 2003). “If you take a hot fruit and
put it in a cold bath, the internal spaces contract . . . and the fruit takes up fluid
through the stem scar, the calyx, or other pores, and any bacteria in the water are
drawn in,” he explained. “This general phenomenon has been demonstrated for
a variety of fruits.”

Active internalization of pathogens into plants can also occur, Tauxe con-
tinued. For example, he noted, an electron micrographic study of Salmonella
distribution on fresh lettuce leaves shows that the bacterial cells are distributed
randomly over the leaf surface during the night, while in daylight, they are
concentrated near the stomata, where metabolic products of photosynthesis are
released (Kroupitski et al., 2009). Stomata typically close in response to bacte-
rial flagella, he pointed out, but Salmonella and other bacteria, including E. coli
O157:H7, can manipulate leaf stomata to open them and get inside the plant
tissue as illustrated in Figure WO-17 (Melotto et al., 2006; Saldana et al., 2011).

The presence of a specific stoma-opening factor—which apparently serves
no role in the pathogen’s animal hosts—raises the possibility that some enteric
pathogens have a two-host life cycle, involving both plants and animals, Tauxe
said. While herbivores are generally considered to be a reservoir for enteric patho-
gens, plants may be part of the cycle if they are colonized by pathogens excreted
by herbivores. “That might make evolutionary sense, because the plant, producing
edible materials, is then eaten by the herbivore, and if the bacteria can ride this
cycle, then they can move around and they can colonize the next generation of
plants and the next generation of herbivores,” he observed. A better understanding
of this relationship may present new opportunities to interrupt pathogen transmis-
sion “upstream” of human consumption of either plant- or animal-derived food,
he concluded.
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FIGURE WO-17 Bacteria manipulate leaf stomata and get inside. (A) Scanning electron
micrograph showing bacteria on leaf epidermis at 6 h of infection. (B) High magnifica-
tion of boxed area in (A) showing flagellate bacteria internalized in the stomata. (C-F)
Micrographs (60X) of time-course EDL933 infection experiments between 3, 6, 12, and
24 h showing progressive association of bacteria with stomata. (G-J) Same experiment as
before employing IFM and anti-0157 antibodies to stain bacteria (green).

SOURCE: © 2011 Saldafia, Sanchez, Xicohtencatl-Cortes, Puente and Girén. This is an
open-access article subject to a non-exclusive license between the authors and Frontiers
Media SA, which permits use, distribution and reproduction in other forums, provided the
original authors and source are credited and other Frontiers conditions are complied with.

Food-Borne Viruses

According to speaker Marion Koopmans, of Erasmus University in Rotter-
dam, Netherlands, there is evidence for food-borne transmission for members of
many virus families (Duizer and Koopmans, 2008). (Dr. Koopmans’ contribution
to the workshop summary report can be found in Appendix A, pages 225-251.)
As shown in Figure WO-18, viruses tend to follow one of three routes to cause
food-borne disease:

« through infected food handlers;

« through contamination during production (e.g., of irrigation water); and,

 through zoonotic transmission from an animal reservoir (e.g., a wild
animal, consumed as bush meat).
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FIGURE WO-18 Grouping of (potential) food-borne viruses.

SOURCE: Microbial Risk Assessment Series: Viruses in Food (WHO, 2008); Tomato
image: istock ©Mark Penny; Contaminated water: istock ©Claes Torstensson; Necropsy:
FAO Animal Production and Health Commission for Asia and the Pacific.

“The common theme for all of these is really how little we know,” she
observed, asserting that the prevalence and burden of food-borne viral disease
is vastly underestimated because of the lack of systematic surveillance of viral
food-borne outbreaks, and a general lack of knowledge of these viruses within
the food sector and of the threat they pose.

Despite evidence that viruses rank among the top causes of diarrheal disease,
there is no systematic testing of patients for these viruses, Koopmans stated.
Food-borne viral disease outbreaks that are recognized as such represent the “tip
of the iceberg,” she asserted. “Not only do we need to have people with [gastro-
intestinal] illness tested and notified, but they also need to think about the poten-
tial for food as a source of their illness,” she said. “We need the [suspected] food
tested as well to get conclusive evidence. That hardly ever happens.”

Noroviruses, the most common viral cause of diarrhea, infect 1 in 20 people
each year, Koopmans estimated. Infected people—and also infected wild and
domestic animals—shed large amounts of virus through the gastrointestinal tract.
Because the virus is not effectively removed through sewage treatment systems, it
can go on to contaminate seafood and crops that come into contact with recycled
water. Koopmans observed that among European shellfish-growing areas that are
graded according to their influx of sewage, Grade A areas—those that have a very
rare influx of sewage—are virtually nonexistent.
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While noroviral disease is relatively common, Koopmans observed, its symp-
toms are mild compared with hepatitis A, which causes the vast majority of
mortality associated with food-borne viral disease (Scallan et al., 2011b). In
an effort to better understand patterns of emergence of noroviruses, Koopmans
and colleagues established an informal global surveillance network, NoroNet, in
2006.%3 The researchers have observed that there are two main types of norovirus
outbreaks reported: those that occur seasonally in nursing homes and other health
care settings, which are typically caused by a single viral genotype, and all other
outbreaks (including those associated with food), which appear to be caused by
an evolving mixture of viral genotypes (Kroneman et al., 2008; Siebenga et al.,
2010; van Asten et al., 2011). The public health impact of noroviral disease may,
in fact, be underestimated. Data collected by NoroNet suggests that recently
introduced noroviral variants cause increased outbreak activity and more severe
disease, Koopmans reported.

The evident frequency of recombination among food-borne viruses—
demonstrated, for example, in the results of multi-year analyses of viruses from
shellfish samples—is a reason for concern, Koopmans argued. ‘“Particularly
with these sewage-contaminated food-borne outbreaks, we run the risk of gen-
erating more diversity through recombination,” she warned. “We should look
at this as a warning sign. These are relatively mild viruses, but this is going on
all the time.”

Although lack of diagnosis and reporting makes food-borne virus outbreaks
difficult to investigate as they unfold, mining of molecular data on viral genotypes
permits retrospective detection of clusters of outbreaks linked to common, inter-
nationally distributed food sources, Koopmans explained (Verhoef et al., 2011).
At the present time, epidemiological and molecular surveillance of food-borne
viral outbreaks is insufficient to permit their early detection, she said, but this
should be a goal for the future. In the meantime, once an outbreak is detected,
these methods may be useful in warning potential consumers of infected food
preserved by freezing or drying.

“I feel that food-borne transmission of viruses is very common, but it’s rarely
diagnosed,” Koopmans concluded. She urged increased international efforts to
exchange molecular and epidemiological information to enable the sequence-
based linking of clusters of viral enteric disease, and thereby to track global
food-borne outbreaks—outbreaks that threaten to produce more virulent viruses
through recombination.

Ultimately, Koopmans added, “I think we need to start moving away from
individual surveillance systems for individual pathogens and really think through
what the fecal flows and the produce flows are, what smart sampling is, and . . .
use the developing technologies to not just look for a single pathogen, but what-
ever is around there quantitatively.” For example, she noted, researchers have

23 http://www.noronet.nl/noronet/.
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mapped networks of hospitals to determine which experience the highest rates of
patient exchanges—an important risk factor for the transmission of drug-resistant
microbes; a similar analysis might also reveal risks for food-borne outbreaks, she
speculated.

Antimicrobial-Resistant Pathogens

The general phenomenon of antimicrobial resistance (AMR) has been widely
discussed, including by this Forum (IOM, 2010a). According to speaker Henrik
Wegener, of the Technical University of Denmark, AMR represents another
“wicked problem” of the sort previously described by King: a complex and not
entirely predictable system of transmission of resistance genes among animals,
humans, and the environment. (Dr. Wegener’s contribution to the workshop sum-
mary report can be found in Appendix A, pages 331-349.) Food figures promi-
nently in this system, because the use of antimicrobials in low doses as a growth
promotant in food animals acts as a chemical driver for AMR, Wegener observed.
“There is lifelong exposure of animals and other factors that certainly enhance the
selective pressure favoring the emergence of resistance,” he concluded.

This selective pressure operates well beyond the bodies of livestock treated
with low-dose antimicrobials, Wegener pointed out. One hundred percent of
Vietnamese shrimp farms uses ciprofloxacin. Fluoroquinolone concentrations
in sediments and surface waters may reach >4,000pg/kg (Thuy et al., 2011). All
kinds of bacteria inhabit these ponds, including those present in the manure of
terrestrial animals (such as chickens) that is fed to the shrimp, he reported. “No-
body can know where this leads,” he observed.

Agricultural and aquacultural systems for raising food animals are vertically
integrated, Wegener explained. As illustrated in Figure WO-19, “just a few thou-
sand animals in the top of a breeding pyramid become trillions of eggs or trillions
of broilers or trillions of slaughter pigs at the bottom of this pyramid,” he said.
“That is what has happened with Salmonella Enteritidis, where the unwillingness
to sacrifice a few thousand pedigree birds led to millions and millions of human
cases. These things have to be addressed from the top down if we want to really
control them.”

In Denmark, this was accomplished by instituting serological surveillance
of egg producers in 1997, an intervention Wegener described as simple and inex-
pensive. Flocks found positive for the pathogen are either culled and repopulated,
or they are used solely to produce heat-processed eggs. After these practices
were instituted, along with a similar program of surveillance and eradication
of infected broiler flocks, Denmark experienced a significant decline in human
Salmonella infections. However, he noted, these results would not have been
so effective if Denmark imported more meat and eggs or breeding poultry and
livestock, which may also carry pathogenic bacteria and viruses, including those
that are drug-resistant.
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FIGURE WO-19 Pyramids and snowball effects.
SOURCE: Wegener (2011).

Additional contributors to the threat of food-borne AMR pathogens include
the use of critical human antibiotics for animal therapy and growth promotion
and the overuse of all antimicrobials—encouraged by their easy acquisition by
livestock producers, as well as by the significant profit veterinarians receive from
selling antimicrobials, Wegener said.

Integrated surveillance for AMR Building on the success of surveillance
to reduce the incidence of salmonellosis, and out of concern for the increasing
emergence of resistant strains of Salmonella and Enterococci, Denmark instituted
an integrated surveillance system for AMR, called DANMAP (DANMAP, 2012;
Hammerum et al., 2007), along with a complementary surveillance program for
antimicrobial usage (Rodo et al., 2011), called VETSTAT (Stege et al., 2003).
DANMAP monitors antimicrobial resistance, through systematic sampling and
testing of bacterial isolates, from humans, food, and food animals. It includes
human and animal pathogens, as well as indicator bacteria. The results are pub-
lished annually in a report, which can be found online, according to Wegener.
A schematic of surveillance inputs to DANMAP is illustrated in Figure WO-20.

The part of DANMAP that monitors antimicrobial usage in animals is called
the VETSTAT program. Started in the year 2000, it monitors the use of prescribed
antimicrobials in animals at a very detailed level. According to Wegener, for each
record in the database, VETSTAT has information on:
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FIGURE WO-20 DANMAP: Integrated surveillance of antimicrobial resistance and
antimicrobial usage in Denmark.

SOURCE: DANMAP, Danish Integrated Antimicrobial Resistance Monitoring and Research
Program; National Food Institute, Technical University of Denmark (DTU); Wegener (2011).
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Antimicrobial usage data collected by VETSTAT also supports Denmark’s
“yellow card” system, which identifies high-usage swine producers, warns their
veterinarians, and encourages reduction in usage within a 9-month period. “If
they don’t do that, they may get a visit from the district veterinarian’s office,”
Wegener explained; however, there are no defined consequences for ignoring the
“yellow card.” Nevertheless, he said, this measure has been associated with a
20 percent reduction in antibiotic use since it was instituted in 2010. Efforts are
under way to implement integrative surveillance of AMR and antimicrobial usage
throughout Europe and also at the global level, through the WHO’s Advisory
Group on Integrated Surveillance of Antimicrobial Resistance,?* he reported.

Based on his experience with DANMAP and VETSTAT, and in recognition

L http://www.who.int/foodborne_disease/resistance/agisar/en/.
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of the challenges of extending Denmark’s success to the regional and global
levels, Wegener suggested that systems for the integrated surveillance of AMR
meet the following criteria:

» systematic sampling, harmonized laboratory methods, and good data
management;

¢ detailed information on pathogen sample origin and antimicrobial usage;

« sub-typing of bacterial isolates and molecular characterization of resis-
tance genes;

» collaboration and coordination among all parties, including data sharing
and comparison; and

« establishment of a solid basis for further detailed investigation of specific
questions.

Upstream interventions for AMR Wegener described a range of strategies
Denmark has implemented to reduce the emergence and spread of AMR through
the food chain (Aarestrup et al., 2008; Wegener, 2006). In 1995, the country
passed legislation to limit profits to veterinarians on the sale of antimicrobials to
5 percent of their cost, Wegener stated. At the same time, routine prophylaxis—the
use of antimicrobials to treat animal flocks without a disease history—was also
outlawed. During the year after these changes were made, veterinary antibiotic
use in Denmark declined by more than 30 percent, he reported (Wegener, 2006).

Additional voluntary actions further limited antimicrobial use in Danish food
animals. In 1999, Danish swine producers voluntarily terminated the use of in-
feed fluoroquinolones. Despite the voluntary termination of the use of this class
of antibiotics, Wegener reported, usage of the drug slowly increased thereafter.
To address this problem, in 2002, veterinarians were barred from administering
fluoroquinolones to animals unless no alternative treatment existed. This require-
ment effectively reduced fluoroquinolone usage and, with it, the frequency of
fluoroquinolone-resistant E. coli in humans, he said. Despite the loss of several
growth-promoting antimicrobials over the past two decades, Wegener noted that
the Danish swine industry has experienced increased productivity over this period
(Aarestrup et al., 2010). More recently, Danish swine and cattle producers have
voluntarily agreed to eliminate the use of cephalosporins. The effects of this
change on both human and animal health have yet to be determined.

The Danish food animals consume less than 20 percent of the amount of anti-
microbials used by U.S. producers to yield the same amount of meat, Wegener
stated. Organic meat producers in Denmark use a further 10-fold less than con-
ventional ones, at an apparent productivity loss of only 10 percent. “Maybe if you
had spent as much science on improving a production system like this, we could
have 100 percent productivity, but make do with one-tenth of the antibiotics,” he
speculated.
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Adopting—or ignoring—the Danish model In the discussion session that fol-
lowed Wegener’s presentation, Forum member Jeffrey Duchin, of the University
of Washington, noted that the documented success of restrictions on the use of
antibiotics in poultry and livestock in Denmark (as well as in other countries)
has done little to influence U.S. policies. “It makes me a little bit cynical about
our ability to take action on other food safety issues, when we . . . [fail to act on
evidence] . . . that is as far advanced as the data and the research on antimicrobial
drug resistance,” he confessed. This situation may be changing. In a recent
development, a federal court judge in late March 2012 ordered the FDA to take
action on its own 35-year-old rule that would stop farmers from mixing popular
antibiotics into animal feed, a practice which is widely believed to have led to a
surge in dangerous, drug-resistant bacteria (Perrone, 2012).

“I think the lesson from my own country is that you can never have complete
evidence of anything, and at some point in time, you should intervene and then
learn,” Wegener observed. “For many of the interventions that we have done, we
had no evidence that they would work before we intervened. We intervened based
on, say, best scientific evidence and common microbiology sense. Then you have
a huge experiment with that entire production system, and you evaluate it and
you change your program or your policies if you find out that it’s not working
as you expected.” These kinds of interventions are more possible in Denmark
because the scientific culture is far less polarized than in the United States, he
added. “We don’t really see industry and government as being opposites and in
opposition to each other. It is more based on a culture of agreeing to a common
problem and then trying to agree to a solution and then moving along.”

Although Wegener stated that these decisions were made primarily to satisfy
risk-averse Danish consumers, Hueston observed that Denmark “made a decision
decades ago to focus on their export market, as they should.” Daszak added that
Denmark’s policies had allowed it to gain a market-share advantage—a strategy
that would not be as effective in the United States, which does not export the
majority of the meat it produces.

Within the United States, much of the discussion of the use of antibiotics in
animals has been limited to two alternatives—bans or unrestricted use—despite
the fact that a myriad of options exist for managing the associated risk, Hueston
asserted. “There is a need for antibiotics, but we don’t need to misuse and over-
use,” Wegener agreed. “I would just like to see concerted movements toward
trying to find out how low we can go,” he continued, and he encouraged Europe
and the United States to agree to a strategy of reduction in the use of antibiotics
that does not compromise productivity—and to document their progress so as
to influence future policy in the rapidly expanding markets of Southeast Asia,
China, and Africa.
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Approaches to Food-Borne Disease Surveillance, Detection, and Response

A central tenet of a One Health approach is its focus “upstream” of disease
outbreaks, ideally in order to prevent them from occurring in the first place. When
that is not possible, however, the same perspective may enable researchers to
anticipate disease emergence and to detect outbreaks as early as possible. Work-
shop participants discussed several such efforts, including computer-generated
predictions of “hot spots” for disease emergence, the development of digital epi-
demiology methods for early outbreak detection, the use of sequence information
to identify novel pathogens, and the implementation of test-and-hold strategies to
detect food-borne contamination before it reaches consumers.

Predicting Food-Borne Disease Emergence

Nipah and avian influenza outbreaks Although neither the timing nor the
pathogen type involved in food-borne disease events can be accurately predicted,
it is increasingly possible to identify likely outbreak scenarios that can be used
to target surveillance efforts for specific food-borne diseases, as well as for
food-borne disease in general, Daszak observed. Returning to the emergence of
Nipah virus in Malaysia, Daszak described how he and his colleagues used a
One Health approach to analyze the livestock production system and surrounding
ecosystem in order to understand how the outbreak happened. After unraveling
the story of the virus-carrying bats messily eating mangoes among the pigsties,
the researchers attempted to determine why the outbreak occurred when and
where it did.

Nipah virus has probably been circulating in bats for millions of years,
Daszak said, so why did it suddenly emerge on this particular pig farm in 1999?
To answer this question, the researchers constructed a mathematical model to
simulate transmission dynamics of the virus within the index farm’s pig popula-
tion, based on evidence that the virus was introduced repeatedly to pigs there
over a 2-year period prior to the human outbreak (Pulliam et al., 2012). The
result suggests that Nipah emerged in Malaysia when the intensive farming of
pigs reached a certain threshold, with “conditions that allowed the virus to keep
ticking over,” he explained. In this model, it was assumed that the index farm
was not biosecure, he continued, and that bats repeatedly visited, allowing the
virus to be reintroduced multiple times into the pig population. The particular,
highly compartmentalized structure of the farm created the perfect condition for
Nipah to exist.

“Using computer models allows you to re-create epidemics and, to some ex-
tent, predict issues around future emergence of that pathogen,” Daszak observed.
Based on their findings, the investigators advised the Malaysian government on
ways to reduce the risk of future human Nipah outbreaks associated with pig
farms. One is to avoid raising pigs near fruit trees of species that are particularly
attractive to bats, which include mango, durian, and papaya, he said; the other is
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to optimize farm size. “What happened with the outbreak was that the virus got
into a really big, highly structured farm and persisted. Then, when people started
dying . . . everybody started to sell the pigs. They sold them to the fattening
farms . . . ready to send on to Singapore. That’s when the outbreak expanded,”
he explained, because in these small farms more people were exposed to each
infected animal. Under those circumstances, he concluded, “as your farm size
decreases, the risk of getting infected actually increases.”

Taking a similar approach, Daszak and colleagues modeled the transmis-
sion dynamics for highly pathogenic avian influenza (HPAI) to identify potential
hot spots for outbreaks. Previous studies suggested that the practice of double-
cropping rice, which attracts HPAI-carrying ducks to the fields to feed throughout
the year, increases the potential for viral crossover into pigs and, eventually, to
humans (Martin et al., 2011). Daszak and coworkers attempted to build on this
work to understand the role of farm size and connectivity as risk factors for avian
influenza transmission. Using an outbreak simulation model, as depicted in the
cartoon in Figure WO-21, they found that HPAI viral introductions to small
“backyard” farms posed a relatively high risk for human infection; however, as
farm size increases, outbreaks that do occur last longer.

“The worst-case scenario for avian influenza to persist is when you have a
mixture of backyard and large-scale farming,” Daszak observed. Although very

FIGURE WO-21 A schematic representation of how farm size can affect risk of avian
influenza emergence. Highly pathogenic avian influenza has trouble persisting on large
farms, where it is rapidly noticed and birds culled. Mathematical models show that the
virus persists much better when both large and small farms co-exist.

SOURCE: Image provided courtesy of L. Mendiola and P.R. Hosseini, EcoHealth Alliance.
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large farms tend to be more biosecure than backyard operations, the virus seems
able to circulate between large- and small-sized farms, persisting longer than if
only one farm system existed. Thus, he concluded, a mixture of backyard farms
with less-than-secure large farms raises the risk for human transmission of HPAI.

Identifying food-borne disease hotspots Daszak and colleagues developed a
database of every infectious disease that has emerged over the past five decades in
order to develop more generalized rules for predicting where infectious diseases
are likely to emerge (Jones et al., 2008). He reported that a significant propor-
tion of these diseases are driven by food-borne transmission, and that most were
caused by bacteria; however, the number of viral emerging diseases, particularly
zoonoses, has increased in recent years. The main drivers associated with food-
borne diseases are increasing technology and industry, travel, commerce, and
human susceptibility, he said.

“When we know all the drivers of food-borne infections, we can map those
out spatially, analyze the presence or absence of prior outbreaks, and try and get
at the map of where food-borne pathogens will emerge in the future,” Daszak
continued. As illustrated in Figure WO-22, hotspots for food-borne pathogen
emergence are concentrated in the tropics, including the increasingly population-
dense areas of South and Southeast Asia, and also in parts of Europe and North
America. When an additional driver of infectious disease emergence, land-use
change—a proxy for broad-scale deforestation and agricultural development—is
incorporated into this analysis, “parts of Latin America light up and parts of
Southeast Asia become less important, where land-use change has already had
its impact,” he observed. Further, if travel and trade out of hotspot areas are taken
into consideration, he said, “what you see is an incredible risk from the rapidly
developing areas of the planet, where there’s a lot of export, a lot of import. If
you follow the trade routes, it all points to the developed countries that import
these products.” This knowledge can help focus surveillance efforts, he added.

The EcoHealth Alliance, through a collaboration with the university of
California, Davis, and the U.S. Agency for International Development (USAID)
called Deep Forest,” is analyzing the effects of deforestation and agricultural
development in three regions: the Brazilian Amazon near Manaus, the Bwindi
Impenetrable Forest in Uganda, and the Maliau “Lost” Basin and Kinabatangan
River in Borneo. Within these areas, each of which encompasses a gradient
ranging from primary forest to rural farmland to urban landscape, researchers
will attempt—through a combination of metagenomic techniques and interviews

25 Launched in 2011, Project Deep Forest builds on EcoHealth Alliance scientists’ work, which shows
that deforestation threatens global health by leading to the emergence and spread of new diseases.
Initially the project focuses on the tropical forests of Brazil, Uganda, and Malaysia, identifying health
threats to people and wildlife in the communities closest to these forests, and working to prevent their
possible spread to nearby urban areas and ultimately around the world. http://www.ecohealthalliance.
org/writable/publications/annual_gala_invitation_2012.pdf (accessed April 3, 2012).
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Food-borne EID Hotspots map

Relative risk of food-borne EID events, based on Jones et al. (2008). Human
population density and human population growth, were the most important
variables.

Food-borne EID Hotspots map: Including land use change

Relative risk of food-borne EID events, additional drivers included the change in area
of pasture and crop between 1900 — 2000 (modified from Jones et al., 2008).

Human population density, mammal diversity and the land use change were the
most important variables.

FIGURE WO-22 Hotspots for food-borne pathogen emergence.
SOURCE: Jones et al. (2008).
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of residents about their interactions with wildlife—to measure both the number
of unknown pathogens of interest carried by representative wildlife species and
the amount of human—animal contact, Daszak said. Using that information, the
researchers hope to answer the following questions:

» How many viruses are out there?

*  What animals carry them?

* What is the risk of them emerging?

» How can we stop them from emerging?

» Can we use the health angle to reduce deforestation?

The ultimate goal of the Deep Forest project is to elucidate precisely how
agricultural change drives disease emergence, Daszak stated. “Once we have done
that, we can start to work with local people and say [to them], ‘you’re at risk of
a new, emerging disease. There are ways you can change behavior . . . that are
cheap, cost-effective, and will save your health, and you can still make money,””
he concluded.

Wildlife and Food-Borne Disease

Wildlife are known to transmit a variety of food-borne diseases to humans
through multiple routes, the most direct of which is through human consump-
tion of wild animals, speaker William Karesh, also of EcoHealth Alliance,
observed. (Dr. Karesh’s contribution to the workshop summary report can be
found in Appendix A, pages 207-217.) While this description conjures images of
hunters eating wild prey—a focus of Karesh’s work in wildlife conservation and
ecology—he also reminded the audience that nearly half of all seafood consumed
is wild caught and therefore fits the description of “wildlife.” Seafood has been
characterized as an important source of emerging food-borne diseases (Broglia
and Kapel, 2011; Nawa et al., 2005).

Karesh and his colleagues have long engaged hunters around the globe to
participate in the surveillance of wildlife for infectious diseases. Before wildlife-
associated emerging infectious diseases such as SARS, monkeypox, or avian
influenza commanded headlines, EcoHealth Alliance was examining connections
between wildlife and infectious diseases in such settings as logging camps and
bush meat markets, he said. People in logging camps, with populations num-
bering into the thousands, are essentially hunter-gatherers who must obtain all
of their food from the surrounding forest. Bush meat markets, a common food
supply system for much of the world, yield approximately 1 billion kilograms
of meat per year in central Africa alone, according to Karesh. The mass culling of
wildlife is not a sustainable system for providing food, he insisted; therefore,
strategies to replace these practices could simultaneously reduce the risk of food-
borne disease and conserve wildlife.
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Using the case of the emergence of monkeypox?® in the United States as
an example, Karesh noted that food insecurity in one part of a world linked by
global trade can prefigure outbreaks of infectious diseases in places where food
is plentiful. Thus, he concluded, we should be concerned about food safety every-
where and investigate food-borne diseases wherever they occur. In Africa, where
EcoHealth Alliance has engaged with hunters and their communities to assist
in the surveillance of emerging infectious disesases, the organization has also
worked to educate people about food safety. “You work with the hunters and tell
them what’s safe to hunt and what’s not safe to hunt, what should they bring back
to the village, what not to bring back, to cook your food and wash your hands,”
he explained. “You work with the suppliers and the consumers.”

These efforts may have paid off, as there have been no human cases of Ebola
hemorrhagic fever in northern Congo since 2005, Karesh stated, despite the fact
that the disease continues to circulate in wildlife in that region. He attributed this
success to the development of an “honest, multi-stakeholder dialogue” as a foun-
dation for intervention. Karesh described additional EcoHealth Alliance projects
that reflect this same approach and alignment with the One Health paradigm.
These include collaboration with the CDC to identify pathogens present in bush
meat imported into the United States in order to begin to estimate associated risks
for infectious disease.

A similar effort is needed to estimate the volume of illegal wildlife (e.g.,
exotic pets) imported into the United States, and their associated risks, he con-
tinued (Karesh et al., 2005). “There is no financial support for CDC or USDA
or FDA to really do inspections,” Karesh observed. “It’s very hard to do a risk
analysis when you don’t have any data to do the analysis on, but we do see this
stuff coming in every day. It’s probably a threat to livestock. It’s probably a threat
to human health. It’s certainly a threat to wildlife because it’s depleting wildlife
resources. Probably one of the biggest threats to wildlife conservation left in the
world today, [along with] habitat destruction . . . [is] the illegal wildlife trade.”
In the meantime, EcoHealth Alliance works to educate consumers about how to
pick a safe pet, through their PetWatch website.?’

EcoHealth Alliance also participates in a project sponsored by USAID known
as PREDICT (USAID, 2009), which seeks to improve monitoring of infectious
disease emergence in wildlife. Its strategies include a range of efforts to better tar-
get infectious disease surveillance, such as geospatial risk modeling (Jones et al.,
2008), determining routes of transmission, identifying animal species most likely
to transmit infectious diseases, and conducting Internet surveillance for outbreak
cues. PREDICT is also building surveillance capacity in hotspots for disease
emergence to increase the possibility of early detection and effective containment.

26 Humans initially acquired monkeypox when Africans consumed infected rats, having nothing
else to eat, Karesh stated. Monkeypox was introduced into the United States in 2003, in a shipment
of small mammals from Ghana intended for sale as exotic pets (CDC, 2008).

27 http://www.petwatch.net/.
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As Karesh noted, all of these strategies are applicable to food-borne diseases, as

a subset of emerging infectious diseases (Cardoen et al., 2009).

Detecting Viral Outbreaks

Speaker Nathan Wolfe, of the Global Virus Forecasting Initiative (GVFI)
and Stanford University, invoked John Snow’s map of the 1854 London cholera
epidemic (UCLA Department of Epidemiology, 2012), the “ghost map” repro-
duced in Figure WO-23, which led Snow to conclude that cholera was a water-
borne disease, and thereby to the means to stop its deadly spread. (Dr. Wolfe’s
contribution to the workshop summary report can be found in Appendix A, pages
349-362.) Among computer scientists, that map is known as the first geographic
information system, and despite the technological advances that have occurred

FIGURE WO-23 John Snow’s map of the 1854 cholera epidemic in London.
SOURCE: Cheffins (1854).
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since then, epidemiologists continue to investigate outbreaks much as Snow did,
Wolfe observed. Therefore, he continued, when considering novel ways to detect
food-borne diseases, “it’s worth our asking ourselves, if John Snow was in the
audience today, how would he be thinking about these problems?”

Wolfe proceeded to describe several innovative approaches to detecting the
emergence of infectious diseases, focusing on food-borne viral outbreaks. Viruses
frequently jump from wild animals to domesticated animals and human hosts, but
only by degrees, and often unsuccessfully—as illustrated in Figure WO-24—a
phenomenon he referred to as “viral chatter.” Only occasionally do viruses be-
come exclusively adapted to a human host, he said, but until recently, these
relatively rare events have commanded researchers’ attention and have prevented
them from understanding—and therefore predicting—how infectious diseases
emerge. Consequently, for the past decade, GVFI has focused on human popu-
lations most exposed to wild animals, such as people living in central Africa,
where HIV is thought to have emerged—as a food-borne illness, he asserted.
“This is definitely a virus which was associated with the hunting and butchering
of chimpanzees and the contact of food handlers with these sorts of viruses,” he
explained. “Whenever we are going to have an interface with this sort of diversity

Human Exclusive

Human Adapted

Transmissible

Weakly Human
Adapted

Not Human
Adapted

Rabies  Yellow Fever SARS/Ebola Influenza

FIGURE WO-24 Human viruses have animal origins.
SOURCES: Wolfe (2011); adapted from Wolfe et al. (2007).
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of animal viruses, we are going to have the opportunity for these new viruses to
enter into human populations and spread.”

In order to monitor the transition of viruses from animals into humans at the
interface between their populations, Wolfe said that GVFI works with partners
to establish collection sites and collaborations in many parts of the world; this
includes the creation of laboratories, as well as training programs to staff these
facilities, throughout central Africa and parts of Asia. “The basic idea is to move
pathogen discovery from . . . ivory tower laboratories to places where we have
this biological diversity,” he explained. For example, he said, they have enlisted
volunteers who have high levels of contact with the blood and body fluids of wild
animals, such as hunters and workers in wet markets, to spot filter paper with
samples of their own blood, as well as blood from the animals with which they
come into contact.

GVFI has amassed a large collection of these specimens from humans and
more than 140 animal species, Wolfe reported. “In the last twelve years we’ve
assembled some of the most comprehensive sample sets of human [>120,000] and
animal [>60,000] blood spot collections in the world,” he stated. These resources
allow the researchers to monitor the flow of viruses into the human population,
and even to witness the moment at which an outbreak is born, he said; for exam-
ple, they were able to detect the crossing of simian foamy viruses (SFVs) from
gorillas and mandrills into the humans who hunt and butcher them (Wolfe et al.,
2004). Daszak also made note of these retroviruses, observing that they “could be
the next HIV, coming in through the food system just like HIV did.”

Wolfe and colleagues conducted similar analyses of human T-lymphotropic
viruses (HTLVs) types 1 and 2, which originated independently and are related
to simian T-lymphotropic viruses STLV-1 and STLV-2, respectively (Wolfe et
al., 2005). HTLV-1 and HTLV-2 are pandemic viruses that infect between 5 mil-
lion and 20 million people worldwide, causing severe disease in a percentage of
those individuals, he reported. They found that central Africans who had contact
with the blood and body fluids of non-human primates (e.g., through hunting,
butchering, and pets) were infected with a wide variety of HTLVs, including two
previously unknown retroviruses (HTLV-3 and HTLV-4). In addition to revealing
new levels of HTLV diversity and suggesting that human exposure to non-human
primates contributes to HTLV emergence, these findings also indicate that cross-
species transmission is not the rate-limiting step in pandemic retrovirus emer-
gence; rather, they show that it may be possible to predict and prevent disease
emergence by surveillance of populations exposed to animal reservoirs, as well
as through interventions to reduce human exposure to non-human primates.

GVFI has also been involved in a collaborative effort in the Democratic
Republic of the Congo (DRC) to study the transmission of human monkeypox
virus (Rimoin et al., 2010). Thirty years after mass smallpox vaccination cam-
paigns ceased, rendering the population increasingly immunologically naive
to orthopoxviruses including monkeypox virus, the incidence of monkeypox
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infection has dramatically increased in rural areas of the DRC. Using filter
paper—based blood samples from people exposed to wildlife through hunting
or meat-handling, as previously described, GVFI researchers will be able to
determine whether monkeypox virus emerged in a similar fashion to SFV and
the HTLVs.

In addition to their retrospective analyses of food-borne disease emergence,
GVFI investigators are exploring the detection of outbreaks in “real time” through
the application of digital epidemiology. The global expansion of cellular phone
usage and social networks is producing a wealth of data that can be mined
for both content and location, Wolfe observed; this is the basis for GVFI’s
EpidemiclQ project, which queries a variety of open-source and proprietary data
feeds (e.g., blogs, Twitter feeds) to detect patterns of illness in their content and
combine this with geolocation. These methods are capable of detecting outbreaks
well before they are announced, he continued; they can also permit estimation of
the outbreak’s impact and identification of risk factors associated with infection.

Digital epidemiology transcends the division between epidemiological and
microbiological investigation of food-borne outbreaks, Wolfe observed. This
approach has the potential to detect infectious outbreaks early, based on sequence
data that represent both host susceptibility and the genetic diversity of various
populations of microorganisms, and on indirect information gleaned from data
sources, in order to prevent or limit their spread.

Microbe Hunting

Advances in technology are rapidly expanding the viral sequence database.
According to speaker W. Ian Lipkin, of Columbia University, the vast majority
of the estimated 1 million viruses carried by vertebrate animals have yet to be
identified (Morse, 1993). (Dr. Lipkin’s contribution to the workshop summary
report can be found in Appendix A, pages 251-271.) Thus, a major challenge fac-
ing today’s microbe hunters is the need to discriminate among this vast array of
potential pathogens—in Lipkin’s case, viruses—to identify the causative agent
of a specific outbreak. Researchers can take a number of different approaches
to pathogen identification Lipkin noted; these are summarized in Figure WO-25
(Lipkin, 2010).

Classical methods involve culturing the pathogen, a critical step in ful-
filling Koch’s postulates,?® while molecular techniques for detecting pathogen
sequences—which have provided a wealth of information—frequently lead to the
discovery of microbes that cannot be propagated in vitro, or for which no animal
model systems have been developed, he observed. Lipkin presented numerous

28 Koch’s postulates, which establish the causal relationship between pathogen and disease,
stipulate that the pathogen is present in every case of the disease, specific for that disease, and can
be propagated in culture and capable of replicating the original disease upon inoculation into a naive
host (Koch, 1891).
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FIGURE WO-25 A staged strategy for pathogen discovery.

SOURCE: Microbiology and Molecular Biology Reviews, 2010, 363-377, doi: 10.1128/
MMBR.00007-10 and reproduced with permission from the American Society for
Microbiology.

illustrative examples, gleaned from his own experience, of the application of a
range of molecular methods for pathogen discovery, described in Box WO-4, to
the investigation of infectious outbreaks that appear to be caused by novel infec-
tious agents.

In one case, when Lipkin and colleagues used MassTag PCR (see Box WO-4)
to investigate an outbreak of influenza-like illness in New York State, they dis-
covered a novel rhinovirus was the likely cause of this outbreak (Lamson et al.,
2006). Follow-on studies implicated these viruses not only in influenza-like ill-
nesses but also in asthma, pediatric pneumonia, and otitis media. He noted that a
similar study implicated rhinoviruses and enteroviruses as the cause of influenza-
like illness during the summer months in New York City at the time that HIN1
was circulating (Tokarz et al., 2011); another determined that high case fatality
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BOX WO-4
Molecular Methods for Pathogen Discovery

Singleplex Assays

The most common singleplex assays employed in clinical microbiology and
microbial surveillance are polymerase chain reaction (PCR) assays, wherein
DNA strand replication results in either the cleavage or release of a fluorescence-
labeled oligonucleotide probe bound to a sequence between the forward and
reverse primers. Nested PCR, in which two amplification reactions are pursued
sequentially with either one (hemi-nested) or two (fully nested) primers located
3’ with respect to the original primer set, may be more sensitive than fluorescent
reporter dye singleplex assays. However, because the original reaction vessels
must be opened to add reagents for the second, nested reaction, the risk for
contamination is high, even in laboratories with scrupulous experimental hygiene.

Multiplex Assays

Signs and symptoms of disease are rarely suggestive of a single agent, par-
ticularly early in the course of an illness. Multiplex assays may be helpful in such
situations because they may be used to entertain many hypotheses simultane-
ously. The number of candidates considered ranges from 10 to 100 with multiplex
PCR, to thousands with microarrays, to the entire tree of life with unbiased high-
throughput sequencing. In multiplex assays many genetic targets compete for
assay components (e.g., nucleotides, polymerases, and dyes), in some instances
with variable efficiencies. Thus, multiplex assays tend to be less sensitive than
singleplex assays.

Multiplex PCR Assays

Gel-based multiplex PCR assays, wherein products are distinguished by mass,
can detect as many as 10 distinct targets. Two platforms that combine PCR and
mass spectroscopy (MS) for the sensitive, simultaneous detection of several
targets have been established. The Ibis T5000 biosensor system uses matrix-
assisted laser desorption—ionization MS to directly measure the molecular weights
of PCR products obtained in an experimental sample and to compare them with a
database of known or predicted product weights. MassTag PCR uses atmospheric
pressure chemical ionization MS to detect molecular weight reporter tags attached
to PCR primers. Syndrome-specific MassTag PCR panels have been established
for the detection of viruses, bacteria, fungi, and parasites associated with acute

associated with HIN1 in Argentina was not caused by a more virulent influenza
virus, but by co-infection with Streptococcus pneumoniae (Palacios et al., 2009).
These findings illustrate the potential pitfalls in prematurely narrowing an outbreak
investigation to one pathogen, or even a single class of pathogens, he observed.
Sequencing technologies to identify potential pathogens are fast, inexpensive,
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respiratory diseases, diarrheas, encephalitides/meningitides, and hemorrhagic
fevers. The Bio-Plex (also known as Luminex) platform employs flow cytometry
to detect PCR amplification products bound to matching oligonucleotides on fluo-
rescent beads. Assay panels that allow the detection of up to 50 genetic targets
simultaneously have been developed.

Microarrays

Microarray technology runs the gamut from assays that comprise hundreds to
those comprising millions of probes. Probes can be designed to discriminate dif-
ferences in sequence that allow virus speciation or to detect thousands of agents
across the tree of life. Arrays comprising longer probes (e.g., >60 nt) are more
tolerant of sequence mismatches and may detect agents that have only modest
similarity to those already known. Two longer probe array platforms are in com-
mon use: the GreeneChip and the Virochip. Although they differ in design, both
employ random amplification strategies to allow an unbiased detection of microbial
targets.

Unbiased High-Throughput Sequencing

The power of unbiased high-throughput sequencing has enabled unique ad-
vances in microbial surveillance and discovery. Applications include metagenomic
characterization of environmental and clinical samples, rapid and comprehensive
sequence analysis of microbial strains and isolates, and pathogen discovery. Unlike
cPCR or array methods, whereby investigators are limited by known sequence
information and must choose the pathogens to be considered in an experiment,
high-throughput sequencing can be unbiased and allow an opportunity to inventory
the entire tree of life.

After amplification and sequencing, raw sequence reads are clustered into
non-redundant sequence sets. Unique sequence reads are assembled into con-
tiguous sequences, which are then compared to databases using programs that
examine homology at the nucleotide and amino acid levels using all six potential
reading frames. However, because a truly novel pathogen might elude this level
of analysis, researchers are exploring ways in which insights into the identity of
agents may be determined by features such as nucleotide composition or pre-
dicted secondary or tertiary structures.

SOURCE: Excerpted from Microbiology and Molecular Biology Reviews, 2010,
363-377, doi: 10.1128/MMBR.00007-10 and reproduced with permission from the
American Society for Microbiology.

and likely to become increasingly so, which begs the question of how best to ana-
lyze the volumes of data these methods generate, Lipkin stated. “The traditional
methods that people use are alignment-based strategies,” he explained. ““You look
for similarities between what you’ve found and what is known at the nucleo-
tide level and at the protein level.” Other approaches to investigating virus-like
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sequences not identifiable through alignment include nucleotide composition and
order analysis—methods Lipkin likened to cryptography—to identify sequences as
belonging to a specific viral genus or family or to infer the infected host species.
For example, he said, viral sequences obtained from fecal material may originate
from humans, animals or plants consumed by humans, or even from plant material
eaten by an animal that the human later consumed. Sometimes, however, putative
outbreaks turn out to be caused by non-infectious agents, Lipkin reported. One such
event occurred among workers at a pork processing plant who developed severe
peripheral neuropathy (Holzbauer et al., 2010). All of the affected workers, whose
task it was to extract pig brains with high-pressure air hoses, were not protected
from exposure to brain tissue by facemasks or skin covering, he said. However,
because the disease did not spread beyond these workers, it seemed unlikely to
be infectious; eventually, it was confirmed that the workers were suffering from a
previously described autoimmune reaction, not an infectious disease, he reported.

Another episode of pathogen “de-discovery,” described in detail in a recent
review by Lipkin, involved evidence that contributed to discrediting a proposed
causal relationship between the measles, mumps, and rubella (MMR) vaccine
and the development of autism (Hornig et al., 2008). According to the discredited
model, measles virus present in the vaccine was hypothesized to alter the perme-
ability of the intestinal lumen to neuroactive molecules that passed, via the circu-
latory system, to the brain; however, Lipkin and coworkers found little evidence
for the presence of measles virus RNA in the intestinal lumen of children with au-
tism and gastrointestinal disturbances (case) or gastrointestinal disturbances alone
(control), and no differences between case and control groups. They did discover
intriguing differences between children with autism and gastrointestinal dysfunc-
tion, and children with gastrointestinal dysfunction alone, in levels of enzymes
that break down complex sugars and of transporters that carry simple sugars from
the lumen of the intestine into the systemic circulation. These differences were
associated with differences in the microflora in the intestines of the two groups of
children that may prove to be clinically significant.

Lipkin also provided a brief review of a number of novel viruses his group
has recently identified:

 The first filovirus found to be endemic to Europe (Negredo et al., 2011).
The virus is an intermediate between the Marburg and Ebola viruses,
which suggests that many more filoviruses have yet to be discovered. The
virus’s host is a widely distributed bat species, Miniopterus schreibersii.

» Canine hepatitis virus, also present in horses, the closest relative to human
hepatitis C virus, which infects more than 200 million people worldwide
(Kapoor et al., 2011).

* An influenza virus that infected and killed ringed seals in Alaska (Nolen,
2011) and New England (NOAA, 2011a) in 2011. The H3N8 influenza
virus had previously been isolated from dogs and birds, and was appar-
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ently transmitted from marine birds to seals, Lipkin said (NOAA, 2011b).
It has the potential to jump to domestic animals and perhaps, even to
humans, he added.

One Health Approaches to Food System Biosecurity

The number of food-borne disease outbreaks is increasing in frequency, yet
the myriad approaches to food safety used around the world make it difficult
to implement a unified, risk-based approach to managing and controlling these
hazards (Coker et al., 2011; Karesh et al., 2005). Food and agricultural systems
have become so complex and extensive in size that food safety hazards have the
potential to cause extensive and far-reaching damage to human and animal health.
The changing nature of food-borne pathogens further compounds efforts to keep
pace with this “wicked problem.” The complexity of maintaining food system
biosecurity also makes it a natural place to apply a One Health approach, which
focuses on upstream factors such as animal health and ecological disturbances
(Figure WO-26).

The global food system depends on the ability to safely trade food-related
goods and services. Food and water are major pathways for the introduction and
spread of emerging and reemerging infectious diseases (World Bank, 2010).
Ensuring their health is a means of maintaining a safe and adequate food supply,
but it requires expertise from multiple disciplines in order to comprehensively
evaluate current approaches to managing and preventing disease outbreaks. The
complex nature of the global food supply chain thus increases the importance of a
cross-disciplinary approach to examining food-borne zoonoses (e.g., Salmonella,
E. coli, etc.) linked to livestock production (Coker et al., 2011). Disease outbreaks
in animals and contamination events erode confidence in international trade
while simultaneously exerting economic consequences associated with reporting
adverse health events linked to a food item.

While globalization has increased the need for efficient, effective, coordi-
nated, and comprehensive responses to zoonotic diseases, food-borne disease
outbreaks, and detrimental changes to the environment, stakeholders in relevant
sectors have continued to operate in relative isolation without considering the
obvious links that One Health underscores (Figure WO-27). Rapid disease trans-
mission across borders and between humans and animals has ramifications for
health, international trade, international development, and the global economy
(WHO, 2011). The past outbreaks of HSN1 and HIN1 influenza viruses were
important events that helped focus international attention on One Health. The les-
sons learned from these epidemics have applications for One Health to improve
food safety, including the need for integrated microbial surveillance across health
domains, readily sharing information and data including the private sector, and
building the capacity and infrastructures for both public and animal health.

Several workshop speakers discussed the important implications of a One
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FIGURE WO-26 A One Health approach recognizes the interconnection between
humans, plants, animals, water, and the environment as it relates to health problems.
SOURCE: University of California Global Health Institute (http://www.ucghi.
universityofcalifornia.edu/images/one-health-chart.png).

Health paradigm for food system biosecurity. Their presentations focused on the
essential role of surveillance in understanding the relationships between food-
borne diseases and ecosystems, and in using that knowledge to anticipate, detect,
and respond to risk in a range of different contexts. Such complex efforts demand
the involvement and coordination of multiple stakeholders—a challenge that is
only beginning to be met, and one that ultimately will require organizational and
institutional changes.

One Health in Australia: The Biosecurity Continuum

While acknowledging that common factors drive the emergence of infectious
diseases, including those that are food-borne, speaker Martyn Jeggo, director of the
Commonwealth Scientific and Industrial Research Organisation (CSIRO)?® Austra-

29 CSIRO is Australia’s national science agency.
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FIGURE WO-27 The “host—parasite” continuum. The host—parasite ecological contin-
uum (in this context “parasites” include viruses and parasitic prokaryotes). Most emerging
diseases exist within a host and parasite continuum between wildlife, domestic animal, and
human populations. Few diseases affect exclusively any one group, and the complex rela-
tions between host populations set the scene for disease emergence. Examples of emerging
infectious diseases that overlap these categories are canine distemper (domestic animals
to wildlife), Lyme disease (wildlife to humans), cat scratch fever (domestic animals to
humans), and rabies (all three categories). Arrows denote some of the key factors driving
disease emergence.

SOURCE: From Daszak, P., A. A. Cunningham, and A. D. Hyatt. 2000. Emerging in-
fectious diseases of wildlife—Threats to biodiversity and human health. Science
287(21):443-449. Reprinted with permission from AAAS. http://www.sciencemag.org/
content/287/5452/443 full.html.

lian Animal Health Laboratory, noted that food safety tends to be managed quite
differently from infectious disease control in Australia (and indeed throughout the
word), and that these differences are likely to persist. (Dr. Jeggo’s contribution to
the workshop summary report can be found in Appendix A, pages 198-206.) “From
an infectious disease point of view we’re concerned with the effect of the disease
on the host [which may be an animal or plant], whereas from a food safety point of
view we’re primarily concerned with the impact [of adulterated food] on humans,”
he noted. Nevertheless, Jeggo continued, Australia has embraced the One Health
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paradigm in its emphasis on biosecurity, which he defined as “the protection of the
economy, the environment, social amenity, and human health from the negative
impacts associated with the entry, establishment, or spread of animal or plant pests
and diseases, or invasive plant and animal species.”

Australia divides its efforts to manage biosecurity risk among preborder,
border, and postborder activities, Jeggo explained. Preborder activities include
epidemiological intelligence, risk analysis, and efforts to address offshore risks.
Postborder activities include surveillance, detection, and response to biosecurity
threats that have not been excluded by measures such as inspection and quaran-
tine (Commonwealth of Australia, 2008). Although more than half of Australia’s
investment in biosecurity currently supports activities at its border, he said, “we
actually need to focus a lot more on our postborder activities.” Moreover, while
compartmentalizing biosecurity activities relative to the border has been conve-
nient, “we now recognize that if we’re going to be effective, it needs to be man-
aged as a continuum,” Jeggo noted.

Australia’s federal government is primarily responsible for preborder and
border biosecurity, whereas the states and territories implement postborder
activities. Recently, in response to resource limitations, states and territories
have sought support from the federal government and from industry in order to
strengthen postborder biosecurity efforts, Jeggo said.

“We do have a very extensive National Animal Health Surveillance System,
but we need to improve it,” he observed. “We have a very strong relationship with
industry, and industry recognizes that [disease] poses a risk to trade and . . . local
production. We’ve now got a strong dialogue going on, with industry prepared
to seriously invest in this area.” However, he added, partnership with industry
“comes with the underlying understanding that industry will also want to be
involved in at least influencing the decision-making process.”

Australia recognizes that the One Health approach is essential to managing
both food safety and infectious disease risks, Jeggo concluded. “It is clear to all
of us that if we work together across that continuum of wildlife, animal health,
and human health, we should deliver better outcomes,” he said, but he noted that
actual evidence for that conclusion is lacking—and that it is necessary to support
further efforts.

Jeggo also suggested that intergovernmental organizations that in the past “paid
lip service to One Health” should continue to undertake organizational changes nec-
essary to implementing interdisciplinary approaches to food safety. “We need to
create divisions, departments, institutes of One Health where we can actually get a
genuine partnership going on, [and] where resource allocation will drive the cultural
changes that we need,” he insisted. “Organizational change [will] drive what we
really want to achieve, and that is a genuine One Health approach.”
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One Health in Canada: Integrated Surveillance

As in Australia, responsibility for food safety in Canada is divided among
federal and provincial or territorial agencies, according to speaker Rainer
Engelhardt, of the Public Health Agency of Canada. (Dr. Engelhardt’s contri-
bution to the workshop summary report can be found in Appendix A, pages
176-188.) Following an international expert consultation on One Health held in
Winnipeg in 2009 (Public Health Agency of Canada, 2009), Canada “took up the
gauntlet of One Health,” he said, developing a strategic framework for ongoing
efforts toward risk identification, assessment, and avoidance.

“Our current approach in the country is to look at One Health in the food
safety context in the multiple dimensions—how to optimize health programs, tar-
geting science and research, more integrated surveillance, enhancing food safety
epidemiology, risk assessment, inspection and regulation,” Engelhardt explained.
To be effective will require collaboration among a broad range of agencies at the
federal and provincial/territorial levels, as well as partnership with other countries
and with non-governmental agencies, such as the WHO, he added.

Addressing AMR (an issue previously discussed in the subsection titled
Antimicrobial-Resistant Pathogens) is a focus of Canada’s One Health approach
to food safety, and surveillance is the keystone of these efforts, Engelhardt
said. Canada has established two primary complementary surveillance systems,
which he described in detail: the Canadian Integrated Program for Antimicrobial
Resistance Surveillance (CIPARS) and the National Integrated Enteric Pathogen
Surveillance Program (C-EnterNet). Information from these sources is further
integrated with data provided by PulseNet (CDC, 2011d), by the Global Public
Health Information Network (Public Health Agency of Canada, 2004), and by
parties to the International Health Regulations (WHO, 2008).

CIPARS (Public Health Agency of Canada, 2007) is modeled after DANMAP
(DANMAP, 2012) and also after NARMS (FDA, 2012), Engelhardt said. He
explained that CIPARS monitors trends in antimicrobial use, as well as anti-
microbial resistance in selected bacteria (particularly Salmonella and E. coli
among food-borne pathogens), at major points along the “farm-to-fork” con-
tinuum. CIPARS is intended to enable the timely national and international
dissemination of surveillance data, and its accurate comparison to similar data
collected by other countries, he said. He also noted that in 2005, information from
CIPARS linking the use of the antimicrobial ceftiofur in poultry to the develop-
ment of resistance in humans and animals led to a voluntary ban on the use of
the drug by the poultry industry.

Engelhardt described C-EnterNet, which was modeled to some extent on the
CDC’s FoodNet surveillance system (CDC, 2011c), as “an integrated program
designed to monitor human infectious enteric illness in order to inform food and
water safety policy.” Through surveillance, C-EnterNet (currently a pilot program
run at only two sentinel sites in Ontario and British Columbia but slated to be ex-
panded soon to additional sites in Canada) detects changes in trends of the human
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enteric disease incidence and pathogen exposure levels from food, animals, and
water. These data sets are then analyzed to determine the proportion of cases due
to water, food, or animal contact and thereby to identify statistically significant
risk factors for enteric illness. For example, C-EnterNet analyses revealed that
nearly one-third of reported cases of enteric disease (involving both food-borne
and non-food-borne pathogens) were travel-related; such information has been
used to develop advice for both travelers and physicians, he said.

“It’s important to have the CIPARS system and the C-EnterNet system
work congruently,” Engelhardt observed. “The CIPARS side brings into play
information on antimicrobial use and relevant elements of animal husbandry and
management . . . [while] C-EnterNet looks at the inputs from the social/cultural
and natural environments . . . [and] economic and trade considerations.” Together,
they provide Canada with a national structure for integrated surveillance, he
concluded.

Echoing remarks by Karesh and Jeggo, Engelhardt noted that present appli-
cations of the One Health paradigm to the complex problem of ensuring a safe
food supply are implemented piecemeal, and their integration constitutes a work
in progress. The programs and strategies described by these three speakers focus
mainly on specific environmental interfaces critical to addressing food-borne
disease, but as Engelhardt observed, “as far as the full operationalization of One
Health is concerned, we’re not there yet. I think we see how to do it, but we’re
not yet fully committed, especially institutionally to implementing the concept.”

One Health in the United States

Publication of Upton Sinclair’s The Jungle (1906) led to the passage of the
first food safety law in the United States in the early 1900s; today, 15 federal
agencies are responsible for executing the more than 30 laws that direct food
inspection in the United States (GAO, 2004, 2005). A One Health approach to
food safety emphasizes the sharing of relevant information among disparate
organizations, unifying organizational mandates among human, animal, and
environmental health professionals, and integrating local national and inter-
national surveillance networks. Although there has been limited interaction
between human and veterinary health professionals, the implementation of a
One Health approach could have numerous applications in the prevention of
food-borne illness. Many scientific, regulatory, and surveillance organizations
have begun to adopt a One Health approach to their programs,*® but in many
cases they have faced barriers to implementation (Atlas et al., 2010; Karesh
et al., 2005; World Bank, 2010). Currently, there is no single robust system in

30 For example, the U.S. Secretary of Agriculture is working to manage interagency cooperation in
the area of One Health by creating the USDA One Health Multiagency Coordination Group (USDA,
2011b).
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FIGURE WO-28 Schematic presentation of the collection, collation, analysis, and inter-
pretation of surveillance data and the subsequent dissemination of information to all the
major stakeholders in food safety. There is currently no single organization responsible
for coordinating surveillance data.

SOURCE: Adapted from Wong et al. (2004).

place that embraces this approach,’! as illustrated in Figure WO-28 (Atlas et
al., 2010, emphasis added).

Given the resource limitations that most governments face, adopting an effi-
cient system that eliminates redundancy, maximizes benefits to public health, and
reduces health risks would allow resources to be allocated in a way that provides
the greatest benefit to the public. Yet, no single multilateral organization or gov-
ernment agency has a mandate to pursue policies or collect data related to disease
spread based on a One Health approach (Karesh et al., 2005). Nearly all of the
outbreaks discussed in this workshop are preventable when measures are taken
to prevent, detect, and remove contaminants. Through collaboration of producers,
processors, retailers, and consumers, interventions and systemic changes at mul-
tiple points along the food safety spectrum can dramatically reduce occurrences
of food-borne illness (Taylor, 2002; Wegener, 2006).

31 The NARMS is a shared project among FDA, the USDA, and the CDC that is a good example of
sharing information across agencies. In addition, the CDC has had an integrated strategy in place in a
system to monitor West Nile that includes animals, mosquitoes, and people that has been successful,
albeit not in food safety. The National Biosurveillance Advisory Committee issued a report to the
Director of the CDC titled Improving the Nation’s Ability to Detect and Respond to 21st Century
Urgent Health Threats that recommends the need to have a more integrated surveillance strategy for
the United States that includes animal populations and food (http://www.cdc.gov/about/advisory/pdf/
NBASFinalReport_April2011.pdf).
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FDA, One Health, and the U.S. Food Safety Modernization Act The Janu-
ary 2011 passage of the FDA Food Safety Modernization Act (FSMA)3? has
increased FDA'’s role in food safety regulation, prevention of contamination, and
import oversight, as well as its power to issue recalls; however, funding of these
mandates remains uncertain (Stewart and Gostin, 2011). With its emphasis on
prevention, rather than reaction, and its risk-based framework for inspections and
regulation, the FSMA aligns FDA'’s food safety practices with core public health
tenets, as well as with recent IOM recommendations (IOM, 2010b).

Michael Taylor, FDA’s deputy commissioner for foods, described how the
FSMA reflects the principles of One Health in his keynote address to the work-
shop. Calling the One Health perspective “indispensable to the goal of prevent-
ing food-borne illness,” he stressed that One Health is central to FDA’s overall
approach to improving food safety, not just to implementation of the FSMA. For
example, he said, the Office of Foods, which he directs, was created to integrate
the work of FDA’s Center for Food Safety and Applied Nutrition (CFSAN) and
its Center for Veterinary Medicine (CVM). “The regulatory activities of CVM
cut across to the human food safety side, whether it’s dealing with the residues of
animal drugs and animal feed additives in edible tissue of animals, [or with] the
antimicrobial resistance issue . . . [or | with the issue of food animal shedding of
pathogens,” he explained. Resource allocation and budgeting for both Centers are
integrated and guided by risk-based decision making aimed at “getting the most
public health bang for the buck,” he said.

The Office of Foods has also established a Science and Research Steering
Committee, consisting of science and laboratory directors of CFSAN and CVM,
as well as research directors from FDA’s Office of Regulatory Affairs, which
encourages integrated food safety research and methods development, Taylor
continued. Experts from these agencies are also mounting a combined effort to
implement key elements of the FSMA, which he called “a remarkable public
policy breakthrough.”

FDA’s food safety program did not arise from an overarching vision, but
instead consisted of a set of statutory provisions that had evolved in response to
crises that arose over the course of the past century, Taylor explained. With the
FMSA, Congress recognized the advantages of developing an integrated, whole-
system approach to food safety—a view consistent with One Health, he observed.
Specifically, the FMSA

« mandates an examination of the entire food system, from farm to table;

« emphasizes evidence-based risk reduction;

« includes both human food and animal feed; and

» recognizes the significant role and the inherent risks of international trade
with regard to food safety.

32 FDA Food Safety Modernization Act, Public Law 111-353, 124 Stat. 3885.
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Four illustrative issues In order to illustrate the influence of One Health in
guiding FDA food safety policy, Taylor described the agency’s approach to ensur-
ing the safety of produce, eggs, and pet foods, as well as their efforts to reduce
the risk of AMR.

As directed by the FSMA, FDA is in the process of establishing regula-
tory standards for growing practices on the farm to deal with the problem of
the microbial contamination of produce and resulting food-borne illness, Taylor
stated; these standards will address issues such as the microbial quality of water
and the means to protect water supplies from contamination, and they will define
the responsibility of the grower to prevent food contamination. However, there
is also a need to encourage primary prevention of pathogens entering the food
system, he added; to that end, FDA partners with the USDA, which in turn col-
laborates with the livestock industry, to develop on-farm practices and interven-
tions to reduce pathogen loads in animals that could contaminate produce.

In 2009, FDA issued an egg safety rule intended to reduce the transmission of
Salmonella enteritidis to eggs from infected laying hens (FDA, 2009). Salmonella
infections are often spread to chickens in such facilities by rodents or birds, he
noted. The rule stipulates that laying hens be separated from other animals that
could potentially transmit infection. Applying this rule systematically and com-
prehensively will reduce the burden of salmonellosis in this country, he asserted.

The 2007 contamination of pet foods with melamine (FDA, 2010b), which
caused more than 100 pet deaths amongst nearly 500 cases of kidney failure
(Associated press, 2007) in the United States, catalyzed political action for pet
food safety, Taylor observed. The agency responded by proposing rules governing
the safety of pet food; recent incidents of human illness caused by Salmonella-
contaminated pet food treats have also been taken into account in these proposed
FDA rules, he said.

No issue captures the importance of understanding the link between the
health of animals and humans as does the threat of AMR, Taylor observed. In
2010, FDA released a draft guidance document discussing the significant public
health challenge posed by AMR and describing FDA’s proposed strategy for
addressing this issue, which includes phasing out antibiotic use for food animal
production, feed efficiency, and growth promotion, as well as requiring veterinary
supervision of the use of medically significant antibiotics. Several major food
retailers and fast food chains have already made the decision not to buy meat from
animals treated with medically significant antibiotics, he noted.

FDA'’s voluntary antibiotic phase-out strategy was informed by discussion
with drug companies, the veterinary community, and the animal production
industry, Taylor said. “We don’t take the regulatory options off the table, but we
are embarked in a very active dialogue with key elements of that community
to pursue this phase-out strategy,” he said, and that includes identifying and
evaluating the remaining valid prevention or treatment uses of antibiotics in
food-producing animals.
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Taylor’s description of FDA’s approach to addressing AMR sparked con-
siderable discussion among workshop participants, who had already considered
Denmark’s approach to that issue (see the subsection titled Antimicrobial-
Resistant Pathogens). When asked what progress FDA had made toward assess-
ing antimicrobial usage by animal type and geographic region, which would
provide information necessary to establishing a baseline and monitoring re-
sponses to the proposed phase-out, Taylor acknowledged, “When it comes to
really understanding in detail the patterns of usage by animal, by amounts, by
region, we don’t have that information.” Moreover, he said, it is unclear whether
FDA has the authority to collect such information. However, while such data are
essential to science-based interventions, he stated his belief that they were not
needed in order to support the more judicious uses of antimicrobials.

In the discussion that followed Taylor’s remarks, King asked Taylor if he
thought that U.S. government agencies, such as FDA, the USDA, and the Envi-
ronmental Protection Agency, might coordinate their policies and regulatory
activities under a One Health framework. Taylor expressed doubt that the lack
of a conceptual framework was keeping these agencies from working together;
he was more inclined to attribute “classic institutional organizational behavior
issues” such as the creation of specialized “silos” of expertise and “turf” that
must be funded and defended. However, he also noted that FDA was taking sev-
eral steps to encourage collaboration, such as research under way with the CDC
on ways to identify specific foods and pathogen-food combinations as causes of
food-borne disease outbreaks.

The FMSA stipulates that the CDC’s conduct of food chain surveillance
should fulfill the needs of consumers, FDA and other state and local regulatory
agencies, and the food industry, Taylor continued. In addition, he contended,
such surveillance should be designed not only to generate data, but also to derive
the greatest possible value from the data collected. Pursuing this goal as a col-
laborative effort is currently difficult, because the CDC and FDA budgets are
separately funded, he added. “Ideally,” he observed, “on cross-cutting subjects
like surveillance you’d actually have an integrated budget initiative approach,”
but unfortunately, the appropriations process does not encourage it.

Keusch asked whether, given that more than 40 years of discussion and
recommendations to reduce AMR had not produced significant regulation, there
could be any reason for optimism on this issue. Nevertheless, he suggested that
the possibility of creating partnerships with industry in which antimicrobial
usage could be monitored and evaluated, and among which data on AMR were
shared, might offer a glimmer of hope. Taylor agreed, and he observed that such
partnerships would expand access to data collected by various companies on
the distribution of microbial pathogens throughout the food system. Under the
FSMA, FDA will examine privately conducted food safety audits of companies
seeking accreditation in food safety, he added. “That’s an enormous body of
information that could be very valuable to us,” he said, “but only if we have
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an information system that permits us to put it together and analyze it and take
advantage of it.”

In response to a question from Duchin, Taylor stated that FDA has not set a
quantitative goal for reducing the non-therapeutic use of antimicrobials in ani-
mals. Rather, he said, FDA’s strategy represents a shift from the uncontrolled use
of antimicrobials to controlled and monitored use, and the consequent monitoring
of impact. The FSMA directs FDA to identify the most significant food-borne
hazards across the food supply, and to implement measures to minimize those
hazards, he further explained. “There will no doubt be some opportunities to set
perhaps some quantitative benchmarks as performance standards,” he said. For
example, he noted, FDA has long regarded Salmonella in ready-to-eat foods as an
adulterant; in that case, he said, “the performance standard is we don’t want any.”
But in many cases, the specific practices and verification tests needed to minimize
risk from a given food-borne pathogen remain to be determined.

Another concept in need of definition is the “non-therapeutic” or “preven-
tive” use of antimicrobials, as several workshop participants observed. In a
forthcoming guidance statement, FDA defines as “medically important” those
antimicrobials that are targeted to specific pathogens and are demonstrated to
have prevented disease as having legitimate preventive use, Taylor explained;
once this guidance is released, FDA will establish practices based on this defini-
tion and informed by dialogue with industry. Similarly, FDA has compiled a list
of antimicrobials it considers to be “medically important,” but he noted that the
list needs to be revised and updated (FDA, 2010b, 2011b).

Research agenda The overarching challenge in improving food safety through
One Health is to bring interdisciplinary science to bear to implement interven-
tions of proven benefit, Taylor observed. That cannot be achieved without cutting
across organizational lines within FDA and among federal agencies, and forming
both interstate and international partnerships, as well as interdisciplinary col-
laborations, he concluded.

Significant scientific questions remain to be answered before the benefits
of many potential interventions to improve food safety can be evaluated, Taylor
noted. For example, standards for the use of raw manure on crops, and for the
microbial quality of irrigation water, cannot be set without detailed knowledge
of pathogen survival under various environmental conditions; FDA is engaged
with the USDA and other government agencies, with the food industry, and with
academic researchers to gain the understanding necessary to set evidence-based
standards, he said.

Methods development is another crucial area of food safety research, Taylor
continued. The increasing role of verification testing among food processors and
purveyors, and the enhanced role of microbial testing as performed by FDA, is
driving demand for fast and reliable diagnostic methods, he said. While there
is no FDA approval process for the use of testing technologies by the food indus-
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try, he claimed that there is less a need for formal guidance in this area than there
is for harmonization—and modernization—of testing methods used in all sectors.

Taylor noted that a key partner in the dissemination and implementation of
research and regulation to improve food safety is the USDA’s Cooperative Exten-
sion System.>? For example, he said, FDA has formed a produce safety alliance in
partnership with the USDA and the National Association of State Departments of
Agriculture with the goal of educating and guiding small growers and food pro-
ducers in best practices for food safety. The use of the Cooperative Service and
its array of educational and technical resources will be critical to implementing
the FSMA throughout the community of food growers, and particularly among
smaller operations, he observed.

USDA, One Health, and Food Safety Research Speaker Cathie Woteki directs
four agencies within the USDA that participate in food safety research: the Agri-
cultural Research Service, the Economic Research Service, the National Agri-
cultural Statistics Service, and the National Institute of Food and Agriculture, an
extramural agency that supports research and education programs and extension.
(Dr. Woteki’s contribution to the workshop summary report can be found in Ap-
pendix A, pages 362-368.) She noted that three additional USDA agencies have
food safety responsibility: the Animal and Plant Health Inspection Service, the
FSIS, and the Forest Service.

Woteki’s presentation focused on the importance of food safety research
and the USDA’s contribution to the field, which is increasingly aligned with One
Health. She characterized the USDA as an organization where expertise in ani-
mal health and science, human food safety and nutrition, wildlife ecology, plant
and crop science, and economics come together in one place: fertile ground for
establishing a One Health approach, which has evolved out of the department’s
efforts to plan for pandemic influenza. “This comprehensive approach is going
to improve global capabilities to detect, prevent, prepare for, and respond to
emerging diseases, pandemic threats, and other issues in the human, animal, and
ecosystem interface,” she stated. “By applying the One Health principles, it’s our
hope at USDA to encourage a synergy of ideas, reduce our program redundancy,
and apply this holistic approach ultimately to improving global health, whether
it’s human health, animal health, or the health of the environment.”

“Research is often a silent partner in food safety,” Woteki observed. She noted
that while outbreaks raise public consciousness about the importance of food
safety and outbreak investigation, research programs are crucial to the identifica-
tion of novel food-borne threats. At the USDA, she continued, ‘“we monitor the
food illness epidemiological data to identify emerging threats. We work closely

33 Bach U.S. state and territory has a state office of cooperative extension at its land-grant university
and a network of local or regional offices. These offices are staffed by one or more experts who
provide useful, practical, and research-based information to agricultural producers, small business
owners, and the general public (http://www.csrees.usda.gov/Extension/).
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with our research partners to develop tests and new intervention approaches that
work in a regulatory setting, as well as to develop intervention strategies to reduce
risk throughout the food chain.” Woteki highlighted several such contributions,
including the following:

» Agricultural Research Service research on high-priority national and inter-
national food-borne pathogens and contaminants, together with pathogen
sources and reservoirs, detection methods, and post-harvest processing.

* A collaborative effort between the USDA and the CDC to develop a
national swine influenza virus (SIV) surveillance pilot program to better
understand the epidemiology of SIV infections and to improve diag-
nostic tests, preventive management, and vaccines for swine and humans
(Sivapalasingam et al., 2003). This program was instrumental in imple-
menting surveillance during the 2009 HIN1 influenza pandemic, Woteki
noted.

» The funding of extramural research and education through the National
Institute of Food and Agriculture (NIFA), including a joint program with
FDA in 2009 to solicit research focused on integrating food system sig-
nals (e.g., clusters of illnesses reported by government authorities or prob-
lems identified through routine testing) with innovative technologies (e.g.,
geospatial analysis) to detect product contamination. NIFA also recently
awarded a very large integrated grant to facilitate research on norovirus
(see previous subsection titled “Food-Borne Viruses”), Woteki reported.

Two formidable challenges threaten the continued advancement of food safety
research in the United States, according to Woteki. First, limited public funding,
which tends to support basic and “public goods” research (as compared with
private-sector research, which favors product development), constrains not only
the improvement of food safety but also the overall productivity of the food system
(Heisey et al., 2011), she argued. Second, she noted that the production of agricul-
tural scientists in disciplines relevant to food safety has been flat for many years.
“There are, according to the private sector, very good jobs that are going vacant
because we’re not producing the well-trained scientists to fill them,” she said.

One Health in Practice:
Regulations, Research, and Industrial Applications

Several speakers attested to the influence of the One Health paradigm in
shaping regulations, research agendas, and industry practices to improve food
safety. Each of the presentations summarized below identified ways in which gov-
ernment agencies, food companies, and sectors of the food industry have looked
across the food chain to identify opportunities to minimize risk of food-borne
disease. However, as many workshop participants noted, most of this activity
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has occurred within industries and agencies, leaving vast untapped potential for
transdisciplinary, transagency, and trans-sectoral collaboration.

The Role of Industry

Globalization of the international food supply has brought an increasing
variety of foods to the global marketplace as well as reduced food costs; it has
also led to recent food-borne outbreaks covered by the media (see Box WO-3).
The trade-off has been an increased risk for food-borne illnesses (IOM, 2006),
as well as increased bureaucracy among the agencies responsible for monitoring
food safety and responding to outbreaks. Ensuring that all parts of the global
food supply system function properly is critical to keeping the food supply safe.

Ultimately, consumer safety is the responsibility of industry. Technological
advances have dramatically improved food safety; however, they do not neces-
sarily represent advancement in prevention. Risk management is complicated
not only by the numerous points where contamination may occur, but also by
the diversity of food supply chains. Food producers face multiple risks. Whether
microbiological or chemical in nature, these risks can be the result of poor
sanitation, contaminated water, purposeful adulteration of products for economic
gain (e.g., melamine in milk powder), non-adherence to best practices, or even
intentional contamination. Unlike the United Kingdom, Canada, and many other
countries, the United States uses a “risk-by-risk™ approach to food safety rather
than a comprehensive and unified preventive system (IOM, 2009).

The private sector, working synergistically with the public sector, must be able
to develop and establish food safety protocols even in the absence of a specific law
or regulation. A number of companies have recognized the value of going above
and beyond mandated regulations in order to bolster consumer confidence. The
cost of recalls and the damage that association with a food-borne outbreak can
do to an industry are strong incentives for private-sector regulatory compliance.

It is in every country’s best interest that regulatory agencies collaborate with
industry and incentivize improvements to food safety systems. Countries also
have their own “brand and reputation” to preserve. When countries are linked to
food-borne illness, it is extremely difficult to rebuild consumer confidence. By
collaborating, it is likely that industry compliance would increase, and regulatory
agencies would be able to decrease inspections. Increased collaboration would
also allow regulators to make better risk-management decisions (IOM, 2009).

Industry Response to Food-Borne Disease Risks:
Costco’s Approach to Food Safety

Food represents a significant proportion of sales by Costco Wholesale Cor-
poration, the third-largest retailer in the United States and the eighth-largest in
the world, according to speaker Craig Wilson, the company’s vice president and
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general merchandising manager of quality assurance and food safety. Costco has
a comprehensive program of microbial food testing, he said, that is guided by the
premise that prevention beats the alternatives.

Every food product sold by Costco must conform to microbiological Quality
Assurance/Quality Control (QA/QC) criteria, Wilson stated, including total aerobic
plate count and measures of coliform bacteria, E. coli species, EHECs, Salmonella,
and Listeria. Until each lot of a given food product passes these and other tests,
including X-ray analysis for metals and other solid contaminants, it is withheld
from distribution. This test-and-hold policy has reduced the number of recalls for
several products, including bagged ready-to-eat salads and meat, he observed.

Costco also investigates food safety practices at its food suppliers. For the
past decade, every supplier’s facility has been required to have a HACCP system
in place. In addition, Costco insists that suppliers prove that they know the ori-
gins of every ingredient they use. Why go to these lengths? “We want to ensure
that the processes are validated,” Wilson explained. “We want to document due
diligence . . . [and] to minimize recalls,” he continued. “We never want you to go
into a Costco and even think about food safety.”

While he agreed with Hueston’s earlier assessment that testing in and of
itself does not ensure food safety, Wilson stated that testing is an important way
to gauge process control by food suppliers, as well as to determine whether inter-
ventions taken to improve food safety are effective. “We do a lot of food safety
audits,” he said; these involve not only checking the microbial specifications of
the product, but also determining how well the suppliers themselves perform
these tests and keep their records, and how they perform in a mock recall of their
product. “We want to inspect what we expect,” he concluded.

Despite these measures, Costco has inevitably experienced recalls. Food
safety will never be absolute, Wilson said; however, the numbers of recalls can
be continually driven down. He noted a number of factors limiting improvement
in food safety, including the fact that a proven intervention, food irradiation,
has yet to gain public acceptance; nevertheless, he expressed certainty that “its
time is coming” (see further discussion of food irradiation in the subsection
entitled Industry’s Performance). Similarly, in an effort to address the issue of
antimicrobial resistance, Costco also offers—and expects to expand—a range
of antibiotic-free meat products.

Industry Perspective: Cargill’s Approach to Ensuring the Safety of the
Global Food System

Mike Robach, of Cargill Incorporated, offered the perspective of an
international food company with interests that span the entire food system.
(Mr. Robach’s contribution to the workshop summary report can be found in
Appendix A, pages 298-307.) The company’s 1,200 facilities in 66 countries are
united by a set of core operating principles, including prevention-based, third
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FIGURE WO-29 Global-to-local food safety systems.
SOURCE: Cargill; Robach (2011).

party—accredited food safety standards, which he described as “critical to our
success.” This approach integrates with a broad vision of partnership in manag-
ing food safety that incorporates international governance and standardization,
national governance, and business initiatives, depicted in Figure WO-29.

As discussed by Robach, the key elements of safety systems across the food
chain include

1. international governance, including the Codex Alimentarius (Codex; www.
codexalimentarius.net/web/index_en.jsp), the World Organisation for
Animal Health (www.oie.int/), International Plant Protection Convention
(www.ippc.int/), and the World Trade Organization (www.wto.org/);

2. country infrastructure (including laws, regulations, and their enforcement
at all levels of governance) founded on science-based standards;

3. guidelines and recommendations issued by the International Organization
for Standardization, which include voluntary standards and implementa-
tion procedures for food safety accreditation, audits, and management
systems; and

4. business initiatives, including the Global Food Safety Initiative, a multi-
stakeholder group that has developed guidance and benchmarks for food
safety systems based on Codex.
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According to Robach, Cargill’s food safety policy is based on the Codex
Alimentarius (often known simply as the Codex), a collection of international
food standards maintained since 1961 by a commission comprised of members
of the FAO and the WHO (Joint FAO/WHO Food Standards Programme, 2006).
Codex specifies a comprehensive program of food safety policies and procedures,
including management responsibility, resource management, hazard analysis,
traceability, and validation. Among the many programs Cargill has developed to
meet these standards, Robach described two illustrative examples: the manage-
ment of purchased materials and measures taken to prevent cross-contamination
of foods.

Cargill expects the more than 400 external manufacturers that produce prod-
ucts on the company’s behalf to meet the same food safety standards as its own
manufacturing plants, Robach stated. To evaluate the suitability and compliance of
external manufacturers, Cargill uses a risk assessment model that scores the risk
inherent to the materials being supplied, as well as the capability of the supplier
to manage that risk. The company carefully scrutinizes and works intensively with
the small percentage of suppliers judged to be high risk, he said.

Most Cargill facilities employ environmental monitoring in order to prevent
cross-contamination of foods, Robach reported; in facilities where contamination
with Salmonella and Listeria are deemed likeliest to occur, there are specific
control programs in place for those pathogens, he added. He noted that a deci-
sion tree, used in every facility to support accurate risk assessment, encourages
Cargill’s employees to think beyond the manufacturing process to the rest of the
food chain. “The more preventative measures we can have in place around the
world, the more assurance we’re going to have of an abundant, safe food supply,”
he stated. “It builds confidence in food safety, enhances global trade. It enhances
food security.”

In subsequent discussion, several participants took up the more difficult chal-
lenge of imposing food safety standards on small-scale suppliers in developing
countries, where, for example, shrimp might be raised in high concentrations of
antibiotics or toxic chemicals. In an attempt to avoid or ameliorate such problems,
Cargill partners with major customers who buy products from these markets to
build better capacity and educate growers and suppliers about food safety, Robach
said.

The One Health approach at Cargill hinges on global partnerships, Robach
observed. “We work closely not only with our supply chain and our competitors
in the industry, but also with our customers and with the regulatory agencies,”
he said, adding that the company also works closely and shares information with
the CDC. “Working with academia, consumer groups, government, and industry
is the path forward,” he continued. “We’ve got to work together.”

Nevertheless, Robach concluded, “business shoulders the responsibility for
safe food. I know a lot of times government thinks they have the responsibility.
They don’t. We do. It’s our product. It’s our brand. They’re our customers. We
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want to work together, and we want to work collaboratively. But at the end of the
day, we’re the ones who have the responsibility, and we accept that.”

Industry Perspective: Fresh Produce

Although most food-borne illness is in theory preventable, the especially
vulnerable fresh produce sector does not yet have the tools to eliminate such risk,
according to speaker David Gombas, of the United Fresh Produce Association.
An estimated 1 billion servings of fresh produce—a category that comprises more
than 300 different foods—are consumed in the United States each day, he noted.
These foods originate from more than 100,000 farms in the United States and
many times that number of foreign farms, he continued, with the largest opera-
tions contributing the majority of fresh produce sold.

The produce industry’s primary food safety tool is prevention, Gombas
stated. There is no “kill step” that effectively removes all pathogens from produce
while preserving its “fresh” status. “While we are very good at getting rid of 90
to 99 percent of the contamination that could be on fresh produce, there is always
going to be some residual number of organisms that are able to hide away,” he
said. “Therefore, we strive at every point in the supply chain to prevent contami-
nation from occurring, and we’re not always successful.”

When prevention fails and a produce-associated outbreak of food-borne dis-
ease occurs, it is frequently difficult to discern its cause—and therefore to avoid
a recurrence, Gombas observed. For example, he noted, all Listeria cases so far
have been linked to processing, yet the pathogen’s primary habitat is in the field.
He also questioned as speculative the interpretation of recent investigations of
salmonellosis linked to hot peppers and papayas and of E.coli O157:H7 linked
to strawberries, and in particular that of the 2006 outbreak of E. coli O157:H7
linked to bagged spinach, which had previously been described by King, Tauxe,
and Doyle. “At the end of the day we really don’t know what happened in this
incident, and in many of the other incidents we don’t know what the vector was
either,” he concluded.

According to Gombas, the most likely sources and vectors of produce con-
tamination, as identified in FDA guidance (FDA, 1998) are

e water (in all its forms),

* workers,

» surface contact (e.g., equipment, containers, utensils),
» animals (domestic and wild),

* soil amendments,

 prior land use,

» adjacent land activities, and

* cross-contamination.
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These factors are well known and carefully considered by the produce indus-
try, he asserted. Improving on this general approach will require identifying the
actual risk factors at each stage of produce growing and processing. In particular,
he noted, risk factors for preharvest produce contamination—those associated
with water, animals, soil amendments, and land use—are not well understood.
He demonstrated this point with a lengthy series of unanswered questions about
the actual and comparative risks of various agricultural practices (Can manure be
safely composted? Can some crops be safely amended with manure? Which wild
animals pose the greatest risks as vectors of food-borne disease? What precau-
tions should be taken if animal droppings are found in a field?). Much is known
about risk factors for food-borne disease, he concluded, but very little is known
about what is actually safe.

Recognition of these risk factors has inspired an escalation in food safety
standards based on fear, rather than on science, which consume resources that
might be better spent to improve the overall healthfulness of food, Gombas sug-
gested. “You’ve got a limited number of dollars to spend on the quality control
and food safety of these fresh produce items,” he observed. “There are conse-
quences to the escalating food safety standards. There are also consequences on
conflicting [food safety] audit standards, conflicting training messages, industry
and consumer confusion.”

The answer to this dilemma is research to determine the actual risks associ-
ated with every step of food processing, Gombas argued. “We need the research
based on real-world conditions . . . [because] produce is grown in a completely
uncontrolled environment,” he said. “We need to be able to understand what those
environmental [risk] factors are and what influence they have on the survival
of the pathogen. We need to know what’s really happening, not what could be
made to happen [in the laboratory]. And it has to be solution-directed research.
We don’t need more basic research on potential pathogens, potential risk factors
because we’ve got plenty enough right now that we don’t have answers for.”

David Acheson, of Levitt Partners, LLC, agreed that specific measurements
of risk factors are necessary to improving food safety. For example, he noted, it
was once assumed that a person would need to consume approximately 1 million
Salmonella bacteria to become ill—until precise measurements were made, which
reduced the “dose” to only 25 organisms. “Funding agencies need to change their
metric and put the money where the tough questions are, and not on the easy lab
stuff,” he declared.

Fletcher responded by pointing out several factors that make field-based
research difficult. Detecting tiny amounts of naturally occurring pathogens in
the field—amounts that could nevertheless pose a health threat—is currently
impossible, she noted. Researchers are typically constrained (both legally and
financially) from inoculating virulent bacteria in the field, she added, and attenu-
ated strains may not accurately reflect pathogen behavior. “How can we do the
experiments in a way that is meaningful?” she asked.
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Forum member David Rizzo, of the University of California, Davis, wondered
who would fund and perform such field experiments. Applied work is not favored
by granting agencies, he observed, and field experiments tend to be performed by
agricultural extension agents, whose positions have been cut in the name of deficit
reduction. Gombas replied that his organization had advocated for a program to
fund such research jointly with industry as part of the 2008 Farm Bill, but that it
is only now beginning to live up to its promise. “With the 2012 Farm Bill coming
along very soon, we’re hoping to put some fixes in place that will get the money
to those individuals that can do the work that we need to have done,” he said.

Food Safety Trends: Implications and Possibilities for the Future

In a presentation titled “How Well Are Food Companies Addressing
Microbiological Safety Issues?” Acheson disputed the common perception—
based on increasing numbers of reported outbreaks and product recalls—that
food is becoming less and less safe. On the contrary, he insisted: recalls are good,
because they show that the food safety system is working.

That system has been strengthened by several recent improvements over the
past two decades, including the ability to link food with disease and to detect
lower levels of chemical adulterants, Acheson reported. In addition, greater fidel-
ity of epidemiology, aided by improvements in genetic testing, enable quicker and
more accurate outbreak investigations.

Nevertheless, the increasing importation of food presents obvious challenges
to maintaining a safe domestic food supply—a task rendered even more difficult
by shifting expectations among consumers, Acheson observed. Concerns regard-
ing the intentional adulteration of food, whether it is done for profit or as an act
of terrorism, are well-founded, he acknowledged. However, he observed, those
worries often accompany the unrealistic expectation that all foods available to
Americans will be unfailingly safe; when outbreaks inevitably occur, consumers
blame food producers, causing damage to their businesses and brands. He also
noted that American consumers increasingly want to buy local and unprocessed
food, free of chemical pesticides and fertilizers.

The news media profoundly influences how the U.S. consumer views food
safety and offers unmatched potential to educate the public about food-borne
illness, Acheson said. Unfortunately, he added, both the corporate news media
and social media outlets respond rapidly (and sometimes hastily) to food-borne
disease events and are vulnerable to bias, selective reporting, and a tendency to
seek blame.

In an attempt to answer the question he posed in his presentation’s title,
Acheson reviewed trends in annual numbers of food recalls and Warning Letters®*

34 When it is consistent with the public protection responsibilities of the agency and depending on
the nature of the violation, it is FDA’s practice to give individuals and firms an opportunity to take
voluntary and prompt corrective action before it initiates an enforcement action. Warning Letters are
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issued by FDA, as well as in rates of laboratory-confirmed infections with impor-
tant microbial pathogens. There was a “massive” increase in FDA-reported recalls
of contaminated foods in 2009-2010—many of them due to Salmonella—and the
same trend is likely for 2011, he reported. However, he contended, most recalls
are triggered by testing and process control analysis by the food industry detects
contaminants, and thus before outbreaks occur. Similarly, in 2010 the number of
warning letters issued by FDA nearly doubled as compared with previous years,
he said; he believes this reflects both increased enforcement and vigilance by
that agency, as well as a lower bar for issuing such letters. Finally, many micro-
bial pathogens (Vibrio spp. and Salmonella excepted) have been associated with
decreasing numbers of food-borne outbreaks in the United States over the past
15 years—despite increased capacity to detect and investigate food-borne ill-
ness, and an increasingly vulnerable population (due to aging and compromised
immunity). All three trends suggest that the food industry is doing a good job of
controlling food-borne pathogens, he concluded.

Industry leaders are pursuing a range of strategies to continue to improve
food safety, Acheson said; these measures include better tracking of the materials
they use and the products they sell, and the use of process controls such as good
manufacturing practices, judicious testing, and system monitoring. Unfortunately,
he noted, these advancements are not yet feasible for many smaller companies that,
collectively, play a significant role in the U.S. food supply. Further improvement
in the overall safety of the U.S. food supply is also limited by consumer aversion
to technological solutions such as irradiation, he observed; conference participants
pointed out additional drawbacks to food irradiation, including cost (in the case
of leafy greens, according to Gombas) and aesthetics (in the case of ground beef,
which—according to Robach—has been said to [smell] like a wet dog).

Strategic Partnership with Industry

Although the ability to link food with disease continues to increase, capacity
to respond to such information remains limited, King observed, leading him to
wonder whether industry could help bridge this widening gap by leading adoption
of the One Health paradigm. Robach provided an example of such leadership: a
recent voluntary recall of ground turkey, prompted by Cargill’s discovery that its
product was contaminated with Salmonella. “It was through a series of pieces of

issued to achieve voluntary compliance and to establish prior notice. The use of Warning Letters and
the prior notice policy are based on the expectation that most individuals and firms will voluntarily
comply with the law. The agency position is that Warning Letters are issued only for violations of
regulatory significance. Significant violations are those violations that may lead to enforcement ac-
tion if not promptly and adequately corrected. A Warning Letter is the agency’s principal means of
achieving prompt voluntary compliance with the Federal Food, Drug, and Cosmetic Act (the Act).
For more information please see FDA, Regulatory Procedures Manual 4-1; Warning Letters. http://
www.fda.gov/ICECI/ComplianceManuals/RegulatoryProceduresManual/ucm176870.htm (accessed
April 5, 2012).
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information that we collected rather serendipitously from different sources com-
bined with information that we had internally that led us to the conclusion that
our product was likely associated with some illnesses that were being reported,”
he said; Cargill initiated the recall without prompting from the USDA.

This incident illustrates the need for better and clearer lines of communica-
tion between the public health community and industry, Robach observed. For
example, he said, combining the CDC’s preliminary epidemiological information
with industry’s knowledge of supply chains could reveal potential sources or
vectors associated with food-borne disease clusters early in their investigation.
He stressed that two-way communication—now a relative rarity—is essential to
such strategic partnerships.

“There’s a tendency from the regulator side to want it all wrapped up in a
nice little bow, and then take it to the food industry and say, ‘We’ve got you,””
Acheson observed. “That’s not the way forward because we all know from our
experiences in the public sector that taking these disparate facts and connecting
the dots takes a lot of footwork and . . . dollars.” Instead, he encouraged regula-
tors to establish a trust-based relationship with industry in order to collaborate in
solving food-borne disease problems.

Gombas’ long list of unanswered research questions toward defining “what
is safe?” for produce reminded Tauxe of similar questions posed by ground beef
producers following the previously described 1993 outbreak of E. coli O157:H7
(see the earlier section Food-Borne Disease Trends in the United States). At that
time, key safety questions were addressed by business leaders, who set aside com-
petition to develop practices that could benefit the industry as a whole, he recalled.
“Theirs was actually a very practical approach, not an enormous, high-level
research approach,” he observed. Nevertheless, he added, their efforts produced a
substantial reduction in E. coli O157:H7 infections without devastating the ground
beef industry. Could the produce industry adopt that model, Tauxe wondered?

Such efforts are under way, Gombas said; they include partnering with FDA
to develop guidance statements for produce growing and processing, along with
programs to support grower adoption of recommended practices. “The industry
has gotten together in many of these cases and has established what the risk fac-
tors are and what are the best mitigations we know today,” he concluded.

The Future of One Health

As the workshop drew to a close, King presented a summary of strategic ac-
tions identified by individual workshop participants that could advance the cause
of improving food safety with One Health beyond mere awareness of its promise,
and into action. These steps include the following:

» presenting a sufficiently compelling case for the One Health paradigm that
is expressed in training and education programs;
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» conducting outcomes research to demonstrate the economic advantages
of One Health;

» embracing One Health as an opportunity for organizational change,
directed toward cross-disciplinary education and collaboration; and

» designing research prototypes for proof-of-concept validation of One
Health principles as applied to food safety in the developing world, and
also to public—private partnerships between government and the food
industry.

Finally, King emphasized the importance of a unified effort to advance the
One Health paradigm. As the breadth of workshop presentations demonstrated,
many stakeholders in the global food system have recognized the promise of
One Health and are exploring its strategic adaptation; however, he continued,
these activities are largely independent of and isolated from each other. “There’s
already a concern that these different pieces of One Health are already competing
and going their different ways,” he observed, and, in so doing, undermining One
Health principles of cooperation and collaboration. “Somehow before we get too
far along there needs to be a unification of these efforts, and to rethink this in a
way that will be effective and worthwhile,” he concluded.

As discussed earlier in this chapter, prevention is the chief means for achiev-
ing food safety, but preventing food-borne outbreaks will require a much broader
approach than currently exists (Karesh et al., 2005). A risk-based food safety
approach is the underpinning of a strong food safety system that is able to pri-
oritize risks and allocate limited resources where they will be the most effective.
Moving away from many of the current practices to a system that allows agencies,
the private sector, and other third parties to share responsibility for maintaining a
safe food supply will help to eliminate regulatory gaps as well as reduce resource
burden (IOM, 2010b; Stewart and Gostin, 2011).

A key component of prevention will be the ability to use data to anticipate
where outbreaks are likely to occur. Shifting to a proactive food safety approach
will require governments to implement research-based interventions through reg-
ulation and education that will produce the greatest reduction in disease burden
at the lowest cost. Such transformations will require a substantial “sea change” in
philosophy—moving away from a top-down approach to public health and toward
cooperative, interdisciplinary strategies for disease prevention; this is the essence
of the One Health principles.
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Al

EHEC 0104:H4 IN GERMANY 2011: LARGE OUTBREAK
OF BLOODY DIARRHEA AND HAEMOLYTIC
URAEMIC SYNDROME BY SHIGA TOXIN-PRODUCING
E. COLI VIA CONTAMINATED FOOD

Reinhard Burger'?

In the summer of 2011 Germany experienced one of the largest outbreaks of
a food-borne infection caused by enterohaemorrhagic Escherichia coli (EHEC)
with the serotype O104:H4. A large number of cases with bloody diarrhea and
haemolytic uraemic syndrome (HUS) occurred. Never before was such a high
rate of HUS cases observed in an outbreak caused by a food-borne pathogen.
The events in Germany caused by EHEC O104:H4 in the summer of 2011 show
dramatically how rapidly an infectious agent is able to develop into a major health
threat for a whole country. The outbreak caused widespread concern among the
population, turning soon into fear. People expecting safe and healthy food felt
threatened. It changed the eating habits of the majority of the population, and it
had enormous economic consequences, particularly for farmers producing salad
ingredients. It resulted in a large number of seriously ill patients and in a sub-
stantial number of deaths. The burden of disease and the economic consequences

! For the HUS investigation team of the Robert Koch Institute.
2 Robert Koch Institute, Nordufer 20, 13353 Berlin, Germany (BurgerR@rki.de).
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have made it a tragedy for many. It is important to analyse this outbreak scientifi-
cally in order to learn from this unique event and to be prepared for comparable
infections in the future. In particular, all the steps regarding detection of cases,
diagnostic procedures, identification of vehicle and origin, and infection control
measures, all the way to therapy, should be reflected carefully. Usually, even ex-
perienced physicians encounter only a few cases of EHEC-induced HUS in adults
in their whole career. Therefore, the large number of cases in Germany represents
a valuable source of information for future epidemics.

This manuscript summarises the work of the HUS investigation team of
the Robert Koch Institute (RKI) and gives an overview of the work done by the
colleagues in the Department of Infectious Disease Epidemiology at the RKI
(G. Krause, C. Frank, D. Werber, K. Stark, and U. Buchholz), the Department for
Infectious Diseases (M. Mielke and A. Fruth), and the RKI-Consultant Labora-
tory for HUS/EHEC at the University of Miinster (H. Karch). Many additional
colleagues were involved.

Epidemic Profile and Development of the Outbreak

The extent of the outbreak becomes apparent by comparison with the aver-
age annual numbers of EHEC cases or HUS in Germany. In previous years about
1,000 patients per year were identified, with a median age of about 5 years. Of
these patients about 70 per year developed HUS, with a median age of about
2 years (Frank et al., 2011a). In the outbreak from May to September 2011, ap-
proximately 3,000 EHEC cases were observed with a median age of 46 years,
58 percent of those patients were female, and 18 deaths were observed among the
EHEC patients (0.6 percent). An additional 855 EHEC patients who developed
HUS were identified (Frank et al., 2011b). This represents more than 20 percent
of the total number of patients (3,842). The large majority of these patients were
adults, the average age was 42 years, 68 percent of the HUS cases were female,
and 35 deaths were observed among the HUS patients (4.1 percent). The total
death toll was 53 patients (Figure Al-1).

Analysis of the incidence of HUS by the likely county of infection re-
vealed that northern Germany was mainly affected. The same is true for cases
with travel history; also for these patients the county of residence at the time
of infection was northern Germany. Most cases were observed in the states of
Schleswig-Holstein, Mecklenburg-Western Pomerania, Hamburg, Bremen, and
Lower Saxony. Later in the epidemic, cases were found in all of the 16 German
states. The incidence in the five northern German states varied from 1.8 to
10 cases per 100,000 persons. All other states had incidence rates with less than
1 case per 100,000 persons (Frank et al., 2011b; Wadl et al., 2011).

A substantial number of EHEC or HUS cases occurred also internationally
during this time, particularly in the European Union, but also a few cases in the
United States and Canada. Particularly affected was Sweden with 35 EHEC
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Outbreak N Age % Female Deaths
cases (median)

e e B e e |

EHEC 2.987| |46 years 58% 18 (0,6%)

HUS 855 42 years 68% 35 (4,1%)

>20% ISD% adults! > 9
Total 3.842 53

Comparison with previous years

EHEC: ~1,000 illnesses/ year median age: 5 years

HUS: 65 illnesses/ year median age: 2 years
ROEERT KOCH INSTITUT

L x
FIGURE A1-1 Total number of EHEC and HUS cases and associated deaths during the

outbreak of EHEC O104:H4 in summer 2011 in Germany and comparison to an average
year.

and 18 HUS cases including one fatality, Denmark with 15 EHEC and 10 HUS
cases, and France with 10 EHEC and 8 HUS cases. Single cases were found
in 12 additional European countries. In the United States 2 EHEC and 4 HUS
cases were identified with one fatality, and Canada had a single EHEC case. An
epidemiological analysis revealed that—with two exceptions—all cases in this
outbreak of EHEC or HUS found internationally were directly or indirectly as-
sociated with a visit to Germany during the weeks of the outbreak. Most of these
patients visited northern Germany for a shorter or longer period of time during
the peak of the outbreak.

The RKI was notified about the outbreak by a phone call from the local
health authority of the state of Hamburg on May 19, 2011. Immediately (i.e., the
next day), the RKI sent a substantial team of experts to Hamburg in support of
the local colleagues. The subsequent epidemiological analysis revealed in retro-
spect that the outbreak had in fact started at the beginning of May and reached
the peak of cases on May 22, 2011 (Figure A1-2). Thus, there was an obvious
and substantial notification delay (Altmann et al., 2011). Up to the moment of
notifying the RKI, a large proportion of the infections had already occurred. After
May 22 both the reported number of EHEC gastroenteritis and the number of
HUS cases decreased (Wadl et al., 2011).

The team of epidemiological specialists sent to Hamburg started right away
with initial explorative interviews. The team size was enlarged in the next days

Copyright © National Academy of Sciences. All rights reserved.



Improving Food Safety Through a One Health Approach: Workshop Summary

118 IMPROVING FOOD SAFETY THROUGH A ONE HEALTH APPROACH

Evidence for sprouts as the
only risk factor
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FIGURE A1-2 Epidemiological curve of EHEC (gray) and HUS cases (dark) and over-
view of epidemiological studies performed by the Robert Koch Institute for identification
of sprouts as the vehicle of transmission.

SOURCE: Robert Koch Institute.

(up to 15 members), and a substantial number of case-control studies, additional
explorative interviews, and cohort studies were started. As early as May 21 (i.e.,
2 days after the RKI was notified), the first qualitative evidence for the role of
vegetables was obtained. Raw milk products or products from raw meat, which
frequently represent a source of infections with EHEC, had already been ruled out
as the origin of infection in this outbreak. On May 22 the corresponding infor-
mation was submitted to the European Early Warning and Response System and
to the World Health Organization. Local public health authorities were warned,
and initial interviews were given to the German press. During the next few days,
information was provided on the website and in a series of press conferences and
interviews. On May 25 (i.e., 5 days after the outbreak), the pathogen was identi-
fied from patient samples as EHEC O104:H4 by the RKI-Consulting Laboratory
for HUS in Miinster and the National Reference Centre laboratory for bacterial
enteric pathogens at the RKI (Buchholz et al., 2011).

After a number of telephone conferences, the RKI together with the Federal
Institute for Risk Assessment and the Federal Office of Consumer Protection
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and Food Safety conducted a press conference advising on food consumption.
Advice was given not to consume raw tomatoes, cucumbers, and salad in northern
Germany. This recommendation was based on the increased risk of illness after
consumption of these raw salads in northern Germany. Unfortunately, the majority
of the press reported this advice as warning against salad from northern Germany.

Once the magnitude of the outbreak became apparent, the RKI immediately
established a website providing all details about the infectious agent, updated as
they developed, both for the medical specialists and microbiological laboratories
in Germany and abroad and for the general public. Data sheets on the infectious
agent and frequently asked questions, sometimes updated several times a day,
proved to be an important source of information.

After mid-June 2011 only single cases of HUS occurred. On July 26 the
RKI declared in a press conference the end of the outbreak because no new cases
clearly associated with the outbreak had been reported for 3 consecutive weeks
since the last newly reported illness on July 4.

Identification of the Infection Vehicle

In addition to the explorative interviews and case-control studies, cohort
studies in disease clusters proved to be particularly helpful. Beginning on June 1,
more than 30 cohorts were investigated in order to identify the vehicle of infec-
tions and to identify further cases. Particularly useful were cohort studies of
travel groups that included international visitors or tourist groups from abroad.
Here a close cooperation with foreign health authorities was instrumental. For
a number of travel groups the length of stay, the particular location, and food
consumption could be reconstructed in detail. Also, cluster analysis of patients
associated with food consumption in different restaurant-associated outbreaks
provided information. An analysis of billing data of guests at an affected canteen
provided further data. In these studies a detailed investigation was performed
using ordering information and additional details documenting the consumption
as revealed by the corresponding bills. The most substantial evidence regarding
the vehicle of infection was obtained by a so-called recipe-based restaurant cohort
study (Buchholz et al., 2011).

Sprouts as the Responsible Vehicle of Infection

In the course of the epidemiological analysis it became obvious that patient
memory is not a reliable source of information. This proved to be particularly
true because in these EHEC/HUS patients not only symptoms of gastrointestinal
infection and impaired kidney function were observed but also major neurological
symptoms, preventing reliable interviews. Therefore, the recipe-based restaurant
cohort study was designed to obtain information independent of a functioning
patient memory (Figure A1-3).
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Table 3, Relative Risk of Infection Associated with Sprouts and Other Raw Food ltems in Univariable Analysis.
Subjects Cases among Subjects Cases among
Exposed Subjects Not Exposed Subjects
Total Subjects (Percent Exposed (Percent Not Exposed Relative Risk
Food Item Evaluated of Cohort) |Attack Rate) of Cohort) (Attack Rate) {95% C1) P Value
na, na. (%)
|Sp.-ouls 152 115 (76) | 31(27) | 7 (24) | 0 | 14,23 (1.55-=) 0.001 |
Tomatoes 152 50 (33 14 (28) 102 (67) 17{17) 168 (0.77-162) 018
Cucumbers 152 50 (33) 14 (28) 102 (67) 17 (17) 168 (0.77-362) 018
Chinese cabbage 152 45 (30) 13 (29) 107 (70 18(17) L3y o
Radicchio 152 45 (30) 13 (29) 107 (70) 18(17) L0737 o
Lettuce 152 45 (30) 13 (29) 107 (70) 18 (17) L2y ol
Source: Buchholz U, Bernard H, Werber D, et al. outbreak of ichia coli

0104:H4 associated with sprouts. N Engl J Med 2011. DOI: 10.1056/MEJMoa1108482.
- ROBERT KOCH INSTITUT
[ z
FIGURE A1-3 Recipe-based restaurant cohort study of the Robert Koch Institute reveals

risk for infection associated with the consumption of sprouts.
SOURCE: Taken from Buchholz et al., NEJM, 365, 1763 (2011).

Ten cohorts with a total of 168 guests of a given restaurant in the city of
Liibeck in Schleswig-Holstein were identified. All persons had dinner at the same
restaurant between May 12 and 16. Eighteen percent of the guests consuming
food at this restaurant showed bloody diarrhea or EHEC/HUS within 14 days
(31 persons). All persons were questioned about which meals they ordered, using
photos of the dishes as a reminder. Booking details and billing documents were
utilized. Using these consumption data from the individual guests, the chef of the
restaurant was interviewed about the detailed ingredients of each dish ordered by
the guests. This included not only the major ingredients of each dish itself but
also elements used for decoration of the dish or of the salad served separately.
This approach provided reliable information about which food ingredients each
guest had actually ordered and eaten. This interview technique and analysis had
the major advantage that it was no longer necessary to depend on the memory of
the guests to find out what they had eaten. Additional verification was obtained
through photos taken at the table by a number of groups. These photos confirmed
the details given for the nature of the ordered dish and its contents.

In univariate analysis the relative risk of disease was 14.2 times higher for
persons eating sprouts compared to that of persons not eating sprouts (Buchholz
etal., 2011). All 31 patients with EHEC/HUS had consumed sprouts. None of the
guests who did not consume sprouts became ill. Based on these cohort studies, in
a joint press conference of the RKI with the food safety authorities on June 10 the
public announcement was made that sprouts were the vehicle of infection. The
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earlier warning against the consumption of salad was now focused on a warning
against consumption of the salad ingredient sprouts.

Origin of Bacterial Contamination of the Sprouts

The more than 40 clusters within this outbreak were analyzed for a common
denominator. The federal authorities responsible for food safety in Germany (the
Federal Institute for Risk Assessment and the Federal Office of Consumer Protec-
tion and Food Safety) performed an intensive forward-backward tracing of the
food supply chain of the various cluster locations (Figure A1-4). Through one or
several distributors and intermediates, all clusters turned out to be connected to
a specific food enterprise producing sprouts commercially. All infections within
this outbreak in the state of Lower Saxony had in common that originally the
supply of sprouts came from this single food enterprise.

Two clusters of infection independent of the outbreak in Lower Saxony pro-
vided information on the origin of the sprout contamination (Appel et al., 2011).
Both clusters had definitely no connection to the sprout producer in Lower Saxony.
One cluster consisted of so-called self-sprouters (i.e., consumers who grow their

Forward-/Backward-Tracing Strategy:

Links of clusters to distribution from one single farm
Fed. Inst. far Risk Asseszment | Food Safety ), July 5, 2011

HORRET EDCH INSTITUY
A
FIGURE A1-4 Trading network reveals linkage of 41 identified outbreak clusters. Supply

chain of contaminated sprouts leads to one single sprout producer farm in Lower Saxony.
SOURCE: Modified from Buchholz et al., NEJM, 365, 1763 (2011).
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own sprouts at home from seeds provided by commercial suppliers). The second
source of information was a small outbreak comprising 15 cases in the area of
Bordeaux in France in mid-June. Detailed and labor-intensive tracing of the deliv-
ery channels revealed that the only common feature of the seeds used for growing
sprouts in the food enterprises in Lower Saxony, in Bordeaux, and in the private
households with the home-grown sprouts was a given lot of fenugreek seeds origi-
nating from Egypt. Fenugreek seeds (Trigonella foenum-graecum) are frequently
used for the production of sprouts. The seeds are also used in many other food
products (e.g., spices, cheese, and even tea) because of their very aromatic taste
and intensive smell. The seeds are small (4-5 mm) and have a peanut-like colour.

Through a number of intermediates located in different countries this seed lot
had been delivered to these three outbreak locations. No other common ingredient
used for the production of sprouts was identified. This was clear evidence that
contaminated seeds used for sprout growing were responsible for the outbreak
(Appel et al., 2011). By nature, the epidemiological evidence is indirect or cir-
cumstantial but it explained the distribution of infections. The corresponding lot
of fenugreek seeds was removed from the market. It is difficult to verify how
complete this removal was.

“Stealth Food”

When the affected patients were interviewed initially during the first weeks
of the outbreak, it became obvious that people do not remember in detail what
they ate 1 or 2 weeks ago. Only in retrospect, after the second or third interview
together with reports in the press, did they realize and remember that their dishes
had in fact contained sprouts. Similar phenomena had been observed internation-
ally in other outbreaks. In 2008, jalapeno chili peppers were contaminated with
Salmonella Saintpaul in the United States. Chili peppers are used as an ingredient
in tomato sauce-like salsa. The consumers were not aware that one of the spicy
ingredients was chili peppers and, when interviewed, denied consumption of this
food item, thereby delaying the identification of the vehicle. The identification
of sprouts as a source in Germany within less than 3 weeks was quite rapid. The
identification of the chili peppers took about 7 weeks. In another outbreak in
1996 with radish sprouts causing an outbreak of EHEC O157 in Japan, 7 weeks
were required for the detection of the outbreak and 4 weeks to identify its source.

Microbiological Characterization of EHEC 0104:H4

Once the outbreak had been recognized, EHEC O104:H4 was rapidly iso-
lated from stool specimens of affected patients within a few days (Figure A1-5)
(Askar et al., 2011, Bielaszewska et al., 2011). This is a rare serotype that had
not been described previously in animals. As a rule, faecal contamination by
ruminants is responsible for EHEC infections through vegetables or through
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Microbiological characterisation of
EHEC 0104:H4

ROBERT KOCH INSTITUT

FIGURE A1-5 Electron micrograph of EHEC O104:H4.
SOURCE: Laue, Robert Koch Institute.

food products derived from animals (milk, meat). The usual EHEC strains (e.g.,
EHEC O157) are found in faeces of ruminants. EHEC O104:H4 has only rarely
been identified previously in human beings (in a total of seven patients). A closely
related EHEC strain, HUSECO041, was identified in 2001 by the laboratory of
Karch at the University of Miinster, Germany. Later, a few cases were identified
in Korea in 2006, in Georgia in 2009, and in Finland in 2010.

A detailed microbiological characterization of EHEC O104:H4 was performed
at the National Reference Centre for Gastrointestinal Bacteria at the RKI and the
RKI-Consultant Laboratory of Karch in Miinster (Bielaszewska et al., 2011;
Brzuskiewicz et al., 2011). From the virulence markers, the outbreak strain was
negative for Shiga toxin 1 and positive for Shiga toxin 2 (variant vtx2a of Shiga
toxin 2). It was negative for Intimin (eae) and also negative for enterohaemolysin
(hly). Macrorestriction analysis (pulsed-field gel electrophoresis) with a number
of selected isolates obtained from various areas of Germany showed the same
pattern, indicating early that the corresponding patients were all affected by one
and the same outbreak event.
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Surprisingly, the outbreak strain showed virulence characteristics of entero-
aggregative E. coli (EAEC). It had the typical EAEC virulence plasmid with
adhesion fimbriae type AAF/I. This virulence plasmid has not been described pre-
viously in EHEC isolates. All other previously identified EAEC or Shiga toxin—
producing E. coli (STEC)/EAEC O104:H4 had AAF/III fimbriae. Subsequent
sequencing revealed strong homology to an enteroaggregative E. coli (EAEC
55989). Obviously, the outbreak strain EHEC O104:H4 represents a virulence
combination of two different pathogens. The origin of this outbreak strain with
the characteristics of two different pathogens remains unclear for the time being.
It is unclear whether the new EHEC O104:H4 pathotype had developed from two
separate ancestors by horizontal gene transfer, leading to the observed acquisi-
tion of virulence factors (Figure A1-6) (Brzuskiewicz et al., 2011; Mellmann et
al., 2011; Rasko et al., 2011). A number of mobile genetic elements can transfer
traits in E. coli like the Stx-bacteriophage found in EHEC strains. Alternatively,
an evolutionary model is discussed, postulating a common progenitor of EAEC

Proposed scheme of the origin of the new
E.coli pathotype
EHEC

EAEC

[ AAF @ =
O astA | Resistance

— plasmid

el

plasmid
Resistance plasmid
. _ TEM-1
AF CTX-M
= " = TEM-1
CTX-M
EAHEC

{ Brzuszkiewicz, E et al, Arch. Microbiol,, Doi 10.1007, June 2011 )

FIGURE A1-6 Putative origin of the EHEC outbreak strain as a combination of virulence
traits derived from two different ancestors.
SOURCE: Brzuszkiewicz et al. (2011).
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55989 and EHEC O104:HS5 developing into two lines, each losing or acquiring
virulence factors. The second explanation is favoured by the group from Karch,
University of Miinster.

The continuously updated EHEC datasheet on the RKI website summa-
rized all known characteristics of the pathogen and suggested the proper micro-
biological diagnostic procedures.

ESBL Resistance Phenotype

The microbiological characterization revealed a resistance unusual for intes-
tinal E. coli. The outbreak strain had an extended-spectrum -lactamase (ESBL).
This is an unusual property of intestinal E. coli. This resistance phenotype
allowed efficient diagnostics of the outbreak strain. It permitted the use of the
corresponding selective media for a targeted search in clinical samples, facilitat-
ing a rapid diagnosis. Colonies on an ESBL-agar plate were further characterized
with multiplex polymerase chain reaction screening for genes of Shiga toxin 1
and 2 and Intimin.

Absence of Direct Microbiological Evidence for Contamination of Seeds with
EHEC 0104:H4

The identification of seeds as the source and sprouts as the vehicle of infec-
tion relied on sophisticated and elegant epidemiological analysis (i.e., indirect
evidence). Direct microbiological evidence has not been obtained so far (Aurass
et al., 2011). Intensive bacteriological screening of the fenugreek sprouts and
seeds was performed. A large number of samples were also taken at the produc-
tion site of the sprouts, including the water supply or waste water. All attempts to
identify the outbreak strain on seeds or sprouts or in the samples obtained at the
production site failed. Sampling sprouts in households with EHEC cases was suc-
cessful in one or two cases. However, these results were more than questionable.
One positive result was obtained from a single box of sprouts originating from
the incriminated producer. However, it had already been opened in a household
with EHEC cases and might simply have been contaminated by the handling. In
another example the outbreak strain was identified in salad samples found in a
trashcan days after disposal. Also here, the causal connection is unclear.

One reason for the failure to identify the outbreak strain through bacterio-
logical screening may be the enormous size of the incriminated fenugreek seed
lot. The lot size was around 15,000 kg. If only a minor part of this lot had indeed
been contaminated, searching for contaminated seeds would resemble the search
for a needle in a haystack. In addition, on the same day, the sprout-producing
enterprise received another lot of seeds from the same seed distributor. The
incriminated lot had been distributed to 70 different companies, 54 of them in
Germany and 16 of them in 11 European countries (Appel et al., 2011). How-
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ever, despite the two additional independent clusters (home-grown sprouts and
the cluster in France; see above), no obvious other outbreaks were recognized.
Despite all efforts to remove the incriminated lot from the supply chain, it is dif-
ficult to estimate how effective and complete this removal has been. Especially
in private households, growing sprouts from small aliquots of seeds could lead
to new infections. It is known that E. coli can survive on dried seeds for longer
periods of time, potentially for years.

Incubation Time and Shedding Time

Detailed analysis revealed a median incubation time of 8 days. The maxi-
mum was 18 days. Seventy-five percent of the patients developed clinical symp-
toms after 10 days. Some of the patients showed a shedding of the pathogen for an
extensive period. A few patients shed the pathogens for up to 8 months. It remains
to be determined whether shedding might even be longer and whether a carrier
status may develop. For enteroaggregative E. coli this extensive shedding period
is not unexpected. It is known that aggregative bacteria adhere more strongly
and remain in the gastrointestinal tract for longer periods of time. A close col-
laboration with the local health authorities proved to be important in the analysis
of this outbreak (e.g., for these shedding studies) (Robert Koch Institute, 2011).

Secondary Infections

Even after the end of the outbreak had been announced, recommendations
were made to enforce the standard hygiene rules, regarding both personal and
hand hygiene and in particular kitchen and food hygiene. This included the
recommendation to always clean kitchen utensils carefully when preparing food
intended for raw consumption. A small number of secondary infections were ob-
served, predominantly consisting of household members of patients. Therefore,
stringent adherence to hygienic practices was strongly suggested in those house-
holds where EHEC patients or persons with diarrhea were present.

Single nosocomial infections occurred in hospitals (coloscopy). Transmis-
sion also occurred through the preparation or distribution of food. Also several
laboratory infections were found. Therefore, raised awareness of the risk of infec-
tion was also emphasized in public announcements during the months after the
official end of the outbreak.

Communication

The RKI made great efforts to inform the medical experts and the public
health service and the professional societies (clinical and microbiological) about
details of the outbreak in a very timely fashion. During the outbreak, at least daily
updates were distributed by e-mail. The Internet proved to be the most important
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tool for distribution of information. Usually visits to the RKI homepage result in
4 to 6 million page uses per month. During the outbreak months, May and June
2011, the numbers increased to 16.5 and 17.9 million, respectively. The infor-
mation provided also included outbreak case definition, forms concerned with
sample reporting, diagnostic procedures, information on hygienic measures, etc.

When a whole country is concerned about the safety of its food, the risk
communication is important. It proved be helpful to clearly and reliably state
the current knowledge and the known risks and their prevention. Also lack of
knowledge or uncertainty should be stated clearly, as well as the point in time
when new information might be expected. This is important in order to maintain
public confidence in recommendations. Farmers requested information because a
substantial number of farms suffered economically and were in danger of going
out of business.

Conclusion

This outbreak of EHEC infections was the largest recorded outbreak of a
bacterial infection observed in Germany in many decades. The enormous rate
of HUS cases makes it the largest outbreak of HUS worldwide. It revealed how
rapidly a food-borne pathogen can spread and cause serious illness and death.
It demonstrates the importance of proper surveillance systems in order to detect
an outbreak early and of a rapid reporting system in notifying the corresponding
health authorities, in this case the RKI in Germany. According to the specifica-
tions of the German Infection Protection Act, a rapid report by the physician or
the diagnostic laboratory to the local health authorities is required. In retrospect,
between the onset of the disease, the visit to the doctor or hospital, diagnosis,
and the report to the local health authority and subsequently to the state authori-
ties and finally to the RKI, a substantial period of time passed, varying from a
few days up to several weeks. Measures were taken to improve reporting and to
prevent the notification delay. In the analysis of outbreak clusters a close coop-
eration of health authorities and food safety authorities and a rapid exchange of
information is necessary.

The origin of the outbreak strain and how the seeds were contaminated
remain unclear. It also remains to be determined whether EHEC O104:H4 will
have a reservoir, in human beings, in animals, or in the environment. There is no
evidence today that EHEC O104:H4 has become endemic anywhere in humans,
animals, or in the environment in Germany. After the sprouts had been identi-
fied as the vehicle of this outbreak and after the sprout distribution ended, no
further outbreak clusters were identified to be associated with the consumption
of sprouts. It is unclear how frequently EHEC is present on sprouts, which are
often consumed raw and represent a particularly vulnerable food for bacterial
contamination. A rapid and sensitive EHEC diagnostic should also be available
in routine diagnostic laboratories in order to identify outbreak events early and

Copyright © National Academy of Sciences. All rights reserved.



Improving Food Safety Through a One Health Approach: Workshop Summary

128 IMPROVING FOOD SAFETY THROUGH A ONE HEALTH APPROACH

reliably. Detailed subtyping should predominantly be performed in specialized
laboratories, also in such an outbreak situation. It seems appropriate to observe
these aspects or questions also in the future.

The outbreak had enormous consequences, not only for the patients affected
but also economically because of strongly reduced trade in salads and salad
ingredients. Spanish cucumbers had been discussed by a local health authority
as a potential source of the pathogen. This assumption was not confirmed by
laboratory analysis, and attempts to show a connection to the outbreak strain
failed; however, it affected the sale and led to a major drop in the consumption
and export of Spanish vegetables. Farmers in a number of vegetable-exporting
countries were in turn compensated by the European Union in the amount of
220 million Euros for this loss in income.

In summary, the events in Germany during the summer of 2011 revealed the
importance of functioning public health institutions, both at the county and state
level and at the federal level.

A final detailed report of the EHEC O104:H4 outbreak in Germany is available
through the RKI website (http://edoc.rki.de/documents/rki_ab/reQHS31jDrGxc/
PDF/23NXL3JomOyAA. pdf) in an English version.
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A2

ONE HEALTH AND HOTSPOTS OF FOOD-BORNE EIDS
C. Zambrana-Torrelio, K. A. Murray, and P. Daszak?

Summary

In this section, we focus on a One Health approach to food-borne emerging
infectious diseases (EIDs), their causes, global patterns, and the drivers of their
emergence. First, we review two case studies that show the complexity of food-
borne pathogen emergence across the One Health domain. Second, we examine
the composition of food-borne diseases with respect to their causal agents (patho-
gen type), their association with pathogens of zoonotic origin, and their apparent
disassociation with pathogens that show drug resistance. Third, we analyze the
socioeconomic, environmental, and ecological drivers of food-borne EID events.
Finally, we use published, spatially explicit information on the drivers of disease
emergence to produce a preliminary “hotspot” map that reveals the epicentres, or
hotspots, of food-borne EID events globally.

Introduction

One Health’s focus on the intersection of human, domestic animal, and en-
vironmental health is ideally suited to managing emerging zoonoses. However,
the patterns of emergence are complex and poorly understood and for food-borne
infections may involve multiple pathways. Food-borne infections can include
directly transmitted or vector-borne diseases, for example, Rift Valley fever
(Arzt et al., 2010). Single strains of drug-resistant microbes can infect livestock,
wildlife, and humans (e.g., E. coli O157:H7) (Hughes et al., 2009; Nielsen et al.,
2004; Rahn et al., 1997). Finally, viral pathogens that originate in wildlife may
be driven to emerge by the intensification of livestock production (Pulliam et al.,
2011) or by contamination of bush meat (Wolfe et al., 2005) or other food sources

3 EcoHealth Alliance, 460 West 34th Street, New York, NY 10001, USA.
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(Khan et al., 2011). Our ability to predict the emergence of food-borne infections
is hampered by this complexity. However, recent efforts to analyse disease emer-
gence (Jones et al., 2008; Taylor et al., 2001) have provided a strategy that can
be adapted to analyzing the origins of food-borne infections.

Following our first efforts to predict global patterns of disease emergence
(Jones et al., 2008), we have continued to compile data on human EID events
and their drivers under the aegis of the U.S. Agency for International Develop-
ment—funded Emerging Pandemic Threats PREDICT project (Daszak, 2011).
In the updated database, when the EID events are classified according to their
disease transmission modes (Figure A2-1), we find that food-borne pathogens are
responsible for 14.9 percent of known EIDs.

In this section, we focus on food-borne EIDs, their causes, global patterns,
and the drivers of their emergence. First, we review two case studies that show
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FIGURE A2-1 Proportion of EID events categorized by transmission mode.
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the complexity of food-borne pathogen emergence across the One Health domain.
Second, we examine the composition of food-borne diseases with respect to their
causal agents (pathogen type), their association with pathogens of zoonotic ori-
gin, and their apparent disassociation with pathogens that show drug resistance.
Third, we analyze the socioeconomic, environmental, and ecological drivers of
food-borne EID events. Finally, we use published, spatially explicit information
on the drivers of disease emergence to produce a preliminary “hotspot” map that
reveals the epicentres, or hotspots, of food-borne EID events globally.

Food-Borne, Wildlife-Origin Pathogens: Two Case Studies

Nipah virus (NiV) is a paramyxovirus that first emerged in Malaysia in
1999, causing encephalitis with a 40 percent case fatality rate in humans (Chua
et al., 2000). The virus originated in fruit bats of the genus Pteropus but was first
transmitted to domestic pigs, which amplified the virus via a rapidly spreading
respiratory infection. Subsequent transmission to people occurred via droplets or
fomites contaminated with pig saliva. The initial spillover of NiV seems to have
occurred when fruit bats fed on mango and other fruit trees planted next to pig-
sties at the index farm as a source of additional income and to increase shade.
The question remained: Why did it suddenly emerge in this pig farm and not in
pig farms 20 years earlier or 20 years later?

To answer this question we analyzed pig production and the age structure
of NiV dynamics within the index farm population (Pulliam et al., 2011). We
produced a mathematical model, parameterized with detailed data from the index
farms and other similar farms still in existence in Malaysia today. This model
allowed us to re-create the conditions of the farm when NiV first emerged and
to test hypotheses on the drivers of its emergence. Our analyses suggest that
repeated introduction of NiV from bats changed infection dynamics in pigs. Ini-
tial viral introduction produced an epizootic that drove itself to extinction within
1 to 2 months. Subsequent introduction into a now partially immune population,
coupled with the gradual loss of maternal antibodies in pigs born to sows infected
in the initial outbreak, led to ideal conditions for pathogen persistence and a pro-
longed window of spillover to people and regional spread as infected pigs were
sold. The structured, compartmentalized nature of the index farm was critical to
the emergence of NiV and was a product of agricultural intensification.

A similar scenario surrounds the emergence of highly pathogenic influenza
A/H5NI1. This virus is able to infect wild waterbirds, domestic poultry, and
humans, and its emergence is linked to both intensive production of poultry
and the patterns of rice farming within Southeast Asia. When rice is double-
cropped, it attracts ducks throughout the year and allows greater potential for new
strains of influenza to cross over into pigs and for subsequent crossover of those
strains (Gilbert et al., 2008). Analysis of the patterns of double-cropping in South-
east Asia shows that it is possible to predict the risk of its presence throughout
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the region based on the type of agricultural system (Gilbert et al., 2008). Poultry
production in this region includes large intensive and small “backyard” farms, all
connected via trade routes into markets and through the supply of breeding stock
and their contact with wild birds. We have used a similar modeling approach for
A/HS5NI to examine how farm size and connectivity matter as risk factors for the
emergence of avian influenza. Our modeling shows that both factors interact to
produce specific conditions conducive to outbreaks. When the vast majority of
farms are of small size, outbreaks occur more frequently and last longer, but they
involve few individual birds and therefore have a lower risk of infecting people.
When farms are poorly connected these outbreaks die out because of stochastic
factors. When large intensive farms predominate, outbreaks are very few in
number, but their duration is relatively short because so many birds die in such a
short space of time that the cause is rapidly recognized and the farm culled. The
peak in duration and intensity of outbreaks occurs when there is a mixture of
intensive and backyard farming. These are the conditions that occur most com-
monly in Southeast Asia because of the rapid growth of some economies and
efforts to intensify poultry production.

Causes, Patterns, and Drivers of Food-Borne EIDs

How important are food-borne infections in the context of global disease
emergence events? Going back to Figure A2-1, approximately 15 percent of
human EID events are associated with food-borne transmission pathways. With
475 EID events in the updated database, this translates to 71 separate food-borne
EIDs, at an average emergence rate of just under one completely new, previously
unknown EID event per year reported globally.

When broken down by causal pathogen type (Figure A2-2), food-borne EIDs
are usually bacterial in origin, with smaller proportions of protozoan and helminth-
driven diseases. While bacteria are also the major causes of EIDs associated with
the contaminated environment and fomites, food-borne EIDs are generally more
common and therefore account for the highest number of EIDs of bacterial origin
(50) among all of the transmission modes. Hence, when bacteria are the causal
agent implicated in EID events, they are more likely to be food-borne than of any
other transmission mode. In contrast to the other transmission mode groups, food-
borne EIDs are very rarely viral, accounting for only one (1.4 percent) food-borne
EID (hepatitis A) compared to ~20 to 45 percent (average 30.9 percent) in the
other groups. However, many viral pathogens (e.g., NiV and H5N1) are considered
simply zoonotic because the role of food-borne transmission is either less well
known or less well understood.

Our analyses suggest that the vast majority of food-borne EIDs are indeed
zoonotic; in fact, an even higher proportion of food-borne EIDs are zoonotic
(84.5 percent) than the background rate of all EIDs in the updated database
(62.3 percent) and of any other transmission mode (Figure A2-3). Clearly, patho-
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FIGURE A2-2 Number of EID events per transmission mode classified by pathogen type.

gens from animals entering the food-production chain are of significant concern
for their potential to become EIDs.

One of our earlier findings (Jones et al., 2008) was that a majority (54.3 per-
cent) of human EIDs were bacterial/rickettsial in origin, reflecting a large number
(20.8 percent of all EIDs) of new drug-resistant pathogen strains. We show above
that if an EID was identified as being caused by bacteria, it was most likely to be
food-borne, and similarly if an EID was linked with food it was most likely to
be bacterial than of another transmission mode. Given the propensity of bacteria
to develop drug resistance, and the abundance of food-borne infections of bacte-
rial origin, is there any evidence that food-borne pathogens are contributing to
new drug-resistant diseases?
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FIGURE A2-3 Number of EID events per transmission mode categorized by zoonotic
origin.

Perhaps surprisingly, the answer is no: when EID events are split into catego-
ries reflecting the presence or absence of drug resistance (ignoring for a moment
the secondary split on whether the pathogen was zoonotic or not), food-borne
pathogens are very unlikely to be drug resistant (Figure A2- 4). Although it is true
that drug resistance is relatively infrequently observed across most transmission
modes (the exception being fomite-associated EIDs), resistance is particularly
infrequent in food-borne (as well as vector-borne) EIDs. Hence, even though
bacteria are quite likely to cause food-borne EIDs and bacteria also cause the
majority of new drug-resistant diseases, this is quite unlikely to occur together,
resulting in very few drug-resistant food-borne EIDs. Why is drug resistance not
more common in this group?
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FIGURE A2-4 Proportion of drug-resistant and nonresistant EID events of zoonotic (1),
or non-zoonotic origin (0).

The answer may be related to whether the causal agent is zoonotic or not.
Generally speaking, there is a low frequency of zoonotic EIDs that exhibit drug
resistance (6.0 percent), regardless of the transmission mode (Figure A2-4).
Non-zoonotic EIDs are far more likely to be associated with drug resistance
(40.9 percent), again across all groups. This is consistent with the idea that new
drug-resistant pathogens result from selection on our own circulating pathogens
by the routine use of antimicrobial drugs, and not on the pathogens circulating
in the food industry that originate in animals. In other words, even though most
food-borne EIDs are caused by bacteria, which generally show high potential for
becoming drug resistant, the fact that most food-borne EIDs are zoonotic means
that the group is quite unlikely to experience strong selection pressure from
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routine drug administration in human patients. Obviously there are limitations
to this type of analysis, particularly in how extensive the data are, but it is clear
that this issue is an important target for future research.

Finally, what are the drivers of food-borne pathogens, and are they an ongo-
ing concern for their EID potential? As we have seen, food-borne EIDs are com-
mon, usually zoonotic, usually bacterial, and not likely to exhibit drug resistance.
So what factors are driving them to emerge? What factors are allowing them to
enter and circulate within the food-production system to subsequently cause
disease in humans? In Figure A2-5, we analyse the underlying drivers listed in
a previous Institute of Medicine report (IOM, 2003) for food-borne EIDs and
find that the vast majority of food-borne EIDs are associated with “technology
and industry,” and to a lesser extent with “international trade and commerce”
and “human susceptibility to infection.” This is consistent with previous studies
that have suggested that outbreaks of food-borne infections are likely to be as-
sociated with changes in livestock production and centralization of slaughtering
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Microbial adaptation and change

Climate and weather

Human demographics and behavior

Breakdown of public health measures

Economic development and land use
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FIGURE A2-5 Association of food-borne EIDs with other drivers.
SOURCE: Following IOM (2003).
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and processing (I0OM, 2003; Tauxe, 1997). As a result of these analyses, we can
hypothesize that the global distribution of food-borne EIDs is driven by a process
of intensive production of livestock and food, not simply the number of livestock
produced in a region.

Food-Borne EID Hotspots

Our previous approach to predicting the future geographic origins of new
EIDs (Jones et al., 2008) can be adapted for food-borne EIDs. This approach
involves identifying the geographic and temporal origins of previous disease
emergence events and correcting them for surveillance biases. We then identify
correlations between these and purported socioeconomic (demography, travel,
trade), environmental (climate, land cover), and ecological drivers (biodiversity,
species interactions). Considering all EIDs together, these models suggest that sur-
veillance should be directed toward regions of high biodiversity and dense human
populations, which mainly occur in tropical and subtropical latitudes (Jones et al.,
2008). When we adapt this approach to food-borne EID events and use the same
drivers as in our earlier analysis, human population density and human popula-
tion growth emerge as the most important in the emergence of novel food-borne
outbreaks (Figure A2-6). This suggests that rapidly developing regions are the sites
where most novel food-borne pathogens will emerge in future. This may appear to
be in conflict with Figure A2-5; however, this is because the spatial analyses have
so far been limited primarily by the availability of relevant spatial information.
Human population density and growth are likely to be meaningful proxies for a
range of other mechanistically more relevant drivers. One of our main goals more
recently has thus been to improve our database of detailed drivers. We have, for

FIGURE A2-6 Relative risk of food-borne EID events, based on Jones et al. (2008).
Human population density and human population growth are the most important variables.
SOURCE: Reprinted by permission from Macmillan Publishers Ltd: Nature, (Jones et
al., 2008).
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example, begun to include spatial information on land-use change (cropping and
pasture) and livestock density (including cattle, pigs, buffalo, goats, and sheep)
into the predictive models. We are currently validating these new data sources for
use in future models.

We conclude that food-borne EIDs are a common and important group within
emerging diseases that emerge through complex pathways involving wildlife, live-
stock, and humans. They are therefore ideal candidates for a One Health approach
but have rarely been considered in this way previously. Our analyses show that
the majority of food-borne EIDs (1) are bacterial; (2) are, if bacterial, more likely
to be food-borne than of any other transmission mode; (3) are zoonotic; (4) do
not tend to be associated with drug resistance, perhaps because zoonotic patho-
gens in general show little tendency to become resistant; and (5) are driven by
changes in human food-production systems, including intensification and central-
ization as human populations grow larger and more dense.

References

Arzt,J., W. R. White, B. V. Thomsen, and C. C. Brown. 2010. Agricultural diseases on the move early
in the third millennium. Veterinary Pathology 47:15-27.

Chua, K. B., W. J. Bellini, P. A. Rota, B. H. Harcourt, A. Tamin, S. K. Lam, T. G. Ksiazek, P. E.
Rollin, S. R. Zaki, W. Shieh, C. S. Goldsmith, D. J. Gubler, J. T. Roehrig, B. Eaton, A. R. Gould,
J. Olson, H. Field, P. Daniels, A. E. Ling, C. J. Peters, L. J. Anderson, and B. W. Mahy. 2000.
Nipah virus: A recently emergent deadly paramyxovirus. Science 288:1432-1435.

Daszak, P. 2011. Smart surveillance: Analyzing environmental drivers of emergence to predict and
prevent pandemics. Ecohealth 7:S12-S13.

Gilbert, M., X. M. Xiao, D. U. Pfeiffer, M. Epprecht, S. Boles, C. Czarnecki, P. Chaitaweesub, W.
Kalpravidh, P. Q. Minh, M. J. Otte, V. Martin, and J. Slingenbergh. 2008. Mapping H5N1 highly
pathogenic avian influenza risk in Southeast Asia. Proceedings of the National Academy of Sci-
ences of the United States of America 105:4769-4774.

Hughes, L. A., M. Bennett, P. Coffey, J. Elliott, T. R. Jones, R. C. Jones, A. Lahuerta-Marin, K.
McNiffe, D. Norman, N. J. Williams, and J. Chantrey. 2009. Risk factors for the occurrence of
Escherichia coli virulence genes eae, stx1 and stx2 in wild bird populations. Epidemiology and
Infection 137:1574-1582.

IOM (Institute of Medicine). 2003. Microbial threats to health: Emergence, detection, and response.
Washington, DC: The National Academies Press.

Jones, K. E., N. Patel, M. Levy, A. Storeygard, D. Balk, J. L. Gittleman, and P. Daszak. 2008. Global
trends in emerging infectious diseases. Nature 451:990-994.

Khan, M. S. U,, J. Hossain, E. S. Gurley, N. Nahar, R. Sultana, and S. P. Luby. 2011. Use of infrared
camera to understand bats’ access to date palm sap: Implications for preventing Nipah virus
transmission. Ecohealth 7:517-525.

Nielsen, E. M., M. N. Skov, J. J. Madsen, J. Lodal, J. B. Jespersen, and D. L. Baggesen. 2004.
Verocytotoxin-producing Escherichia coli in wild birds and rodents in close proximity to farms.
Applied and Environmental Microbiology 70:6944-6947.

Pulliam, J. R., J. H. Epstein, J. Dushoff, S. A. Rahman, M. Bunning, A. A. Jamaluddin, A. D. Hyatt,
H. E. Field, A. P. Dobson, and P. Daszak. 2011. Agricultural intensification, priming for per-
sistence and the emergence of Nipah virus: A lethal bat-borne zoonosis. Journal of the Royal
Society Interface 9(66):89-101. doi: 10.1098/rsif.2011.0223.

Copyright © National Academy of Sciences. All rights reserved.



Improving Food Safety Through a One Health Approach: Workshop Summary

140 IMPROVING FOOD SAFETY THROUGH A ONE HEALTH APPROACH

Rahn, K., S. A. Renwick, R. P. Johnson, J. B. Wilson, R. C. Clarke, D. Alves, S. McEwen, H. Lior,
and J. Spika. 1997. Persistence of Escherichia coli O157:H7 in dairy cattle and the dairy farm
environment. Epidemiology and Infection 119:251-259.

Tauxe, R. V. 1997. Emerging foodborne diseases: An evolving public health challenge. Emerging
Infectious Diseases 3:425-434.

Taylor, L. H., S. M. Latham, and M. E. J. Woolhouse. 2001. Risk factors for human disease emer-
gence. Philosophical Transactions of the Royal Society of London, B 356:983-989.

Wolfe, N. D., P. Daszak, A. M. Kilpatrick, and D. S. Burke. 2005. Bushmeat hunting, deforestation
and prediction of zoonotic emergence. Emerging Infectious Diseases 11:1822-1827.

A3

PLANT FOOD SAFETY ISSUES: LINKING PRODUCTION
AGRICULTURE WITH ONE HEALTH

Marilyn C. Erickson and Michael P. Doyle*

During the past decade, fruits and vegetables have become leading vehicles
of food-borne illnesses. Furthermore, many plant-based foods and ingredients,
not previously considered a risk, have been associated with food-borne disease
outbreaks. Most of the pathogens that have been identified as causative agents
in these illnesses or outbreaks are enteric zoonotic pathogens that are typically
associated with animal hosts. Transmission of zoonotic pathogens from animals
to plant systems occurs by a variety of routes, but the initial contributing factor
is the discharge of animal manure into the environment. Using a “One Health”
approach that focuses on animal, human, and environmental health concurrently
can provide practical and effective interventions for reducing the incidence of
such outbreaks. This paper addresses this concept by providing recent food-borne
disease outbreak data related to fruits and vegetables, delineating findings regard-
ing the prevalence of pathogens in animal manures and describing the vehicles
that transmit pathogens from manure to produce fields, and discussing the merits
of reducing pathogen transmission through interventions that would not adversely
affect the health of the environment or animals.

Qutbreaks and Illnesses Associated with Fresh Fruits and Vegetables

Food-borne illnesses have been a persistent challenge to public health and are
now being detected with greater frequency largely because of enhanced surveil-
lance systems that have been implemented in many countries. These enhanced
surveillance systems have during the past decade revealed that the proportion
of total outbreaks attributed to produce is significant (Lynch et al., 2009) but
varies with the country. For example, only 4 percent of all food-borne outbreaks

4 Center for Food Safety, University of Georgia, 1109 Experiment Street, Griffin, GA 30223, USA.
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reported in Australia from 2001 to 2005 were attributed to fresh produce (Kirk
et al., 2008); similarly, in Canada, between 1976 and 2005, 3.7 percent of 5,745
outbreaks with a known vehicle of transmission were attributed to produce (Ravel
et al., 2009). However, in contrast, data from the Centers for Disease Control
and Prevention (CDC) identified produce as either the first or second leading
vehicle in food-borne disease outbreaks attributed to a single commodity within
the United States for the period 2006-2008 (Table A3-1). Furthermore, outbreak
surveillance data of produce items compiled by the CDC during the period
2000-2009 revealed that leafy greens were the most common item associated
with food-borne disease, followed by tomatoes and cantaloupes (Table A3-2).
Moreover, attribution risk rankings of fresh produce—associated outbreaks in the
United States identified enterohemorrhagic Escherichia coli in leafy greens as
the leading pathogen-produce vehicle combination, followed by Salmonella spp.
in tomatoes, and Salmonella spp. in leafy greens (Anderson et al., 2011). Further
differentiation of vehicles of produce-associated outbreaks that occurred in the
United States during the period of 1998-2008 revealed that fresh-cut produce ac-
counted for 56 percent, 36 percent, and 17 percent of the outbreaks attributed to
leafy greens, tomatoes, and melons, respectively (Sneed, 2010).

An evaluation of selected produce-associated outbreaks that occurred during
the past 5 years revealed several common features (Table A3-3). These outbreaks
often were multistate or multinational in nature and reflect the large areas to
which the foods are distributed. With imports accounting for nearly 39 percent
of fresh fruits and 14 percent of fresh vegetables in 2005 (Johnson, 2012), im-
proved sampling and pathogen testing of produce at the borders of the United
States offers one barrier for reducing the likelihood of contaminated produce

TABLE A3-1 Food-Borne Disease Outbreaks Attributed to a Single
Commodity by Leading Food Vehicles, 2006-2008

Year Rank Food vehicle Outbreaks (%)
2006 1 Produce 23.5
2 Meat 19.3
2 Fish 19.3
4 Poultry 14.4
2007 1 Meat 23.0
2 Produce 22.6
3 Fish 17.4
4 Poultry 17.0
2008 1 Produce 27.5
2 Meat 23.4
3 Poultry 14.7
4 Fish 13.8

SOURCE: CDC (2009a, 2010c, 2011e).
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TABLE A3-2 Number of Outbreaks (illnesses) Reported Between 2000 and
2009 in the United States That Were Associated with Selected Fresh Produce
Items as a Function of their Etiology®?

Bacterial agents

Salmonella  Escherichia Shigella Campylobacter
Produce item spp- coli O157:H7¢  spp. Jejuni Other?
Cabbage 1(8) 1(41) 2 (68)
Lettuce 10 (456) 14 (364) 1(4) 2 (16) 3(114)
Spinach 2 (223) 1(6)
Sprouts 12 (441) 4 (46) 1 (20)
Herbs 3 (70)
Leafy green salads 23 (997) 15 (280) 7 (190) 7 (42) 10 (145)
Coleslaw 1(26) 4 (22)
Peppers 4 (1,643) 15 217
Tomatoes 25 (1,867) 1 (886) 1(13) 2 (10)
Cantaloupe/melons 19 (1,180) 15 1 (56) 1(55)

@ Data compiled from the CDC website on outbreak surveillance (http://www.cdc.gov/outbreaknet/
surveillance_data.html).

b Qutbreaks/illnesses attributed to each pathogen group includes both confirmed and suspected.

¢ Includes other Shiga toxin—producing Escherichia coli.

4 Includes where multiple bacterial pathogens have been found and cases involving the agents of
Bacillus cereus, Clostridium botulinum, C. perfringens, Listeria monocytogenes, and Staphylococcus
aureus.

SOURCE: CDC.

from entering the retail sector. However, better implementation both domestically
and abroad of best food safety practices for producing and processing fruits and
vegetables would have even more impact on reducing pathogen contamination
and the likelihood of produce-borne illnesses. This approach would address a
significant contributing factor associated with several recent produce outbreaks,
which is that contamination occurs on the farm where production and process-
ing can occur. For example, in a multistate outbreak of listeriosis in 2011 that
resulted in 34 deaths and was the most deadly food-borne outbreak in the United
States since 1924, four outbreak-associated strains of Listeria monocytogenes
were traced back to whole cantaloupes and packing equipment on Jensen Farms
in Colorado (CDC, 2011c). In another 2011 outbreak, fenugreek seeds that were
likely contaminated with fecal matter led to the largest outbreak in the number
of cases of hemolytic uremic syndrome (22.3 percent of 4,075 total cases) ever
reported in the world (WHO, 2011).

Surveillance of Pathogens in Retail Produce

A number of studies have been conducted to determine the prevalence of
enteric pathogens on fruits and vegetables, and the results varied with respect
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Viral agents Other agents
Norovirus Hepatitis A Protozoan parasites Unknown Total
3(78) 1(16) 3 (16) 11 (227)
39 (999) 1(22) 10 (60) 80 (2,035)
309 6 (238)
1(2) 18 (509)
1 (592) 1 (20) 5 (682)
257 (8,520) 3(47) 114 (1,419) 436 (11,640)
20 (676) 1(8) 1(11) 27 (743)
1(2) 8 (1,667)
15 (399) 1(23) 45 (3,198)
12 (502) 6 (79) 40 (1,877)

to the country of origin and the target pathogen. For Salmonella, there was for
most developed countries a very low prevalence in cabbage, lettuce, and mixed
salads, whereas higher prevalences were observed for developing countries where
agricultural production and hygienic practices were of a lower level of sanitation
(Table A3-4). The presence of helminth and protozoan parasites in leafy greens
(Table A3-5), however, likely reflects the ability of these pathogens to resist stan-
dard chlorine-based wastewater treatments (Erickson and Ortega, 2006; Graczyk
et al., 2007). The relatively low occurrence of pathogen contamination on produce
makes it inherently difficult to rank the degree of risk associated with the vari-
ous sources of contamination by which enteric pathogens are transmitted from
animals to plant production environments.

Pathogens in Manures from Domesticated Animal

A large number of zoonotic pathogens reside and grow in the gastrointestinal
tract of domesticated animals (poultry, cattle, swine, sheep, and goats) and are
shed in their feces asymptomatically, often in very large numbers. Those enteric
pathogens associated with the largest number of food-borne disease outbreaks and
illnesses include Campylobacter jejuni, Salmonella spp., Shiga toxin—producing
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TABLE A3-3 Selected Food-Borne Disease Outbreaks Attributed to Produce
During the Period of 2006-2011

Number of

Year Pathogen cases Country of origin
2007 Salmonella Weltevreden 45 Italy, seed origin
2009 Salmonella Saintpaul 228 Domestic, seed company
2010 S. Newport 44 Domestic, processor
2010 Salmonella 1 4,[5],12:i:- 112 Domestic
2011 E. coli O104:H4 3911 Egypt
2007 S. Senftenberg 51 Israel
2007 S. Senftenberg 74 Israel
2006 S. Saintpaul 36 Domestic
2008 S. Litchfield 51 Honduras
2011 S. Panama 20 Guatemala
2011 Listeria monocytogenes 146 Domestic
2006 Clostridium botulinum 4 Domestic
2006 Yersinia pseudotuberculosis 427 Domestic, traced to vegetable

distributor
2006 Norovirus 43 China
2006 E. coli O157:H7 71 Not known
2006 E. coli O157:H7 81 Domestic
2011 E. coli O157:H7 60 Domestic
2008 Salmonella Newport and Reading 77 (Newport) ~ Domestic

30 (Reading)

2010 Norovirus and E. coli ETEC 264 France
2010 E. coli 0145 33 Domestic, processor
2007 E. coli O157:H-, PT8 50 Netherlands, processing plant
2008 Cryptosporidium parvum 21 Italy
2008 S. Saintpaul 1,442 Mexico
2007 Shigella sonnei 227 Thailand
2006 E. coli O157:H7 204 uU.s.
2006 S. Typhimurium 183 Not known

SOURCE: CDC.

enterohemorrhagic Escherichia coli (STEC), and Cryptosporidium parvum. Many
studies have been conducted to determine the prevalence of these pathogens in the
feces of domesticated animals. A selection of results of recent studies are shown
in Tables A3-6 to A3-9 to illustrate the range of pathogen prevalences and cell
numbers that may occur within animal wastes and between and within different
groups of animals. For Cryptosporidium, not all species are pathogenic for hu-
mans. For example, currently there are at least 16 recognized species of Crypro-
sporidium, of which two most affect humans, C. hominis and C. parvum (Jagai et
al., 2010). Therefore, when results do not differentiate species of Cryptosporidium,
the potential risk of those manures to human health may be overestimated.
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Affected regions Implicated food Reference
Norway, Denmark, Finland Alfalfa sprouts Emberland et al., 2007
U.S., multistate Alfalfa sprouts CDC, 2009b
U.S., multistate Alfalfa sprouts CDC, 2010a
U.S., multistate Alfalfa sprouts CDC, 2011a
Multinational Fenugreek sprouts EFSA, 2011
U.K,, U.S., Denmark, Netherlands  Basil Elviss et al., 2009
U.K., Denmark, Netherlands, U.S.  Basil, fresh Pezzoli et al., 2008
Australia, multijurisdiction Cantaloupe Munnoch et al., 2009
U.S., multistate Cantaloupe CDC, 2008a
U.S., multistate Cantaloupe CDC, 2011b
U.S., multistate Cantaloupe CDC, 2011c¢
U.S., Georgia Carrot juice CDC, 2006a
Finland Carrots, grated Rimhanen-Finne et al., 2009
Sweden Frozen raspberries Hjertqvist et al., 2006
U.S., multistate Lettuce FDA, 2006
U.S., multistate Lettuce FDA, 2007
U.S., multistate Lettuce, romaine CDC, 2011c¢
Finland Lettuce Lienemann et al., 2011
Denmark, Norway Lettuce, lollo biondo type Ethelberg et al., 2010
U.S., multistate Lettuce, shredded romaine CDC, 2010b
Netherlands, Iceland Lettuce, shredded, prepacked  Friesema et al., 2007
Sweden Parsley Insulander et al., 2008
U.S., Canada Peppers (jalapefio and CDC, 2008b

Serrano), tomatoes
Denmark, Australia Raw baby corn Lewis et al., 2009
U.S., Canada Spinach Calvin, 2007
U.S, multistate Tomatoes CDC, 2006b

Management of Wastes from Domesticated Animals

Globally, food animal production has increased more than fivefold in the
past 50 years due in large part to the adoption of the industrialized concentrated
animal production model. With multinational companies expanding their opera-
tions overseas, estimates indicate that concentrated animal feeding operations
(CAFOs) provide 74 percent of poultry, 50 percent of pork, and 43 percent of beef
produced worldwide (Halweil and Nierenberg, 2004). Accompanying this expan-
sion in production has been the challenge of managing the massive quantities of
animal wastes that are generated in one location. For example, in China, animal
waste was estimated to be 3.2 billion tons, which was three times the amount of

Copyright © National Academy of Sciences. All rights reserved.



Improving Food Safety Through a One Health Approach: Workshop Summary

146

DAD =FDINOS

Q€002 “BEO0T ‘100T ¢ 12 003es S0°0 200°01/S S)I9[INO [1R)aI ‘FuLR) N

€00T T8 12 ya[es L'S¢ /oy SIONIBW JOM RISARTRIA

010C “'Te 12 09§ 80 6Cl1/1 jueane)sal ‘yayrewradns ‘o101s juounredoq ©AIOY]
200C “'T& 12 NOpeLIayJarg 0 $v62/9 SJO[INO [IBJAI ‘SIS UONINPOIJ snud£) s9[qe1agon
L00T “'Te 10 19pQ1q 8tV 12/1 SIIRIY Nizerg /speres paxIA

600T ‘800¢ ‘L00T ‘VASN 700 €516/ SISIURD UONNQLNSIP J[eSIA[OYM pUE SISNIBIA SN

00T e 39 S1oqunyJ, 0 01/0 sjoyIew S JouLIe] ‘sjoyrewtadng SN

9002 ‘Y00T “Te 12 221y niy 0 192/0 JIUBSIONWAS ‘[BUONUIAUOD ‘OTUBTIO ‘SULIR] 'S'N

800C “Te 19 SeIpeqy 7' 62/1 SJUSWIYSI[QRISI [1BIY uredg

0102 “Te 12 BILAIIO 0 L0 [BUOTIUDAUOD ‘OTUBRTIO ‘SULIB,] uredg

G0O0T “'Te 12 JI1AdIBOUOT] 0 6L1/0 O1uegI0 ‘s190NpoId KemIoN

£00¢ “Te 10 0380 0 S¢S/ Sp[ot] BLIDTIN

110 “'Te 10 ZaIIwe y-epaueise)) €1 SL/01 sjoyreuriadns ‘syoyIeIAl OOIXAIN

010 “'I® 19 09§ ¢ 0¢/1 juene)sar Jodprewradns ‘103s jusunredoq BAIOY

0T0T “Te 19 BsnIH o e w9/ SI0NPOIJ Aoy

100 ‘UOS[IA\ Pue UOUBIADIA 0 8/0 syypreuadng pueaI]
L00T “'Te 39 myry 70 0€S/1 SJONIRUI S, JOULIRJ/SIDIUD UOTINQLISIP [1e10y epeuR) Ehliiiky|

900T ‘Y00T “'Te 10 dal1oyyny 0 162/0 JIUEBSIONWAS ‘[BUOTIUIAUOD ‘OTUBTIO ‘SULIB, SN

9007 “'Te 19 uosuyof 0 601/0 *S°[] UIdYINos ‘spays Sunyoed SN

600 “'[e 12 o3enueg-zoxng 0’1 001/1 uone)s A1ddng OJIXIN

100T ‘UOSTIA\ pu® UOYRIADIA 0 ¥/0 sioyrewadng puepaig

1007 “Iney[ pue UBYIBUBMSIA 06T 8/C SIOPUDA 1o eIpUL
L00T ‘Tpediry, pue rey el (5944 SPIatg eIpuyp 93eqqe)
QIURIAJY (9) QousreAdlq pordwes roquinu aus Surdwreg Anuno) WI 9ONPOIg

/aAnisod roquinN

(1102-1007) PHOM U3 INOYSNOIY L, Spe[es POXIL Pue 93eqqu)) “9onjaT ul vjjauoupg jo 2Ud[eAdld p-£V ATAVL

Copyright © National Academy of Sciences. All rights reserved.



Improving Food Safety Through a One Health Approach: Workshop Summary

APPENDIX A 147

industrial solid waste produced in that same year (Wang et al., 2005). Within the
United States, it has also been reported that confined food animals produce ap-
proximately 335 million dry tons of waste per year, which is more than 40 times
the amount of human biosolids waste generated from wastewater treatment plants
(Graham and Nachman, 2010). The vast majority of this animal waste is applied
to land without any required treatment for reduction of pathogens as is required
for human biosolids (EPA, 2004).

There are two primary forms of animal wastes generated at CAFOs. In the
case of broiler units, solid waste is generated either as single-use, partial reuse,
or multiuse litter (Bolan et al., 2010). In confined swine and cattle operations,
water is used to flush waste from the floors where the animals are housed, and
the liquid slurry is channeled into large ponds for storage (Graham and Nachman,
2010). The application of animal wastes to land is largely based on agronomic
requirements, geography, and commodity choices. For example, corn receives
more than half of the land-applied manure, of which most of the manure is from
dairy and hog stock because of the use of corn as a major feed crop for dairy and
hog operations and the high growth nutrient requirement of corn for nitrogen-
rich manure. Hay and grasses are the second largest of the crops fertilized by
manure, which is mostly from hog, broiler, and dairy producers (MacDonald et
al., 2009). Poultry litter, on the other hand, is frequently used as a fertilizer for
cotton, peanuts, and fresh produce (Boyhan and Hill, 2008).

Direct Transmission of Enteric Pathogens from
Animal Wastes to Produce Fields

Animal manures applied to fields to be used for fruit and vegetable produc-
tion have the potential to be a direct source of enteric pathogens if there has not
been sufficient holding time between planting and harvest. The U.S. Department
of Agriculture (USDA) National Organic Program permits the incorporation of
raw manure into soil 120 days before harvest if the food crop has direct contact
with the soil; however, only 90 days prior to harvest is required if crops have no
contact with the soil (7 Code of Federal Regulations [CFR] 205.203). In contrast,
more stringent requirements have been set by the Leafy Greens Marketing Agree-
ment in which 1 year between application of raw manure and harvest of the crop
is advocated (LGMA, 2012). As part of the Food Safety Modernization Act, it
is anticipated that the Food and Drug Administration will include in its produce
rule a required time interval between manure application to fields and either the
planting or harvest of crops that would be consumed raw.

Transmission via Runoff of Enteric Pathogens from
Animal Waste—-Applied Lands to Produce Fields

One of the routes by which enteric pathogens may be indirectly transferred
to produce fields from domesticated animal waste deposited or stored on land
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TABLE A3-5 Prevalence of Helminth and Protozoan Parasites in Leafy Greens
from 2005-2010

Ascaris spp. Cryptosporidium spp.
Number Number
positive/ positive/
number of number of
Produce item  Country ~ Sampling target samples % samples %
Cabbage Ghana Retail fruit, 33/60 55.0
vegetable markets
Spain Fields 2/6 333
Turkey Wholesale markets
Lettuce Ghana Retail fruit, 36/60 60.0
vegetable markets
Libya Wholesale, 26/27 96.3
retail markets
Spain Fields 10/13 76.9
Turkey Field 6/15 40.0
Turkey Wholesale markets ~ 2/35 5.7

SOURCE: CDC.

adjacent to produce fields is via storm runoff. Many studies have revealed that
enteric pathogens can move both horizontally and vertically to contaminate land,
surface waters, and ground waters adjacent to produce fields (Cooley et al., 2007;
Forslund et al., 2011). In these situations, the risk of pathogen contamination
of produce will be dependent on a number of factors, including the attachment
strength of the pathogen to soil particles, the interval between the manure applica-
tion and the precipitation events, the kinetic energy of the rainfall, the topographi-
cal slope that affects the direction and velocity of water flow, and the density of
vegetation between the waste source and the destination site (Ferguson et al.,
2007; Hodgon et al., 2009; Jamieson et al., 2002; Lewis et al., 2010; Mishra et
al., 2008; Saini et al., 2003; Tyrrel and Quinton, 2003). In addition, the physical
state of the waste will also affect the direction of movement of the pathogens
with greater percolation occurring by a liquid slurry source and greater overland
transport for a solid manure source (Forslund et al., 2011; Semenov et al., 2009).

Transmission of Enteric Pathogens from Waste-
Contaminated Water Sources to Produce Fields

Storm runoff carrying pathogens from animal wastes does not necessarily
have to pass through agricultural produce fields to be a source of contamination.
Collection in surface waters and subsequent use of that water to irrigate produce
crops is another means to disseminate the pathogens. Surveys of environmental
water sources for pathogen contamination have revealed significant contamina-
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Giardia spp. Taenia spp. Toxocara spp.

Number Number Number

positive/ positive/ positive/

number of number of number of

samples % samples % samples % Reference

Amoah et al., 2006

2/6 33.3 Amoros et al., 2010
0/14 0 Kozan et al., 2005
Amoabh et al., 2006

1727 3.7 9/27 333 23/27 85.2  Abougrain et al., 2010

8/13 61.5 Amoros et al., 2010

3/15 20.0 Erdogrul and Sener, 2005
2/35 5.7 Kozan et al., 2005

tion with Salmonella spp., STEC, and protozoan parasites (Table A3-10); how-
ever, contamination appears to be sporadic and is often associated with recent
rain events and seasonality (Gaertner et al., 2009; Haley et al., 2009). Enhanced
survival of pathogens in the sediment (Chandran et al., 2011; Garzio-Hadzick
et al., 2010) and resuspension of the organisms into the water column may also
perpetuate the risk. Contamination of surface waters, moreover, has been associ-
ated with the concentration of food animals raised in the area (Cooley et al., 2007,
Johnson et al., 2003; Tserendorj et al., 2011; Wilkes et al., 2011). Salmonella
and Cryptosporidium contamination of watersheds not impacted by human or
domesticated animal production has been observed (Edge et al., 2012; Patchanee
et al., 2010), which suggests that there is a level of natural occurrence of these
pathogens from wildlife sources.

Several epidemiological studies lend support to the role that contaminated
irrigation water serves as a transmission vehicle of enteric pathogens to fresh
produce. In 2002 and 2005, two outbreaks of S. Newport infection in the United
States were associated with eating tomatoes and the outbreak strain was isolated
from the pond water used to irrigate the tomato fields (Greene et al., 2008). Irriga-
tion of fields with contaminated irrigation waters was also indicated as a possible
source of contamination of imported cantaloupe associated with an outbreak of
S. Poona infection in the United States in consecutive years during 2000-2002
(CDC, 2002). Given the often sporadic nature of contamination of irrigation
water, these documented cases linking irrigation water to an outbreak may repre-
sent only a small fraction of the contamination events that actually occur. World-
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wide, it is estimated that 17 percent of the world’s cropland (1.4 billion hectares)
is irrigated and, of that, 20 million hectares are irrigated with untreated wastewa-
ter (Jimenez et al., 2010). In the United States and the United Kingdom, extensive
irrigation of fresh produce crops occurs and, of the acreage irrigated, 48 percent
and 78 percent, respectively, are derived from non-groundwater sources (Knox
et al., 2011; USDA NASS, 2009), which are subject to intermittent inputs of
pathogens from animal husbandry operations.

Contribution of Bioaerosols to Dissemination of Enteric Pathogens
from Animal Production Operations to Produce Fields

Aerosolization of microbial pathogens is an inevitable consequence associ-
ated with animal production operations as well as the handling and disposition
of animal manure. However, estimating the impact of bioaerosol dispersal on
pathogen dissemination has been hampered by the notable absence of standard-
ized and validated methods for enumeration of various types of microorganisms
in outdoor bioaerosols. Hence, there has been a wide range of prevalence and cell
number values reported across very diverse types of animal operations and land-
scapes (Millner, 2009).

Studies addressing bioaerosol levels in outdoor air generally address fecal
indicator organisms because they are more abundant and easily identified in
the aerosols, although it is acknowledged that they may behave differently than
the pathogens. The general trend that has been observed is decreasing airborne
microorganism concentrations as the distance from the source increases with
relative humidity, temperature, and solar irradiance being major factors affecting
viability (Dungan, 2010). Other pertinent observations made in studies address-
ing the levels of the indicator organism, E. coli, in aerosols of poultry houses
are that the levels of airborne bacteria are intricately linked to the levels of those
bacteria in the litter (Chinivasagam et al., 2009; Smith et al., 2012) and the type
of ventilation system affects the distance that E. coli is disseminated, with E. coli
traversing 11.1 and 7.5 m downwind from houses using tunnel and conventional
fans, respectively (Smith et al., 2012).

Limited studies have been conducted addressing bioaerosol transport fol-
lowing land application of animal manures in contrast to those addressing the
application of municipal wastes (Pillai and Ricke, 2002). Although there may
be some similar behavior between these two sources, there could be differences
given that they vary in their organic matter content that can provide differences in
the degree of protection against ultraviolet radiation and drying (Dungan, 2010).
In one of the few studies addressing land application of cattle and swine slurry
and the method used to disperse the wastes, total bacterial counts in the air were
greater at greater distances from spray guns that discharged the slurry upward
into the air compared to tank spreading that sprayed the slurries closer to the
ground (Boutin et al., 1988). In another study in which swine manure was ap-
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plied through a center pivot irrigation system, coliform concentrations decreased
to near background concentrations at 23 m downwind (Kim et al., 2008). Wind
speed and topography, however, are likely to also factor into the distances tra-
versed by pathogens and, hence, safe distances between produce fields and animal
production activities will likely be site specific.

Wildlife as a Vehicle to Transmit Pathogens from
Domesticated Animal Waste to Produce Fields

The recent focus on wildlife as a potential source of pathogen contamination
of produce fields was driven by the isolation of E. coli O157:H7 from feral swine
that occupied areas near spinach fields and cattle farms in California following
the 2006 spinach outbreak (Jay et al., 2007). More recently, Campylobacter jejuni
was isolated both from Sandhill crane feces and raw peas and several of the iso-
lates had pulsed-field gel electrophoresis (PFGE) patterns indistinguishable from
clinical samples obtained during a C. jejuni gastroenteritis outbreak that occurred
in Alaska in 2008 (Gardner et al., 2011). Attention was again focused on wildlife
as a potential source of contamination when E. coli O157:H7 isolated from deer
feces was determined to have an identical PFGE pattern as the isolates responsible
for 15 people who were ill from eating contaminated fresh strawberries in Oregon
in 2011 (IEH Laboratories & Consulting Group, 2011). Given that the same strain
was also isolated from soil raises the question as to whether the deer were actu-
ally the source of the outbreak or were infected when they ate the contaminated
strawberries. Most evidence indicating that wildlife is a potential source of food-
borne contamination is from the isolation of clinically relevant pathogens from
the animal’s feces. In one example, Renter et al. (2006) isolated from deer fecal
samples four Salmonella serovars (Litchfield, Dessau, Infantis, and Enteritidis)
known to be pathogenic to humans and animals. In another example, subtyping of
STEC isolates from wildlife meat in Germany identified virulence genes associ-
ated with severe clinical outcome (stx2, stx2d, and eae) in 46 of the 140 STEC
samples (Miko et al., 2009). More definitive proof that specific types of wildlife
could be transmission vectors of pathogens from domesticated animal facilities
was obtained with a study of European starlings (Williams et al., 2011). In that
study, distinct molecular types of E. coli O157:H7 were similar in starlings and
cattle on different farms, and these birds were capable of shedding the pathogen
in their feces for more than 3 days (Kauffman and LeJeune, 2011). Hence, it is
reasonable to assume that European starlings could serve as a vector of pathogens
from cattle and dairy farms to produce fields.

In response to the limited studies linking wildlife to produce contamination,
processors and buyers have become overreactive in many cases in requiring the
absence of many types of wildlife from farms. To illustrate this trend, the percent-
age of growers that reported being told by their processors or buyers that feral
pigs, deer, birds, rodents, and amphibians were a significant risk was 19, 28,

Copyright © National Academy of Sciences. All rights reserved.



Improving Food Safety Through a One Health Approach: Workshop Summary

162 IMPROVING FOOD SAFETY THROUGH A ONE HEALTH APPROACH

44, 47, and 28 percent, respectively (Lowell et al., 2010). Several studies, how-
ever, have revealed that some groups of animals have a very low prevalence of
contamination with relevant human enteric pathogens (Table A3-11). It is likely
that all animal groups have the potential to be contaminated with a food-borne
pathogen, but whether they are significant harbingers of human enteric pathogens
is likely dependent on their access to animal husbandry sites as well as on their
social behavior (i.e., existence of a social group and its size). This would also be
the case with insects. For example, filth flies collected in leafy green fields were
believed to have originated from nearby rangelands that contained fresh cattle
manure (Talley et al., 2009).

Persistence of Pathogens on Produce in Fields Requires a Systems
Approach to Prevent and Monitor Pathogen Introduction

Many field studies have revealed the persistence of human enteric pathogens,
albeit typically at low levels, in a number of different vegetables contaminated at
various points during their cultivation (Erickson et al., 2010; Gutiérrez-Rodriguez
et al., 2011; Islam et al., 2004a, 2004b, 2004c, 2005; Moyne et al., 2011). This is
noteworthy because chemical disinfectants typically used during minimal process-
ing of fresh produce are not fully effective in eliminating pathogen contamination
(Doyle and Erickson, 2008). Hence, it is paramount to prevent the introduction
of these pathogens into produce fields. The primary approach currently used to
reduce the risk of pathogen contamination in fields is the application of good
agricultural practices (GAPs). To prevent the introduction of pathogens through
nontraditional vehicles (storm runoff, intrusions by pathogen-carrying wildlife)
will require the development of novel approaches in addition to GAPs. Given
that the environment surrounding the produce field would likely be impacted by
these pathogen control practices, it is important to implement a systems approach
and consider all ramifications to the adoption of any intervention practices. It is
also important to be cognizant that storm runoff and fecal deposits from wildlife
may only contaminate the plants at discrete locations within a field. The ability
to detect this contamination by current sampling plans that rely on uniform con-
tamination is therefore limited and efforts are needed to develop new monitoring
systems that can detect contamination when such pathogen introductions occur.

Concluding Comments

Vegetables, fruits, and a variety of plant foods and ingredients are now rec-
ognized as major vehicles of food-borne disease outbreaks, and a primary source
of pathogen contamination of this commodity group is animal manure. There
are several routes by which pathogens can be transmitted from animal produc-
tion sites to produce fields. The vehicles likely presenting the greatest risk are
manure-contaminated soil amendments and irrigation water. Wildlife, insects,
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and vermin, however, may also serve as intermediate vectors of pathogens from
animal wastes to plants in the field. The multifaceted routes by which pathogens
may be transmitted to produce crops illuminates the value of a One Health ap-
proach to minimize pathogen contamination in the production environment while
ensuring that adverse effects to the environment be minimized.
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ONE HEALTH AND FOOD SAFETY—THE CANADIAN EXPERIENCE:
A HOLISTIC APPROACH TOWARD ENTERIC BACTERIAL
PATHOGENS AND ANTIMICROBIAL RESISTANCE SURVEILLANCE

Jane Parmley,® Zee Leung,® David Léger,’ Rita Finley,” Rebecca Irwin,>

Katarina Pintar,’ Frank Pollari,” Richard Reid-Smith,>°
David Waltner-Toews,*® Mohamad Karmali,> and Rainer Engelhardt’

Introduction

This paper describes a holistic approach to the prevention and control of
human food-borne illness from enteric pathogens, based on implementation of the
“One Health” paradigm. Antimicrobial resistance (AMR) has been chosen as a
particular illustrative theme for this overview to demonstrate the practical utility
of a One Health approach.

The rapid emergence, global spread, morbidity, and mortality associated
with emerging infections such as severe acute respiratory syndrome and avian
and pandemic influenza is stimulating the global community to develop novel
approaches for their prevention and control. Ongoing concerns about food-borne
pathogens such as Escherichia coli O157:H7, Listeria monocytogenes, and vari-
ous species of Salmonella, as well as the arrival and impact of new strains of
food-borne pathogens such as E. coli 0104 as observed during the 2011 outbreak
in Germany, add to the need to take into account the complexity of infection from
multiple dimensions. These include the following:

1. Burden of illness. The World Health Organization estimates that infectious
and parasitic diseases are the second leading cause of death in the world
(WHO, 2008). Enteric pathogens are the third leading cause of infectious
disease worldwide and account for almost 2 million deaths every year
(Girard et al., 2006). As in many other countries, these pathogens also
cause a significant disease burden in Canada, where there are an estimated
11 million food-borne enteric illnesses per year with an estimated cost
of $3.7 billion dollars (Thomas et al., 2008). Although microbial enteric
illness can be caused by bacteria, viruses, parasites, and protozoal organ-
isms, bacteria play a major role in enteric disease (Girard et al., 2006)
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and are the major focus of enteric surveillance programs. Although most
enteric bacterial infections result in subclinical or mild illness, their high
rate of incidence in the population can be expected to have economic
impact on a country simply through loss of short-term individual produc-
tivity. In addition, bacterial infections can cause severe disease, particu-
larly in children, the elderly, and immunosuppressed individuals.

2. Zoonotic and environmental origins. More than 60 percent of new emerg-
ing and reemerging pathogens of humans, including those that are trans-
mitted by food and water, arise from animals and the environment (Jones
et al., 2008). The rate of emergence appears to be increasing, most likely
related to factors such as human population growth, changing patterns of
international trade, globalization, mass population migrations, climate
change, and environmental degradation. With regard to food safety patho-
gens, it is anticipated that the increased industrialization of animal pro-
duction, as is seen worldwide in both developed and developing countries,
creates an environment for increased opportunity for entry of pathogens
into the food chain.

3. Antimicrobial resistance. The severity of infections and our success in
treating the associated clinical diseases are affected by the presence of
antimicrobial resistance. Antimicrobial-resistant bacteria are those that
are able to replicate in the presence of antimicrobials, here meaning anti-
biotics and their synthetic derivatives, at levels that normally suppress
growth or kill the bacteria. Antimicrobial resistance is a growing concern
that threatens animal and human health worldwide, driven mainly by
antimicrobial use, both appropriate and inappropriate.

The One Health Paradigm

“One Health” has emerged as a strategic framework for reducing the risks
of infectious diseases arising from the animal-human—ecosystems interface.
Although a universal definition of One Health has not been achieved, and there
are overlaps with integrative approaches used in international research and devel-
opment, such as “ecosystem approaches to health” (Charron, 2011), there is
consensus that One Health is an approach or method of practice that recognizes
linkages among human, animal, ecosystem, and economic domains in the context
of human health.

The One Health approach focuses on the dynamic interactions at the inter-
faces between multiple sectors that contribute to the expression of a public health
risk. In that interactive context, the approach becomes a tool for disease prevention
and control through more informed risk management, encompassing the separate
elements of identification, assessment, avoidance, and mitigation of the public
health risk. It is worth noting that One Health is bigger than the zoonotic infec-
tious disease issues described below, and incorporates socioeconomic, cultural,
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and community conditions (the social determinants of health), as well as individual
lifestyle and hereditary health factors.

The economic relevance of early and comprehensive intervention is often
overlooked, but can be significant. For instance, the direct economic impacts of
individual zoonotic disease events that have occurred over the past 15 years can
be in the billions (Figure A4-1).

Canada has been actively engaged in operationalizing the One Health concept
through the development of a community of practice by participating and sup-
porting international conferences encompassing the subject. The Public Health
Agency of Canada, recognizing the emerging value of the One Health para-
digm, hosted an Expert International Consultation on “One World One Health™:
from Ideas to Action,” March 16-19, 2009, in Winnipeg, Manitoba (http://www.
phac-aspc.gc.ca/publicat/2009/er-rc/index-eng.php). Many other major inter-
national meetings have helped define One Health, most recently, in November
2011, the High Level Technical Meeting on Health Risks at the Human—Animal—
Ecosystems Interfaces in Mexico City. Upcoming is a meeting scheduled for
February 2012 in Davos, Switzerland: Global Risk Forum One Health Summit
2012: One Health—One Planet—One Future.

One Health in relation to food safety has multiple dimensions, including
science and research, optimizing animal health and ecosystem health, and food
inspection and regulatory activities. In Canada work in this area is conducted by
several federal government agencies, such as the Public Health Agency of Canada
(surveillance, research, and epidemiology of food-borne illness), the Canadian
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Food Inspection Agency (animal health and food inspection), Health Canada
(food safety regulations and risk assessment), and Agriculture and AgriFood
Canada (food animal production). Canada’s provincial and territorial jurisdictions
have also started to embrace a One Health approach; for instance, Manitoba has
a primer on One Health and food safety and has developed an animal health and
food safety strategy for the future (‘“Protecting Animals, Food and People”), and
Québec has an animal health and welfare strategy (“One Health, Health for All”).
The Canadian academic sector is a critical contributor to the theme, particularly
its five veterinary colleges.

Science and research activities include surveillance, detection, and public
health risk assessment of nonhuman bacterial isolates, studies on the population
and environmental determinants of food-borne zoonoses, systems modeling of
the food chain to identify optimal points of intervention, development of inter-
vention strategies such as vaccines and bacteriophage products, and knowledge
translation for uptake by food production and processing workers. The activities
also include characterization of impacts of particular practices, such as the use of
antibiotics in commercial food animal production and its potential in giving rise
to antimicrobial resistance in bacteria pathogenic to humans.

Mechanisms of Antimicrobial Resistance

Resistance can be intrinsic, conferred by naturally occurring characteristics
of the bacteria, or acquired. Bacteria can acquire resistance through mutations of
preexisting genes or through transfer of resistance determinants from other bac-
teria (horizontal gene transfer). Horizontal transfer occurs much more commonly
than de novo development of resistance through mutation (White et al., 2008). It
is through horizontal gene transfer that resistance genes, alone or in groups, can
spread within bacterial populations and even to other bacterial species.

Resistance genes provide the molecular tools by which bacteria block or
oppose the mechanism of action of antimicrobials. Some genes allow bacteria
to physically modify their structure to evade drugs, while other genes express
enzymes to directly degrade the antimicrobial agent. In addition, resistance
mechanisms that are not specific to antimicrobial agents can also be present.
For example, cell pumps that allow bacteria to excrete environmental toxins and
prevent them from reaching harmful intracellular concentrations can also help
bacteria to resist the harmful effects of antimicrobials.

Not all antimicrobial-resistant bacteria are harmful, and resistance genes can
be found in nonpathogenic bacteria (Wright, 2007). However, these benign but
resistant bacteria may also pose a threat through the transfer of resistance genes
to pathogenic bacteria (Figure A4-2).
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Antimicrobial Usage and Resistance

Antimicrobial use (AMU) in animal and human populations is considered
to be the major driver of AMR emergence and persistence. Use of antimicrobials
exerts a powerful selective influence on bacteria, encouraging the survival and
propagation of resistant strains and influencing how quickly AMR develops.
Because different resistance genes are often clustered close together on the bacte-
rial genome, especially on transmissible genetic elements such as plasmids and
transposons, selection for resistance against one type of antimicrobial may also
co-select for resistance against other unrelated antimicrobials. In addition, use of
one antimicrobial can select for resistance to closely related antimicrobials (cross-
resistance). For example, in Europe, use of avoparcin, an antimicrobial growth
promoter used in food animals, has been linked with resistance to vancomycin,
an antimicrobial “of last resort” in human medicine (Kruse et al., 1999).

Genetic mechanisms leading to the development and maintenance of AMR
are complex. At one time, is was thought that AMR universally negatively im-
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pacted the fitness of microorganisms and that, by removing the selective pressure
imposed by antimicrobial usage, resistance genes would be selected against in
future bacterial generations. However, Wright (2007) identified several genetic
mechanisms that may be exceptions to this rule: resistance genes that increase fit-
ness, resistance genes that do not have a fitness cost, and compensatory mutations
that restore bacterial fitness. Finally, environmental factors may play a large role
in the persistence of “unused” antimicrobial resistance genes. Selection of genes
conferring protection against environmental stressors such as heavy metals and
biocides may also co-select for resistance genes (Alonso et al., 2001).

The genetic regulation of AMR is complex and not fully understood. Despite
our gaps in knowledge, prudent AMU and adherence to the principles of good
antimicrobial stewardship are recommended as key elements in a strategy directed
at preserving the efficacy of antimicrobials, particularly those that are very im-
portant to human and veterinary medicine.

A Holistic Consideration of AMR and Enteric Disease

Figure A4-3 depicts the complex interactions between enteric organisms,
animals, and humans, and the many determinants (socioeconomic, environmental,
and geopolitical) that affect these relationships. Antimicrobial-resistant bacteria
form the central component of our model. A number of different interactions can
be described using this model, some of which require greater insight into their
mechanisms and importance. For example, certain bacteria that cause disease in
animal hosts may not cause disease in people but may exchange genetic material,
including resistance genes, with human pathogens, causing community-acquired
and nosocomial infections (Guardabassi et al., 2004).

Enteric infections in people generally occur through fecal-oral transmission,
of which several risk factors can be identified: increased contact between humans
and animals, extended hospitalization, poor hygiene, consumption of improperly
handled and improperly cooked foods including meats, and ingestion of contami-
nated water. Prior treatment with antimicrobials can also increase an individual’s
susceptibility to infection by pathogenic bacteria through disruption of the normal
bacterial flora and by conferring a competitive advantage to resistant strains of
pathogens such as Salmonella (Barza and Travers, 2002).

Previous infections with resistant bacteria can also predispose individuals
to future resistant infections and disease. As seen in Figure A4-3, an individual
may be infected with a commensal bacterium carrying resistance genes. Mainte-
nance of resistance within the individual may occur through colonization of the
gastrointestinal tract with this commensal bacterium or via horizontal transfer to
gut flora as shown in the diagram. If this same individual is later infected with a
pathogenic bacterium, then resistance may be transferred to this pathogen through
horizontal transfer from the gut flora.
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Implications on Global Health

A number of provincial and national reports, including the 2002 Walkerton
Commission of Inquiry (Government of Ontario) and the 2004 Renewal of Public
Health in Canada report (Government of Canada), have advocated for a holistic
approach toward understanding enteric disease. This type of approach is especially
useful given the complexity of enteric disease and its importance as a global health
issue. AMR also has serious implications for global human and animal health.

AMR impairs our ability to treat infectious diseases and endangers the long-
term efficacy of antimicrobial drugs available to human and veterinary medicine.
Not only are infections caused by resistant bacteria more difficult and more
expensive to treat, but also the longer duration of infection may increase disease
shedding and spread. AMR thus has important effects on the pathogenicity and
epidemiology of zoonotic bacterial agents.

Along with its global health implications, the emergence of resistant bac-
teria may have broad economic effects. Weakened public confidence over the
safety of agricultural commodities, potential inclusion of AMR bacteria as a
product adulterant leading to recalls, and changes to consumer buying patterns
are major economic concerns to agricultural industries. At the patient level, AMR
may reduce the efficacy of certain antimicrobials and thereby increase the cost
of infection (e.g., longer hospital stays and changes in AMU for disease treat-
ment and prevention) in people and animals. As discussed by Foster (2009), the
economic burden of AMR may be most dramatic in developing nations because
of the higher expense of second- or third-line drugs, and the lack of diagnostic
capacity to detect resistance early, which may result in treatment failures and
complications in antimicrobial selection.

Developing solutions to AMR and enteric disease requires synthesis of
knowledge and analysis of data at the local, national, and global scales. Factors
such as agricultural land-use patterns, attitudes toward antimicrobial usage, and
the nature and extent of interactions between people and animals can have major
effects on the development of AMR at the local and national levels. However,
these local influences may also have global significance. Global interactions of
people, animals, and animal products mean that AMU and the accompanying
regulations in one country can affect the efficacy of a particular antimicrobial in
another. Similarly, the global epidemiology of enteric pathogens is important
in understanding the local burden of enteric disease. For example, it was estimated
that 30 percent of all enteric disease cases at a sentinel site in Ontario, Canada,
in 2008 were associated with international travel (Government of Canada, 2009).

Application of a Holistic Approach to
Zoonotic Bacterial Infections and AMR in Canada

The Public Health Agency of Canada supports two complementary surveil-
lance programs that together provide a holistic approach to AMR and enteric
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disease (Figure A4-3): (1) the Canadian Integrated Program for Antimicrobial Re-
sistance Surveillance (CIPARS) and (2) the National Integrated Enteric Pathogen
Surveillance Program (C-EnterNet). Both were modeled after similar programs in
other countries: NARMS (United States) and DANMAP (Denmark) for CIPARS
and FoodNet (United States) and OzFoodNet (Australia) for C-EnterNet. The two
Canadian programs generate and collect data that contribute to our understand-
ing of the transmission of zoonotic bacteria, risk factors for infection, and the
drivers of AMR and AMU. As surveillance systems, their ongoing and systematic
designs allow for the identification of emerging trends and the ability to identify
the impacts of prevention and control measures adopted at the national, provin-
cial, and, occasionally, local levels in Canada.

Both programs also provide a research platform that aims to identify and
understand how livestock husbandry and production methods, water-borne routes
of exposure, wildlife, companion animals, exotic pets, and socioeconomic fac-
tors and high-risk human populations are affected by and contribute to zoonotic
bacterial infections and AMR.

While CIPARS performs epidemiological surveillance on AMR and AMU
through the generation and collection of nationwide data from farms, abattoirs, re-
tail stores, and both human and animal diagnostic health laboratories, C-EnterNet
performs epidemiological surveillance on enteric pathogens at intensively sampled
local sentinel sites (currently one site in Ontario and one in British Columbia).
Like CIPARS, C-EnterNet collects data at the level of the farm, retail store, and
human community (via epidemiological and laboratory data on human cases in
partnership with the local public health unit). C-EnterNet also performs envi-
ronmental surveillance by collecting and testing untreated water samples. This
parallel testing is critical to understanding the complex system of food and water-
borne disease transmission. Results from both programs are publicly accessible
through the Public Health Agency of Canada website as well as through annual
reports and newsletters.

The epidemiological strength of CIPARS lies in its breadth of surveillance
at major points along the farm-to-fork continuum. These data allow for temporal
and spatial analyses of provincial and national trends in bacterial recovery and
AMR. This is best demonstrated with the recent study of Salmonella Heidelberg
and ceftiofur resistance (see the section titled Success Within CIPARS: A Case
Example). While CIPARS is most effective at studying trends at broad scales,
C-EnterNet’s value is in its ability to detect subtle epidemiological effects that
may only be captured at the local level. In addition, it is one of the only systems
that can delineate endemic versus travel-acquired human infections (see the
section titled Success Within C-EnterNet: A Case Example). The sentinel-site
surveillance approach provides rich data that would be cost-prohibitive to collect
across all of Canada. But, by understanding sentinel populations, the information
can be used to determine the predominant sources of enteric pathogens causing
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infection and the risk factors (including individual behaviours) that contribute to
the burden of enteric illness.

It is important to recognize the unique operational aspects of both CIPARS
and C-EnterNet and their complementary nature. Having two different but linked
surveillance models that encompass different scales is essential in providing a
comprehensive look at the specific risk factors associated with AMR and enteric
disease. When considered together, both programs provide a holistic picture of
the complex relationships between enteric pathogens, the environment, and the
health of humans and animals.

Success Within CIPARS: A Case Example

Recent analysis of CIPARS data identified a link between ceftiofur (an anti-
microbial of high importance to human medicine) usage in poultry and ceftiofur-
resistant Salmonella Heidelberg isolates obtained from people and chicken meat
in Québec (Dutil et al., 2010), as shown in Figure A4-4. Because S. Heidelberg
is a common serotype that infects and can cause disease in people, this finding
had important human health implications.

Communication of this information led to a voluntary ban on the use of
ceftiofur in 2005, and the ongoing collection of surveillance data provided the
opportunity to follow trends in human and animal infection and in AMR. The
findings from this work have provided strong evidence pointing toward chang-
ing patterns in AMU affecting clinical bacterial resistance in human and animal
isolates. This study has been used to inform policy on the appropriate use of this
antimicrobial and is helping to guide physicians and veterinarians in their selec-
tion of appropriate antimicrobials and how these drugs are dispensed.

Success Within C-EnterNet: A Case Example

The C-EnterNet program recently looked at 1,773 reported cases of disease
caused by enteropathogens such as Salmonella, Campylobacter, and verotoxigenic
Escherichia coli in Sentinel Site 1 (Region of Waterloo, Ontario) (Ravel et al.,
2011). C-EnterNet and its local public health partners found that more than one in
four reported cases of enteric infection were related to travel, including 9 percent
involving new immigrants. The most popular destinations of the patients studied
were the Caribbean, Latin America, and Asia.

The finding illustrates that travel-related cases of diseases caused by enteric
pathogens represent a significant proportion of the burden of total diseases in
Canada. These results will help to delineate domestically acquired infections from
those acquired abroad. In the One Health framework, this will help target more
effective prevention and control measures domestically, considering a broad suite
of pathogens and the complex routes of transmission.
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Conclusions and Key Policy Implications

The global, transdisciplinary, multiscalar, and multijurisdictional nature of
AMR and enteric disease highlights the utility of the One Health approach in
framing these health issues. One Health principles encourage public health prac-
titioners to engage and collaborate with stakeholders and to consider the numer-
ous socioeconomic, geopolitical, zoonotic, and environmental factors involved
in health issues (Figure A4-2). Veterinarians and physicians as well as other
human, animal, and ecosystem health professionals have important roles to play
in preserving the efficacy of our antimicrobials through leadership roles in disease
surveillance, AMU decision making, and health management decisions to prevent
disease. Communication and collaboration with farms, industry, veterinarians,
physicians, and other public health practitioners must be strengthened and is
emphasized as key to the success of the approach to AMR and enteric disease.

C-EnterNet and CIPARS have successfully operated for 7 and 10 years,
respectively. A large part of this success and the sustainability of these programs
can be attributed to ongoing collaborations with multiple stakeholders and the
flexibility of all the partners to adapt to changing needs and conditions. These
programs serve as a model for how government agencies can address, in an inte-
grated fashion, urgent problems and issues that cut across multiple departments
and jurisdictions.

Acknowledgments

This article is based, in part, on one of 31 case studies included in One Health
for One World: A Compendium of Case Studies, edited by David Waltner-Toews,
Veterinarians without Borders/Vétérinaires sans Frontieres—Canada, April 2010
(accessed on November 22, 2011, at http://www.vwb-vsf.ca/english/documents/
OHOWCompendiumCaseStudies_001.pdf). This compendium was commis-
sioned by the Public Health Agency of Canada (PHAC) and presented by PHAC
and the United Nations System Influenza Coordinator at an Inter-ministerial
Meeting of the International Partnership on Avian and Pandemic Influenza in
Hanoi, Vietnam, in April 2010.

References

Alonso, A., P. Sanchez, and J. L. Martinez. 2001. Environmental selection of antibiotic resistance
genes. Environmental Microbiology 3(1):1-9.

Barza, M., and K. Travers. 2002. Excess infections due to antimicrobial resistance: The “Attributable
Fraction.” Clinical Infectious Diseases 34(Suppl. 3):S126-S130.

Charron, D. F. (editor). 2011. Ecohealth research in practice: Innovative applications of an ecosystem
approach to health. New York: Springer/Ottawa, ON: International Development Research
Centre.

Copyright © National Academy of Sciences. All rights reserved.



Improving Food Safety Through a One Health Approach: Workshop Summary

188 IMPROVING FOOD SAFETY THROUGH A ONE HEALTH APPROACH

Dutil, L., R. Irwin, R. Finley, L. K. Ng, B. Avery, P. Boerlin, A.-M. Bourgault, L. Cole, D. Daignault,
A. Desruisseau, W. Demczuk, L. Hoang, G. B. Horsman, J. Ismail, F. Jamieson, A. Maki,
A. Pacagnella, and D. R. Pillai. 2010. Ceftiofur resistance in Salmonella enterica serovar
Heidelberg from chicken meat and humans, Canada. Emerging Infectious Diseases 16(1):48-53.

Foster, S. D. 2009. The economic burden of resistance in the developing world. In Antimicrobial
resistance in developing countries, edited by A. Sosa and D. K. Byarugaba. New York: Springer
Science & Business Media.

Girard, M. P, D. Steele, C.-L. Chaignat, and M. P. Kieny. 2006. A review of vaccine research and
development: Human enteric infections. Vaccine 24:2732-2750.

Government of Canada. 2004. Learning from SARS: Renewal of public health in Canada. Ottawa,
ON: Health Canada.

Government of Canada. 2009. C-EnterNet Short Report 2008. Guelph, ON: Public Health Agency
of Canada.

Government of Ontario. 2002. Report of the Walkerton Inquiry: A strategy for safe drinking water.
Toronto: Ontario Ministry of the Attorney General.

Guardabassi, L., S. Schwarz, and D. H. Lloyd. 2004. Pet animals as reservoirs of antimicrobial-
resistant bacteria. Journal of Antimicrobial Chemotherapy 54:321-332.

Jones, K. E., N. G. Patel, M. A. Levy, A. Storeygard, D. Balk, J. L. Gittleman, and P. Daszak. 2008.
Global trends in emerging infectious diseases. Nature 451(7181):990-993.

Kruse, H., B. K. Johansen, L. M. Rgrvik, and G. Schaller. 1999. The use of avoparcin as a growth
promoter and the occurrence of vancomycin-resistant enterococcus species in Norwegian poul-
try and swine production. Microbial Drug Resistance 5(2):135-139.

Newcomb, J., T. Harrington, and S. Aldrich. 2011 (unpublished). The economic impact of selected
infectious disease outbreaks.

Ravel, A., A. Nesbitt, B. Marshall, N. Sittler, and F. Pollari. 2011. Description and burden of travel-
related cases caused by enteropathogens reported in a Canadian community. Journal of Travel
Medicine 18(1):8-19.

Thomas, M. K., S. E. Majowicz, F. Pollari, and P. N. Sockett. 2008. Burden of acute gastrointestinal
illness in Canada, 1999-2007: Interim summary of NSAGI activities. Canada Communicable
Disease Report 34(5):8-13.

White, J. R., P. Escobar-Paramo, E. F. Mongodin, K. E. Nelson, and J. DiRuggiero. 2008. Extensive
genome rearrangements and multiple horizontal gene transfers in a population of Pyrococcus
isolates from Vulcano Island, Italy. Applied and Environmental Microbiology 74(20):6447-6451.

WHO (World Health Organization). 2008. The global burden of disease: 2004 update. http://www.who.
int/healthinfo/global_burden_disease/GBD_report_2004update_part2.pdf (accessed June 26,
2012).

Wright, G. 2007. The antibiotic resistome: The nexus of chemical and genetic diversity. Nature
5:175-186.

Copyright © National Academy of Sciences. All rights reserved.



Improving Food Safety Through a One Health Approach: Workshop Summary

APPENDIX A 189
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OVERVIEW OF THE GLOBAL FOOD SYSTEM: CHANGES OVER
TIME/SPACE AND LESSONS FOR FUTURE FOOD SAFETY

Will Hueston'%'! and Anni McLeod'®

Food systems emerged with the dawn of civilization when agriculture, includ-
ing the domestication of animals, set the stage for permanent settlements. Inhabit-
ants could grow more crops and raise more animals than necessary to feed those
who tended them. This changed human culture; unlike earlier hunter-gatherers,
agriculturalists did not need to be in constant motion to find new sources of food.
Cultivating grain allowed for drying and storage of some of the harvest for later
consumption. Different grain cultures emerged in each of the cradles of civiliza-
tion: maize in Mexico, rice in China, and wheat and barley in the Middle East.
The ability to produce a surplus of grain also set the stage for the development
of art, religion, and government.

Since agriculture began, food systems have constantly evolved, each change
bringing new advantages and challenges and ever-greater diversity and com-
plexity. This paper looks backward to the drivers of change and forward to the
challenges faced by producers, consumers, and policy makers of tomorrow.

Changes Over Time and Space

The emergence of city-states has been a major driver of food system changes,
bringing together large populations within defined boundaries and requiring
complex governance to deliver sufficient quantities and quality of food. Advances
in food storage, with sealed containers and curing methods, the use of animal
transport, sailing ships, and trains to move larger volume than can be carried by
individuals; trade in ingredients like salt as well as live animals and agricultural
products; and increasing political and military conflict for resources all have been
developments of the city-state. Extensive trading routes have existed for salt,
spices, tea, and pepper for thousands of years.

The Iron Age and the Roman Empire brought expanding empires and the
beginning of global food systems, including regional specialization in products
traded throughout empires. Food systems began to be organized on a grand scale
to feed larger cities and fuel local economies. Trade networks for grain, nuts, oils,
fruit, and wine developed using both road systems and sailing routes. Standard-
ized weights and measures were established along with the expansion of money
and accounting.

10 Global Initiative for Food Systems Leadership.
1 College of Veterinary Medicine and School of Public Health University of Minnesota.
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The Middle Ages saw the emergence of the merchant class and banknotes.
Prior to the Middle Ages, selling was considered a task for one of the lower
classes of civilization, if not a sin. The equestrii in Roman times did the trad-
ing, not the citizens of Rome. The Middle Ages also saw banknotes replacing
coinage, first with the Song dynasty in China and then later in Europe around
1661. As a wealthy class emerged, they became more sophisticated in their food
preferences. The resulting demand of consumers began to affect trade in addi-
tion to supply.

Science and technology represent another major driver, changing the way that
food is grown, processed, preserved, and transported. The Industrial Age brought
a transition from manual labor and draft animal-based economies to machines.
Further increases in agricultural productivity brought about by technology such
as the seed drill, the iron plow, and the threshing machine freed up labor for
the factories in the 1700s. The Industrial Revolution also created per-capita
income growth. The emerging middle class had discretionary income to spend
on its food preferences. Transportation breakthroughs were ushered in during
the industrial age: canal systems, improved roadways, steam engines used for
traction, railroads, and steamships. The Erie Canal, as an example, connected
the Great Lakes and the northeastern United States with 363 miles of inland
waterways by 1825.

Food preservation, important to both storage and transport of food, also
changed over time. Drying was one of the early food preservation methods, cer-
tainly known in ancient times. Fermentation also was an early method of food
preservation, with pasteurization applied to wine in China as early as 1117. Salt-
ing of food has been used for at least 500 years, beginning when the fishing fleets
from Europe used drying and salting to store fish caught in Newfoundland and
the Grand Banks in order to get them back to consumers in Europe.

Two preservation methods, canning and freezing, allowed food to be stored
and transported in an almost-fresh state. Canning grew out of military research in
1810. Ice storage was developed in northern climates where ice could be cut from
lakes in the winter for use later in the year. Commercial refrigeration followed in
the 1800s. The first refrigerated ship, the SS Dunedin in 1882, revolutionized the
meat and dairy industries in Australia and New Zealand. Refrigerated and frozen
food products now could be traded globally.

The 20th century saw intensification of agricultural production with mecha-
nization of planting and harvesting, selective breeding of animals and plants, and
more attention to animal nutrition and feed input costs. Increased scale of produc-
tion drove down the per-unit cost of products and fostered greater specialization
in food systems. Advances in plant and animal disease control also helped, such
as the movement of pigs and poultry indoors to decrease disease exposure and to
enhance efficiency by controlling the environment.
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Colonization and war have been important political influences on food systems,
the first creating distributed ownership of food systems and the second highlight-
ing a need for global agreements. Colonialism allowed for population growth of
the industrialized countries when there were limited domestic opportunities to
create employment or to grow food. Settler colonies captured market opportuni-
ties for the colonizing country’s exports and provided import sources for raw
materials, including food and food ingredients.

Trade underwent dramatic changes in the 20th century as a result of the two
world wars. The war-associated food shortages, economic crises, and disease
spread set the stage for global trade agreements and organizations designed
to address global public good issues. The 1947 General Agreement on Tariffs
and Trade was created to reduce tariff-based trade barriers and to prevent the
downward spiral of world trade seen in the Great Depression from 1929 to 1933.
Monthly trade dropped from $3.0 billion in January 1929 to $0.9 billion in March
1933 as protectionist measures reduced trade worldwide (Personal communica-
tion, Christiane Wolff, World Trade Organization, March 2012).

Supply-driven to demand-driven Until the 20th century many countries had
supply-driven economies, where policies favored increased agricultural produc-
tion to ensure adequate domestic supplies of basic feedstuffs. Increasing the
supply and reducing the costs of food were politically popular national priorities.
Food self-sufficiency was a powerful motivation, especially for countries that had
experienced food shortages in the past. Countries that exceeded domestic demand
used export markets and food aid programs to deal with the excess.

Rising discretionary incomes in Europe and North America in the 20th cen-
tury impacted food demand and global food trade. Rising consumer demand for
chicken drove the development of the broiler industry, but, as marketing moved
from whole birds to parts such as leg quarters or breasts, demand disequilibrium
resulted. For example, many Americans prefer white meat and do not eat chicken
feet, while in other parts of the world people prefer dark meat and consider
chicken feet a delicacy. Global food trade provided an opportunity to sell the
parts of animals for which there is little or no domestic demand. One reason that
the developed world enjoys relatively inexpensive food is the ability to market
commodities and specialized products worldwide.

Food systems are dynamic and ever changing in response to natural forces
(e.g., weather), demographics (e.g., emergence of megacities), economics (e.g.,
currency values), technological advances in processing (e.g., high pressure pas-
teurization), entrepreneurism (e.g., development and marketing of new products),
and consumer preferences (e.g., locavores). Every country in the world produces
some of its own food and trades food. As a result of these constant changes, food
systems are increasingly complex, as adding to the challenge of assuring global
food safety.
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The Complexity of Current Global Food Systems
and Implications for Food Safety

Today’s food systems are diverse and complex, involving everything from
subsistence farming to multinational food companies. Everyone eats; therefore,
everyone relies on food systems, local and global. The movement of food and
food ingredients in food systems includes animals and animal products, plants
and plant products, minerals, and vitamins. The classic cheeseburger provides
an excellent example of the complexity of today’s supply chain. Researchers
at the University of Minnesota mapped the global supply chain of the cheese-
burger working with a large quick-service restaurant chain, Figures A5-1, A5-2,
and A5-3 tell the story. Figure A5-1 demonstrates graphically the movement
of different commodities from the farm through processing to the restaurant.
Figure AS5-2 lists all the ingredients found in this company’s cheeseburgers
and Figure A5-3 provides an idea of the variety of companies supplying key
ingredients like vinegar, garlic powder, tomatoes, beef, and wheat gluten. Each
cheeseburger includes more than 50 ingredients sourced from countries in every
continent of the world except the Arctic.

Global Supply Chain Complexity

NATIONAL CENTER FOR
©2009 National Center for Food Protection and Defense. All rights  FOOD PROTECTION AND DEFENSE

reserved. Do not copy or distribute without permission of NCFPD. A HOMELANTY SECURITY CENTER OF EXCELLENCE

PRIMARY PRODUCTION » HARVEST » TRANSPORTATION » STORAGE » PROCESSING » DISTRIBUTION » RETAIL/FOOD SERVICE » CONSUMER

FIGURE A5-1 Global supply chain complexity. Movement of commodities.
SOURCE: Shaun Kennedy, Director, National Center for Food Protection and Defense,
University of Minnesota.
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FIGURE A5-2 Global supply chain complexity. Ingredient list.
SOURCE: Shaun Kennedy, Director, National Center for Food Protection and Defense,
University of Minnesota.

Food processing supplies also move globally and include processing equip-
ment, packaging, and chemicals such as disinfectants and preservatives. Agricul-
tural inputs move too, from feed to fertilizer, to vaccines and pharmaceuticals, to
planting and harvesting equipment. As agricultural commodities are combined
with other food ingredients to create processed foods, individual food items com-
monly include ingredients from multiple countries. The increasing consumer de-
mand for “ready-to-eat” foods has fueled the growth of quick service restaurants
and fully cooked, frozen dishes that only require reheating, further expanding
supply chains. Government regulatory systems and private-sector initiatives are
part of food systems, as are educational efforts and consumer actions.

Food systems are integrally related to food safety. Contamination can occur
at any point in the food system, and prevention and control strategies can be
implemented at any point. The scale and complexities of today’s food systems
contribute to the likelihood and magnitude of food-borne illness (Ercsey-Ravasz
et al., 2012). The more complex, the more opportunities for things to go wrong;
the larger the scale, the more people are potentially affected.

Complex food systems each involve interconnected subsystems that, taken
together, exhibit properties that are not predictable by the properties of the indi-
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SOURCE: Shaun Kennedy, Director, National Center for Food Protection and Defense,
University of Minnesota.

vidual subsystems or their parts. Food systems can be called complex adaptive
systems. These have no boundaries; individual actions affect the food systems by
what individuals produce and what they purchase. Complex adaptive systems have
a memory. While food systems change over time, present behavior is affected by
prior behavior. Food systems are nonlinear. A small perturbation in some part of
the system may have a large effect, a proportional effect, or no effect. And the
relationships of this system of systems have feedback loops. The adaptiveness and
nonlinearity of food systems mean that food safety problems are also nonlinear;
they can be anticipated but are hard to predict with accuracy or precision.

Feeding the world requires a multitude of systems. Each system is dynamic
and the food systems are interdependent; there is no one best system that meets all
needs. However, every success in improving the food system perturbs the whole
system of systems and changes the nature of the food safety problems.

Lessons for the Future

Looking at existing global food systems and predicated demands for food,
we can reasonably speculate the following over the next 10 to 20 years:
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1. Food systems will continue to change, although with additional drivers.
The drivers of urbanization, production and processing technology, trans-
port technology, and political forces that have played a large part in
shaping current food systems will continue to be relevant. Newer drivers
playing an increasingly important part are a real prospect of a global
population of 10 billion, aging populations changing the production and
consumption base, climate change leading to constraints on water sup-
plies, severe constraints on nonrenewable energy, and communication
technology.

2. Food systems will continue to shift from being supply driven to being
demand driven. The global quick service restaurant chains like McDonalds
and big-box retailers like Walmart have had an enormous impact on food
systems. Consumer groups demanding safety, fair trade, “green” pro-
duction, and animal welfare-related changes in production practices put
pressure on policy makers and retailers. The large processors are putting
pressure on the primary producers of plants and animals for assurances on
source, on identity preservation, on means of production, and on charac-
teristics like animal welfare and labor standards.

3. Increasing prominence of private standards. Successful completion of
the Uruguay Round of the multinational trade negotions under the frame-
work of the General Agreement on Tariffs and Trade included approval
of the Sanitary and Phytosanitary Agreement (SPS) in 1995 under a new
organization, the World Trade Organization (WTQO). The SPS established
a framework for international standards for trade in animals, plants, and
the products derived from them including food. More recently, coalitions
of companies are forming to standardize specifications for food products,
basically saying, “we can’t wait for the slow process of international
standards organizations.” An example is the Global Food Safety Initiative,
a nonprofit organization that benchmarks guidelines established by food
processors, retail, and food service against the international standards rec-
ognized by WTO. Food safety standards used by the large companies who
target premium market niches are often above and ahead of the minimum
demanded by legislation.

4. Panarchy. The term “panarchy” is used in systems theory to describe
systems interlinked in continual adaptive cycles of growth, restructuring,
and renewal (Gunderson and Holling, 2001). The increased growth in con-
nectedness and efficiency results in a lack of redundancy and at the same
time makes individual food systems less resilient, more sensitive to stress,
and therefore more susceptible to collapse. If subsystems within complex
food systems collapse, the result is systems with greater resiliency that
have fewer connections and less efficiency. And the cycle starts again.

Food systems have demonstrated adaptive cycles as they have evolved.
Many current food systems have evolved to a point where they are both
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complex and sensitive to stress, and the results of a collapse in a subsystem
can be wide-reaching. For example, the concentration of production of
an ingredient like a vitamin in a single company or country may be the
most efficient approach, but if a production problem ensues or a disaster
disrupts this supply chain, then all food processors using this vitamin as
a food ingredient are affected. They must either remove the vitamin from
their recipes or stop production because of lack of supply. Another example
is the proliferation of “just-in-time” supply chains. Instead of stockpiling
food supplies in warehouses, many large food retailers and food ser-
vices have worked with food manufacturers to establish these supply
chains. Real-time data on usage and inventories are provided directly to
the supplier on a regular basis to allow for customized shipments of only
those food products needed. If the supply chain is disrupted, there is very
little food in reserve. Many cities have less than 2 days’ supply of perish-
able food like milk and eggs on the shelves at retail outlets. People in
countries where systems regularly collapse have coping strategies: they
store food, water, and alternative energy at home. Many of those in large
modern cities do not. The urban poor have neither the finances nor the
storage facilities to store reserves of food.

5. Culture clash. Disconnects exist between origination and destination
countries because of differences in their cultures and differing levels of
economic development. While developed countries have emphasized the
importance of food safety and quality, less-developed countries may focus
on the opportunity for exports to generate foreign currency reserves. The
recent melamine incidents demonstrate economic adulteration in order to
achieve greater profit in domestic and international markets.

What Do One Health Approaches Have to Offer Food
Safety in the Context of Food Systems?

Food safety is a “wicked problem.” We cannot completely understand the
challenge; it is too complex. And yet food safety is compelling: people are get-
ting sick and dying every day as a result of unsafe food and water. We must take
action, and we recognize that every action we take perturbs the very food systems
we are working to improve. The so-called wicked problem reflects the condition
of a complex adaptive system.

If One Health is taken to imply holistic and multidisciplinary approaches to
complex challenges (e.g., wicked problems), then a One Health approach offers
the possibility of new perspectives on safety in food systems and new ways of
working. It implies systems thinking, shared leadership, a holistic view, and a
multifaceted approach.

Is this back to the future? The World Health Organization (WHO) defini-
tion of health in 1948 was quite broad: “Health is a state of complete physical,
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social, and mental well-being, and not merely the absence of disease or infirmity.”
However, the public health implementation of food safety focus often is limited
to prevention and response to infectious diseases rather than a more holistic
approach to food safety as an element of food security (availability, access, and
nutrition as well as safety). More recently, the Food and Agriculture Organiza-
tion and the WHO have developed a much broader definition of food safety: “All
the conditions and measures necessary during production, processing, storage,
distribution, and preparation of food to ensure that it is safe, sound, wholesome,
and fit for human consumption.”

Successfully applying One Health approaches to food safety requires a sound
understanding of the dynamics of food systems. Food safety must be addressed
in a systemic manner rather than an ad hoc approach driven by reaction to crises.
These One Health approaches have implications for what we record, measure,
and analyze in food systems and how we share information about potential food
safety problems as well as existing crises.

One Health approaches also require a new leadership model that is adaptive
and shared, matching the adaptive nature of food systems and the many ways they
are controlled and influenced. Five skill sets for adaptive leaders were identified
by a small international working group at a session in Bellagio, Italy, sponsored
by the Rockefeller Foundation: communications; getting things done and ac-
complishing change; working across boundaries, whether disciplinary, sectoral,
or political; influence; and vision and strategy.

Applying these skills sets encourages a move from finger-pointing to shared
leadership. It provides space to accept the fact that food-borne disease happens
and will happen. Food safety programs are not always somebody’s fault. After
all, “safe food” is an oxymoron. All food has risks and yet “safe” implies the
absence of risk. Food systems can either contribute to the risks or be designed
to help manage the risks. The very complexity of food systems also means that
an infinite number of risk-management strategies are available, if we are only
creative enough.

Incremental progress on complex food safety problems may also require a
new model of partnership that engages producers and the food industry along
with government. We do not have an ideal model for partnership or shared
leadership, but several initiatives in fisheries and foods are trying to find or build
models, and so are others outside of the food sector. A new partnership model
would include a value proposition to engage industry (examples are beginning
to emerge around agriculture and environment, where there is no alternative but
for government and the private sector to work together) and a more flexible and
realistic regulatory system. The idea of zero tolerance makes no scientific sense
(zero risk is unachievable) and contributes to the very high levels of waste in
U.S. food supply chains (e.g., supermarkets in the United Kingdom are moving
to changes in the “use by” label to provide more flexibility in home-freezing,
which is anticipated to reduce waste in kitchens with no reduction in food safety).
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What Comes Next?

We have proposed a One Health approach that would match the complex,
adaptive problems of food safety with shared, adaptive, and holistic problem
solving that considers the entire food system. However, an approach is of little
use while it remains on paper. The next challenge is to find a complex, subtle,
pervasive, and wide-ranging food safety problem that will require adaptive lead-
ership, partnerships, and a wide scope of action—the problem of mycotoxins is
excellent example—and put the food systems community to work on it.
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A6

THE AUSTRALIAN PERSPECTIVE, THE BIOSECURITY CONTINUUM
FROM PREBORDER, TO BORDER AND POSTBORDER

Martyn Jeggo'?

Executive Summary

Biosecurity is of considerable importance to Australia and managing bio-
security risks through a One Health approach offers many attractive advantages.
To date most of the international effort has been focused on adopting a One
Health approach from the perspective of infectious diseases and the need to bring
together multidisciplinary teams to most effectively understand and mitigate the
risks. Central to understanding the skills and knowledge that are required is an
appreciation that many recent outbreaks of infectious diseases arise in wildlife,
create disease in livestock, and subsequently go on to cause infection in humans.
While the drivers for this emergence are still not fully elucidated, a number of
key factors play a part, including climate change.

While there are clear differences between the approaches to food safety
versus infectious disease management, there is still the basic gain to be made
by attacking the risks through reducing likelihood rather than addressing the
consequences. This key concept underpins the approach undertaken in Australia,

12 Director, Australian Animal Health Laboratory, Geelong, Australia.
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where biosecurity activities, preborder, at the border, and postborder, focus on
early detection and rapid response. While the approach recognizes the continuum
from pre- to postborder, resource allocation is currently being reviewed to ensure
an appropriate balance for effective risk mitigation.

Underpinning the Australian biosecurity strategy is the recognition of the
value of a One Health, multidisciplinary approach. There is a current awareness
that much needs to be done to ensure that the maximum value is achieved from
this approach and that a “business-as-usual” mentality does not prevail. Fortu-
nately for Australia, the recent management of Hendra outbreaks in Queensland
and New South Wales has provided an excellent example of the gains that can be
made through a One Health approach. Similar examples need to be developed in
the food safety arena.

Introduction

Biosecurity is the protection of the economy, the environment, social
amenity, or human health from the negative impacts associated with the entry,
establishment, or spread of animal or plant, pests and diseases, or invasive plant
and animal species (Beale et al., 2008). Australia has an enviable biosecurity
position having been free of many of the infectious diseases that infect livestock
in most other parts of the world. Built on the “island status,” Australia has for
many years maintained a stringent import policy around plants, livestock, and
agricultural products to ensure the protection of this status. Australia has con-
sistently adopted a precautionary policy, although international trade regulations
(OIE, 2011) attempt to ensure that fair trading practices exist in the international
agricultural marketplace. Notwithstanding this, the risks continue to increase and
disease outbreaks are an unfortunate regular event. Recognizing this, the focus
remains on early detection linked to a rapid and effective response. Eradication
is the preferred option but not always achievable, particularly in the plant sector.
Here a policy of containment is adopted that seeks to limit spread and reduce the
impact on both productivity and the environment.

A number of frameworks have been developed to better enable the Australian
biosecurity strategy. These include not-for-profit companies providing a frame-
work for industry and government to work in partnership, such as Animal Health
Australia (AHA, 2011a) and Plant Health Australia, agreed on plans for how to
deal with outbreaks and agreed on processes for who will pay for what in the face
of a major disease incursion (AHA, 2011b). Mostly developed for the livestock
sector, this approach is now being applied to both the plant and environmental
sectors.

There is a growing appreciation that the risks being addressed now encom-
pass environment and human health as well as animals and plants. In order to
effectively manage these risks, a One Health approach has much to offer.
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The One Health Concept

One Health as a concept emerged some 10 years ago and has gained increas-
ing acceptance as a process for addressing a range of issues involving environ-
mental, animal, and human health (Leboeuf, 2011). Although there are many
definitions of One Health, the current focus remains around emerging infectious
disease (EID) and recognizes that 75 percent of EID in humans arise from ani-
mals, and in large part, from wildlife, often spilling over first into domestic live-
stock and then infecting humans (Woolhouse and Gowtage-Sequeria, 2005). This
also includes the emergence of diseases affecting food safety and food security. A
full understanding of these processes and the development of mitigating strategies
to reduce the threats from EIDs will require input and engagements from people
with a diverse set of skills and a range of disciplines (Vallet, 2009).

The emergence of disease requires an interaction between the pathogen,
the host, and the environment. Understanding these interactions and developing
effective mitigation strategies requires a complex of One Health disciplines. In
the case of pathogen influences these involve such areas as quasispecies variation,
genetic recombination, host/vector adaptation, tissue tropism, virulence deter-
minants, and latency or persistence. For host influences it is necessary to under-
stand reservoir host spillover, the range of intermediary hosts, various aspects of
vector competence, the susceptible host range, the pathogenesis of the disease
in different hosts, and the potential range of immune responses. In looking at
the impact of anthropogenic influences it is important to appreciate the broader
issues of globalization, urbanization, land-use changes, cultural changes, and
regional and global conflicts. Finally in terms of geophysical influences, climate
change and variability link to extreme weather events are critical (Cutler et al.,
2010; Rushton, 2009; Wolfe et al., 2007).

The One Health approach strives to bring these many sciences and disci-
plines together to provide the best possible solution to health risk management.
Presently much is being done at both the national and international levels to
create effective One Health partnerships with the first One Health International
Congress being held in 2011 in Melbourne, Australia (Ecohealth, 2011). Despite
these efforts, few examples exist of real success, and it may require more drastic
organizational changes to achieve the cultural changes needed to deliver the
anticipated value and impact from a One Health approach.

Infectious Diseases Versus Food Safety

Ensuring the safety and quality of Australian foods within an integrated
national biosecurity system is a current challenge for Australia. Although much
has been done on characterization of food-borne hazards, on analysis of through-
chain risks and the continual development of innovative risk management strate-
gies, the approach is principally post-farm gate. In Australia these differences in
infectious disease management versus food safety (Table A6-1) highlight areas
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TABLE A6-1 Major Differences to Risk Management of Infectious Diseases
Versus Those Associated with Food Safety Issues

Infectious Diseases Food Safety

Focus on effects of disease on host Focus on impacts on humans

Includes risk prevention as well as response (e.g.,  Focus on post-farm gate response (but clearly
mainly on farm) changing)

Looks also at treatment in host (e.g., vaccination) Looks at treatment of risk product

Driven by government and primary product Driven by product processers and retailers
producers (e.g., farmers)

Historically major outbreaks have driven change Large events unusual and more about
consumer impact

for a rethink and to consider how these two sectors can learn from each other.
Central to this will be the application of the One Health principles.

Biosecurity Risk Management and the Biosecurity Continuum

The process of risk management for infectious diseases is concisely docu-
mented by the World Animal Health Organization (OIE) (Williberg, 2011) but
can be simply considered in terms of the likelihood of a hazard occurring and
the consequences if such an event did happen. In considering the likelihood,
how the disease spreads and the survival of the pathogen are major components,
but for the newer emerging infectious diseases understanding emergence and
host switching are critical issues. Indeed, as an appreciation is gained of the
emergence of pathogens from a wildlife reservoir into a livestock species and
the subsequent potential to cause disease in humans, it becomes crucial to better
understand those drivers that lead to a host switch.

On the consequence side of the risk profile, it is important to not only
understand the process of disease in the affected host but also to appreciate this
in terms of production and trade losses and the potential risks to humans and
the environment. This expanded perception of the impact of disease lends even
further credence to the concept of a multidisciplinary or One Health approach in
managing effectively these consequences.

Australia has studied carefully the most effective approach to managing the
risks from infectious disease and has come to the clear conclusion that the great-
est return on investment lies in prevention and eradication rather than contain-
ment and allowing endemicity (see Figure A6-1).

It thus concludes that it is necessary to understand the risks for emergence
and to tackle these directly to reduce or eliminate these risks. This approach,
however, will never be 100 percent effective, and thus some resources will need
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to be allocated to consequence management but at a level that appreciates the
lower risk if likelihood is significantly reduce