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ABSTRACT

Emerging hazards in the United States and global food supply were discussed in a January 201 |
conference focusing on antibiotic-resistant (ABR) and Shiga-toxin producing Escherichia coli (STEC)
pathogens. Current scientific findings and policies, public health implications, and risk management
approaches related to the control of these pathogens in the food supply were reviewed. Invited
experts explained and assessed universal risk management tools for addressing food safety issues
and described current approaches and research needs. Attendees deliberated on food safety matters
related to ABR and STEC pathogens that require further scientific study and regulatory action. For
both ABR and STEC pathogens, specific recommendations for risk management strategies, tools,
policies,and research needs are given based on the comments from attendees. The conference did not
attempt to arrive at consensus on the issues. Pathogens in the food supply linked to environmental
contamination and food-animal husbandry practices have emerged as public health hazards requiring a
comprehensive, collaborative,and multi-layered response. When problems are documented through
surveillance systems, effective public health protection requires implementation of control measures
at multiple points along the farm to fork continuum.
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INTRODUCTION

Emerging pathogens in the food
supply are a growing concern for the
public, the scientific community, and
policymakers. In addition to well-known
food safety hazards such as Escherichia
coli O157:H7, Salmonella, and List-
eria monocytogenes, consumers and the
public health community must now
grapple with the consequences of a host
of new pathogens and strains. For ex-
ample, in 2011, a foodborne outbreak
occurred in Germany that was caused
by a rare strain of multi-drug resistant
E. coli O104:H4—a pathogen apparent-
ly resulting from a transfer of virulence
determinants between a human and an
animal pathogen (13). The outbreak re-
sulted in over 4,000 illnesses worldwide,
including more than 900 hemolytic
uremic syndrome (HUS) cases and 50
deaths (58).

Also in 2011, a multistate outbreak
of Salmonella Heidelberg infections as-
sociated with ground turkey sickened
at least 129 people in the United States,
with one death reported (8). The out-
break strain was resistant to tetracycline,
streptomycin, ampicillin, and gentamycin
(8)—drugs whose use in turkey pro-
duction and resultant resistance of
S. Heidelberg had been reported prev-
iously (31, 33). These recent out-
breaks are evidence of the public health
challenge of protecting the food supply
from contamination by antibiotic-resist-
ant (ABR) pathogens and Shiga toxin-
producing E. coli (STECs). While each
type of pathogen has a distinct natural
history, controlling them will require
the implementation of risk management
improvements at multiple levels and
enhanced surveillance to better protect
public health.

STEC:s are a form of E. coli bacte-
ria that can cause illnesses ranging from
mild intestinal disease to severe kidney
complications. Types of STECs include
E. coli O157:H7 and more than 100
other, less studied, non-O157 strains.
In October 2007, a U.S. Department
of Agriculture (USDA) Federal Regis-
ter Meeting Notice stated that there is
growing awareness that STECs other
than E. coli O157:H7 cause sporadic and
outbreak-associated illnesses, with the
number of non-O157:H7 STEC infec-
tions reported to the Centers for Disease

Control and Prevention (CDC) nearly
tripling over a five-year period (2000
to 2005) (42). CDC reported that non-
0157 STECs are emerging pathogens
that pose a significant health threat, with
newly recognized strains reported every
year (5). More recently, CDC analyzed
FoodNet data (2005 to 2008) and esti-
mated that non-O157 STEC illnesses
may occur nearly twice as frequently as
E. coli O157 illnesses (39).

Over 13 million kilograms (28 mil-
lion pounds) of antibiotics sold or dis-
tributed in the United States in 2009
were for use in food-producing animals
(48). Increases in ABR bacterial infec-
tions in the human population have
led to public health concerns regarding
the overuse and misuse of antibiotics in
food-animals—particularly in light of
research indicating that ABR bacteria
are transferred from food-animals to hu-
mans through the food supply (51).

On January 25, 2011, The Pew
Charitable Trusts and the Center for
Science in the Public Interest (CSPI)
convened a one-day conference in Wash-
ington, D.C.,, entitled Managing the Risk
of Foodborne Hazards: STECs and Anti-
biotic-Resistant  Pathogens. Participants
included 130 government, academic,
and industry experts who discussed the
current science, knowledge gaps, public
health implications, and practical solu-
tions related to the growing problems
of antibiotic-resistant pathogens and
emerging strains of STECs in the food
supply, but there was no attempt to pro-
duce consensus during the conference.
The conference featured overviews of the
topics, followed by short presentations
by a panel of experts and an open
dialogue. The following overview is
based on Pew and CSPI’s analyses of the
panels, discussions, and presentations.

EMERGING FOODBORNE
PATHOGENS: STECS

The STEC E. coli O157:H7 was
first recognized as a pathogen in 1982
during an investigation of hemorrhagic
colitis (36). Public awareness was height-
ened in 1993 after a multistate food-
borne E. coli O157:H7 outbreak linked
to undercooked ground beef sold by
a fast-food restaurant chain caused over
700 illnesses and four deaths. Today,
E. coli O157:H7 is broadly recognized as

a foodborne pathogen of public health
importance (36). CDC estimates that
more than 175,900 people become ill
from foodborne STECs (both O157 and
non-0O157 STECs) in the United States
each year (39). HUS associated with E.
coli infections is the most common cause
of acute kidney failure in children (32),
and affects one to nine percent of per-
sons infected with an STEC (18).

Since the first nationwide surveil-
lance effort for E. coli O157:H7 began
in the mid-1990s, reported incidence of
the pathogen has declined. The United
States reached its Healthy People 2010
objective for E. coli O157:H7, with
only one culture-confirmed case for ev-
ery 100,000 people (46). Even as the
United States has seen a reduction in hu-
man cases of E. coli O157:H7 infections,
there has been an apparent increase in
the incidence of non-O157 STEC infec-
tions. The top six non-O157 serogroups
that cause infections in the United States
(0103, O111, 0121, 0145, 026, and
045) have been associated with out-
breaks and severe illnesses, including
bloody diarrhea and HUS (16). Several
studies have linked these lesser known
STEC:s to the food chain. Ground beef
was implicated in 76 percent of the
E. coli O157:H7 cases and 58 percent
of the non-O157 cases in a Minnesota
study (79). In 2008, a private laboratory
conducted a nationwide convenience
sample survey of retail ground beef and
found that non-O157 STECs was more
commonly present than Salmonella in the
samples; specifically, of the 5,070 tests,
there were 96 confirmed positive results
for non-O157 STECs and 86 confirmed
results for Salmonella (27). A CDC review
of six outbreaks occurring between 1990
and 2008 identified fruits/nuts, dairy
products, leafy vegetables, and ground
beef products as vehicles for STECs (18).

Government policy and risk-
management options

USDA and FDA currently treat
E. coli O157:H7 as an adulterant sub-
ject to zero tolerance in any food; when
testing shows that the pathogen is pres-
ent, the food is subject to a government-
announced recall. As a result of a citi-
zen petition (28), USDA announced in
Sept-ember 2011 its intention to begin
testing for the top six non-O157 STECs,
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affirming them as adulterants in some
raw beef and prohibiting the sale of beef
containing those bacteria. Enforcement
is expected to begin mid-2012 (44).

The zero tolerance policy for E. coli
0157:H7 has led to implementation of
control systems that have resulted in sig-
nificant reductions in the rates of posi-
tive samples in ground beef production,
as demonstrated both by government
and industry testing programs (2).

Surveillance and epidemiology

Improving foodborne illness surveil-
lance and laboratory diagnosis to track
STECs will provide a clearer picture of
their true impact on the food supply
and public health. E. coli foodborne out-
breaks reported to CDC are most often
linked to the O157:H7 strain (18). In
the United States, non-O157 STECs are
rarely identified in foodborne outbreaks
or sporadic disease reports, though some
improvements made in reporting, sur-
veillance and laboratory testing has led to
a slight increase in non-O157 outbreak
detection and reporting since 2000.
Surveillance for most STEC:s is nascent:
while samples are routinely tested for
E. coli O157:H7 in 70 percent of lab-
oratories in FoodNet sites, only about
four percent of these laboratories tested
stool specimens for non-O157 strains in
2007 (18). In 2009, CDC recommend-
ed that all clinical laboratories routinely
test for Shiga toxin production in hu-
man stool specimens of the top six sero-
groups (026, 103, O111, O121, 045,
and O145) that account for the majority
of reported non-0157 STEC infections
(6). In addition, improvements in the di-
agnosis of STECs would produce more
robust data, but commercial diagnostic
tests are not readily available for human
diagnosis.

On-farm management strategies

On-farm controls are being evalu-
ated for use in managing the risks from
pathogenic E. coli strains. Some U.S.
companies are testing feed management
practices and the use of vaccinations in
live animals to reduce the number of
animals carrying E. coli O157:H7. It is
unclear if these approaches would also be
effective against other pathogenic strains

of E. coli (22, 45).

Despite disease-causing pathogens
originating in animals, many outbreaks
have occurred in produce items, indicat-
ing the possibility of cross contamination
on farms or in production facilities, re-
tail establishments, or consumers’ homes
(22). The agriculture sector’s involve-
ment is needed to make food safety and
awareness of STEC contamination and
prevention a higher priority for farmers
and consumers. FDA has the opportu-
nity to establish science-based standards
for the safe production of high-risk fruits
and vegetables with the adoption of the
FDA Food Safety Modernization Act.
These standards will govern soil amend-
ments, animals in the growing areas, and
water use—each of which can play a role
in cross contamination on the farm.

Processing management
strategies

USDA recently announced its intent-
ion to require meat processing compa-
nies to “test-and-hold” product, a process
in which USDA analyzes beef for patho-
gens and maintains control of the prod-
uct until negative results are confirmed
(43). In the wake of this announcement,
at least one major processor announced
the expansion of its own test-and-hold
protocol to include testing for non-
0157 STECs.

Driven in part by the government’s
zero tolerance policies, the meat industry
has identified a number of control strat-
egies used to manage E. coli O157:H7
that could also reduce the presence of
other pathogenic E. coli strains, such as
oxidizing treatments, thermal manipu-
lations, and use of organic compounds
in meat processing (2). Prevention and
reduction of contamination and of cross
contamination at the processing level is
essential to reduce the impact of STECs
in the food supply; however, government
programs are still developing strategies
for monitoring the industry control of
these pathogens.

Further research priorities

To investigate risk factors and trans-
mission of non-O157 STECs, descrip-
tive studies of outbreaks and reviews of
sporadic cases are needed. Case control
studies that investigate the clinical fea-
tures, patient outcomes, and potential

reservoirs by serotype and virulence pro-
file will enhance understanding of the
risk factors and pathogenicity of STECs.

EMERGING FOODBORNE
PATHOGENS:ANTIBIOTIC
RESISTANCE

In 2003, a panel of international
experts concluded that human health
is threatened by adverse consequences
from ABR pathogens resulting from
the use of antibiotics in food-producing
animals (56). These consequences include
infections that would not have otherwise
occurred, increased frequency of treat-
ment failures (including death), and
increased severity of infections (56).

Food-related outbreaks provide ad-
ditional evidence that resistant patho-
gens have contaminated the U.S. food
supply, resulting in adverse public health
outcomes. Since 1973, approximately
20,000 people have been affected by
35 well-documented food-related out-
breaks involving ABR pathogens (10). In
addition, it appears that the incidence of
multi-drug resistant pathogens is increas-
ing, as is the total number of ABR food-
borne outbreaks reported in the United
States.

The 2003 expert panel further con-
cluded:

“Evidence shows that the amount
and pattern of non-human usage
of antimicrobials impacts on the
occurrence of resistant bacteria in
animals and on food commodities
and thereby human exposure to
these resistant bacteria. The food-
borne route is the major transmis-
sion pathway for resistant bacteria
and resistance genes from food ani-
mals to humans, but other routes of
transmission exist” (56).

These conclusions are well sup-
ported by evidence spanning several
decades linking the emergence and
proliferation of ABR  Salmonella and
Campylobacter spp. in animal popula-
tions with antibiotic use in food-animal
production (17, 26, 40). In studies com-
paring Campylobacter jejuni in organic
and conventionally-raised poultry, the
Campylobacter isolated from the organic
birds was significantly more sensitive to
antibiotics (25), while the Campylobacter
found on conventionally-raised poultry
exhibited significantly more resistance
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to the tested antibiotics. Researchers
have identified fluoroquinolone-resistant
E. coli (12), third and fourth generation
cephalosporin resistance in Salmonella
spp- (1, 11), and zoonotic methicillin-
resistant Staphylococcus aureus (MRSA)
(20) and Clostridium difficile (37) as
emerging problems in the food supply.

Resistant bacteria can displace the
sensitive bacteria in environments where
antibiotics are in use, a phenomenon
referred to as “second-hand selection of
antibiotic resistance” (24, 30). When a
single animal is treated, that animal is
one potential reservoir of antibiotic resis-
tance, but when multiple animals are ad-
ministered even low levels of a drug, each
animal becomes a potential reservoir of
ABR bacteria. Antibiotics affect com-
mensal organisms as well as pathogens,
and nearly all bacteria have the potential
to share resistance genes with other bac-
teria (29).

Government policy and risk-
management options

Drug approval is the principal risk
management strategy used to deal with
the issue of antibiotic resistance. The
U.S. Food and Drug Administration
Center for Veterinary Medicine (FDA-
CVM), which approves antibiotics for
use in animals, has historically used
antibiotic residues in meat from food-
animals as its primary criterion for ap-
proval, without examining the potential
for ABR pathogens. In 2003, FDA pub-
lished Guidance #152, which outlined
a voluntary approach for assessing the
safety of new antimicrobial animal drugs
and the effects of these medicines on bac-
teria of human health concern (47). The
agency’s position is that this approach
should be applied to all drugs, including
those approved before the implementa-
tion of the guidance, but FDA has given
no timeline for doing this (52).

Periodic review and revision of
FDA-CVM policies on extralabel use of
drugs in veterinary medicine for food-
producing animals are also needed. In
2008, FDA proposed a rule to prohibit
extralabel use of cephalosporins. That
rule was not implemented, pending in-
vestigation of concerns raised by the ag-
ricultural industry. In 2011, consumer,
medical, and animal health advocacy
groups requested that FDA issue the

rule, following an outbreak of cepha-
losporin-resistant  Salmonella Hadar in
frozen turkey patties that caused 12 cases
of human illness (7).

In June 2010, FDA issued Draft
Guidance on the Judicious Use of Medi-
cally Important Antimicrobial Drugs
in Food-Producing Animals, Guidance
#209 (49). These voluntary guidelines
propose limiting the use of medically
important antibiotics in food-animals
to instances necessary for assuring ani-
mal health, as well as increasing veteri-
nary oversight or consultation. The draft
guidelines declare that antibiotics used
for growth promotion are not considered
judicious. While the guidance signals
that FDA’s policy position on risk man-
agement is consistent with many in the
public health community, the time frame
for implementation should be made
explicit.

The World Health Organization
(WHO) and World Organization for
Animal Health (OIE) also have recom-
mended the implementation of “thresh-
olds of resistance” and strict use require-
ments for classes of antibiotics identified
as critically important for human health.
Following the European Union’s (EU)
ban on the use of antibiotics as growth
promoters in 2006, a number of coun-
tries have put in place restricted use
requirements (55). Harmonized data
collection and protective policies on an-
tibiotic usage in food-animals between
the United States and the EU was also
recommended in the June 2011 Trans-
atlantic Consumer Dialogue (TACD)
meeting (41).

To summarize, important risk man-
agement strategies and policy consider-
ations that could reduce antibiotic resis-
tance include the following:

*  climinating over-the-counter avail-

ability;

* requiring a veterinarian’s pre-
scription for antibiotics used
in food-animals if the drugs are
also used in human medicine or
if they cross react with other an-
tibiotics used in human medi-
cine;

e developing drugs that do not
promote antibiotic resistance;

e reducing the levels of human
pathogens in the food-animal
population;

* implementing
in animal genetics, husbandry,

improvements

and hygiene practices; and

* enhancing farmer education on
ABR pathogens (3).

Surveillance and epidemiology

An integrated monitoring system,
with coordinated inputs from the medi-
cal, veterinary, and food sectors, is neces-
sary to identify appropriate risk manage-
ment strategies. WHO specifies that such
a system would include ongoing testing
of foodborne bacteria recovered from
humans, food-animals, and meat (57).

The National Antimicrobial Resis-
tance Monitoring System (NARMS), a
joint project of FDA, CDC, and USDA,
was established in 1996 to monitor an-
timicrobial susceptibility among some
types of enteric bacteria from humans, re-
tail meats, and food animals. Those cur-
rently under surveillance are Salmonella,
Campylobacter, E. coli, and Enterococcus.
Each agency that participates in NARMS
publishes its own annual report, reflecting
results from the portion of the program
for which it is responsible. In addition,
FDA-CVM compiles an executive report
summarizing NARMS data in an inte-
grated format (50). However, sampling,
collection, analysis, and reporting from
the three agencies vary widely and are not
integrated to provide an early warning
system or to determine the risks from
ABR pathogens and the strategies nec-
essary to combat them (52). Confer-
ence participants agreed that NARMS
has been chronically underfunded and
that adequate resources are needed to de-
velop coordinated collection and labora-
tory methods as well as to allow research-
ers improved access to comparable data
for further analyses.

In the United States, drug compa-
nies are required to report antibiotics
sold for food-animal use by class under
the Animal Drug User Fee Amendments
(48) of the Federal Food, Drug, and Cos-
metic Act (14). However, the informa-
tion collected and reported lacks details
that would help target risk management
strategies. Tracking antibiotics used in
food-animals would be more useful
for ABR monitoring if it included the
species, method of administration, and
intended purpose of their use. WHO
and OIE recommend this more robust
approach be used to analyze antibiotic
use and determine what targeted steps

could be taken to reduce it (57).
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On-farm management strategies

The participation of persons repre-
senting agricultural interests was sparse
at the conference. Several panel members
discussed potential on-farm strategies
that may be used for future discussions
or symposia, but much of the focus was
on lessons to be learned from European
countries that have implemented stron-
ger measures to decrease/ban non-thera-
peutic antibiotic use in food-producing
animals.

Educating farmers on best hus-
bandry practices is a critical component
of any system, since it could be expected
to reduce the need for animal drugs.
Furthermore, providing farmers and vet-
erinarians with feedback in the form of
surveillance and drug use data could be
important change management tools.

One existing method that couples
analysis of surveillance data with specific
farm action is the use of a “yellow card”
system. This method was implemented
in Denmark in 2010 to alert farmers
when they are at risk of overusing anti-
biotics, based on deviations from aver-
age antimicrobial use (55). The success
of the yellow card system demonstrates
that, to have an impact on farms, the
social norms and operating practices
of the agriculture industry, agricultural
workers, and veterinarians all need to
change (21). The yellow card initiative,
in combination with several other ini-
tiatives (including strict limitations on
the use of medicines deemed critical for
treating human illness; renewal of veteri-
nary advisory service contract agreement
requirements; revised treatment guide-
lines) targeting the swine industry, were
put into action in 2010. Thus far, results
show a reduction in the total antimicro-
bials consumed by pigs in Denmark (9).
Among the countries where data is col-
lected, Denmark has one of the lowest
levels of veterinary antibiotic use.

However, the current dominant
belief in U.S. agriculture is that non-
therapeutic antibiotic use is an accept-
able husbandry practice even when there
is no medical indication that it is neces-
sary for the health of the animal. This
attitude would have to change before ac-
tions similar to those in Denmark would
be effective in the United States (3).

The continued success of the food
animal production industry in several

European countries, where the use of
antibiotics as growth-promoters has been
disallowed, provides evidence regarding
the effectiveness of regulations limiting
drug use in food-animals as a method
of reducing ABR pathogens. However,
increasing the number of veterinarians
directly involved in U.S. food-animal
production was described by conference
participants as a potential obstacle to
requiring prescription-only antibiotic
use on the farm.

Processing management
strategies

The transportation and housing of
food-animals provides opportunities for
pathogens to transfer from one animal or
group to other groups of uninfected ani-
mals. Cross contamination of carcasses is
also possible in slaughter and processing
facilities (35, 54).

To encourage best practices in
slaughter and processing, CSPI has peti-
tioned USDA to declare four ABR strains
of Salmonella as adulterants within the
meaning of the Federal Meat Inspection
Act (FMIA) (4, 15). The adoption of this
type of legal action level or tolerance may
promote further preventive steps at the
processing level by improved monitor-
ing of the meat supply that may decrease
consumer exposure to ABR pathogens.
USDA has yet to act on the petition.

Further research priorities

Additional suggested research prior-
ities on ABR pathogens include develop-
ing effective alternatives to antibiotics to
combat bacterial disease; evaluating the
effectiveness of non-antibiotic alterna-
tives that already exist; developing better
diagnostic tests to enable earlier detec-
tion and targeted treatment; quantify-
ing the effects of antibiotics on modern
food-animal production; and developing
methods to reduce or eliminate estab-
lished ABR pathogens (23).

LEGAL RESPONSES

In 2011, CSPI filed a petition seek-
ing expansion of the definition of adulter-
ation to include particular strains of ABR
Salmonella spp. (Salmonella Heidelberg,
Salmonella Newport, Salmonella Hadar,
and Salmonella Typhimurium) that are
known to cause disease or have appeared

frequently in NARMS samples. Such a
declaration would require industry and
the government to expand its testing for
these pathogens and to withhold pro-
ducts from commerce when positive
isolates are found. USDA was urged to
expand the definition of adulteration
through the use of its interpretive rule
authority.

In 1999, the Natural Resources De-
fense Council (NRDC), CSPI, and sev-
eral other organizations petitioned FDA
to rescind its approval for subtherapeutic
uses of certain medically important anti-
biotics in animal feed (34). The petition
alleged that such uses are unsafe under
the Federal Food, Drug, and Cosmetic
Act because their use in food animal
production leads to antibiotic resistance
and, ultimately, constitutes a public
health danger for consumers. In 2011,
those same organizations filed a lawsuit
against FDA for its failure to act on the
petition. Citing the 2003 National Acad-
emy of Sciences’ report warning that
the presence of untreatable infections is
growing, the plaintiffs asked the court
to declare FDA's failure to withdraw ap-
proval for the listed drugs as unlawful, to
compel FDA to withdraw approval, and
to compel a final response to the 1999
petitions (and a similar petition filed in
2005) (34). In March 2012, the United
States District Court in the Southern
District of New York ordered FDA to
initiate withdrawl proceedings, as re-
quested in the petition. This order will
redirect FDA from its previous response
to petitioners, stated in November 2011,
to work with the animal pharmaceutical
industry, veterinarians, and public health
communities on a voluntary strategy to
implement the principles of judicious
use of antibiotics in food-producing ani-
mals.

Legislation

The Preservation of Antibiotics for
Medical Treatment Act (PAMTA) was
re-introduced in the 112th Congtess.
PAMTA would require FDA to phase
out the non-therapeutic use in livestock
of medically important antibiotics and
require public health standards to be
applied to new approvals of animal anti-
biotics. The bill would continue to allow
the use of the drugs to treat sick animals.
PAMTA does not restrict the use of an-
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tibiotics in food-animals unless those
antibiotics are classified as important in
human medicine (53).

DISCUSSION

Both STEC and ABR pathogens
have emerged as public health hazards
requiring a comprehensive and collabor-
ative response utilizing multi-layered risk
management approaches and activities.
When problems are documented through
surveillance, effective consumer protec-
tion entails control measures implement-
ed at multiple points along the farm-to-
fork continuum. Post-production risk
management by consumers alone is not
sufficient to protect either public health
or business; risk management strategies
must be implemented at every step of the
food system, beginning with raising ani-
mals and progressing to final food prepa-
ration and consumption.

Managing the risks of STEC and
ABR pathogens in the food supply pro-
vides both unique and complementary
challenges. Although both pose signifi-
cant risks to consumers, the approaches
employed to combat them may not be
identical. Current risk management
strategies for STECs are focused at the
processing and consumer level, with little
emphasis on the animal production level,
whereas those used for managing ABR
pathogens occur at both the drug ap-
proval stage and with improved applica-
tion on the farm. Controlling antimicro-
bial use in food-animals would be most
effective to reduce the occurrence of ABR
pathogens in the food supply (38).

Currently, several federal agencies
are responsible for specific aspects of
regulation and oversight. While USDA
regulates the meat and poultry supply
and some egg products, FDA has over-
sight over all other food categories and
approval authority for all drugs used for
humans or animals. The involvement of
multiple agencies with differing regula-
tory approaches has resulted in incon-
sistent policies as well as confusion in
the industries and among the public.
For example, USDA has announced an
expansion of its test-and-hold program
to keep E. coli O157:H7 adulterated
products out of commerce. However,
no FDA-regulated product is managed
under a test-and-hold program, and
non-meat products containing STEC

pathogens can reach consumers without
consistent testing or control systems.
Coordination is needed to ensure that
protection from these hazards is robust
and streamlined across industries and
across products, regardless of which
agency has oversight. The streamlining
of interagency coordination, communi-
cation, and transparency would allow for
better management of foodborne hazards
and would decrease industry and con-
sumer confusion.

In addition, on-farm oversight is
not utilized by the federal government in
the food safety arena, which leaves con-
sistent federal tools confined to drug ap-
proval and at processing plants. As STEC
and ABR pathogens evolve, production
agriculture must examine the practices
that may exacerbate food safety risks,
such as the crowded, unhygienic condi-
tions that can give rise to the spread of
pathogens and the overuse of antibiotics.
Collaborative discussions with indus-
try, government, academia, and public
health advocates are most likely to lead
to substantive and sustainable change.

USDA and FDA have held such dis-
cussions, including a joint public meeting
in November 2011 with FSIS, the Ani-
mal and Plant Health Inspection Service
(APHIS) and the Agricultural Research
Service (ARS), to discuss on-farm issues
and their relationship to food safety. The
Pre-harvest Food Safety for Cattle Public
Meeting focused on pathogen control
strategies at pre-harvest for reducing the
prevalence of STECs and Salmonella in
and on live cattle. Discussion centered on
interventions and strategies that can con-
trol pathogens to reduce the likelihood
of end-product contamination (and thus
human foodborne illnesses). Pre-harvest
technologies, such as probiotics, sodium
chlorate and bacteriophage, were a focus
of many presentations and workshop dis-
cussions. Participants also reviewed sci-
entific studies on food-producing animal
vaccines, considered by many to be one
of the more promising pre-harvest tech-
nologies (45).

Vaccinating  food-producing ani-
mals at the pre-harvest level for STECs,
primarily targeting E. coli O157:H7 in
cattle, is gaining attention from industry
and academia. Vaccines can decrease fe-
cal shedding of pathogenic bacterium,
which decreases their prevalence in the
environment, on carcasses, and in the

final food product (45). Both lowa State

University and Texas Tech University
have conducted research (field trails and
whole-herd vaccination approaches) to
demonstrate the efficacy and potential
impact of a particular vaccine for E. coli
O157:H7 in beef cattle (45). Currently,
the vaccine has a conditional license, but
use of the vaccine by the cattle industry
has been low. Stakeholders should ex-
plore ways to remove barriers to adop-
tion of such interventions where they are
shown to be effective.

Federal databases, such as NARMS,
PulseNet and VetNet, use different no-
menclature and are often incompatible
with one another. Communication be-
tween agencies is scanty, leading to du-
plication of data collection and wasted
resources. Better management of emerg-
ing pathogens requires a more responsive
surveillance system and better screening
tools so that information can be gathered
and analyzed rapidly. The surveillance
system requires cooperation between the
federal agencies as well as with the state
and local agencies that often collect the
data. Great variability exists among state
and local health departments in discov-
ering, investigating, and reporting food-
borne illness, often because of a lack of
adequate funding for even core public
health services.

The prioritization of research needs
to be clearly delineated by government
agencies to forge a coherent plan for risk
management, but identifying research
gaps and finding effective control mea-
sures and interventions are a shared re-
sponsibility of industry and government.
Developing a mechanism for collecting
and sharing industry data outside a regu-
latory framework may be appropriate
to discover and implement solutions to
these challenging problems.

Utilizing industry data to support
best practices will advance successful
methods and interventions most rapidly.
Creating a feedback loop for data sharing
with industry, along with government
incentives, can help mobilize the indus-
try to improve practices more rapidly.
Combining positive rewards with disin-
centives, such as fines for non-compli-
ance, may motivate companies to engi-
neer new and retool existing technologies
to manage food safety hazards related to
ABR and STEC pathogens.

CONCLUSIONS

The vulnerability of food systems in
the United States and across the world
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to outbreaks of ABR pathogens and
STEC: are due to a combination of fac-
tors: the evolution and mutation of bac-
teria in response to their environment,
the shared global food supply, outdated
or inadequate risk management proce-
dures and policies, and the overuse and
misuse of antibiotics. Although there is
strong evidence of the threats facing the
public from both STEC and ABR patho-
gens in the environment and in the food
supply, the existing surveillance system
has not captured the impact of emerging
pathogens on the food supply and hu-
man health in a systematic and proactive
way. When problems are documented
through integrated surveillance sys-
tems, effective public health protection
will require implementation of control
measures at multiple points along the
farm-to-fork continuum. All stakehold-
ers must be willing to entertain new ap-
proaches to protect human and animal

health and ensure the safety of the food
supply.
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